
© 2025 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License  
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.  

“This article has been published in Gene Expression at https://doi.org/10.14218/GE.2025.00018 and can also be viewed on the Journal’s website  
at https://www.xiahepublishing.com/journal/ge ”.

Gene Expression 2025 vol. 000(000)  |  000–000      Epub 
DOI: 10.14218/GE.2025.00018

Review Article

Introduction
Dental caries is a multifactorial disease characterized by the 
localized demineralization of dental tissues due to acidic by-
products resulting from bacterial fermentation of free sugars.1,2 
Dental caries is a widespread chronic condition affecting a sig-
nificant portion of the global population.3 Untreated dental car-
ies impacts approximately two billion permanent teeth and 0.5 
billion primary teeth, frequently resulting in dental pain,4 failure 
of dental restorations,5 and negatively affecting individuals’ oral 
health-related quality of life.6 While dental caries can be pre-
vented through good oral hygiene, reduced intake of fermentable 
carbohydrates, and the use of fluoride—whether in water or in 
other vehicles such as toothpaste or mouthwash—controlling it at 

a population level remains challenging.2 This is due to the strong 
influence of contextual, socioeconomic, and behavioral factors, 
making dental caries a persistent global public health issue.2 Poor 
oral hygiene habits and high consumption of fermentable carbo-
hydrates are closely related to unfavorable socioeconomic status 
and are the main factors that explain the development and pro-
gression of caries.2,5

However, differences in caries prevalence are noticeable among 
individuals with similar protective and risk factors and comparable 
oral health behaviors.7,8 In these cases, genetic factors may play 
a role, influencing either increased resistance or susceptibility to 
dental caries.9,10 A recent set of meta-analyses indicated that ge-
netic factors could contribute to the observed differences in caries 
prevalence (Table 1).11–22 Twin studies support this association, as 
monozygotic twins show higher concordance in caries experience 
than dizygotic twins.23 Several genes have been identified as sig-
nificant in the development and progression of dental caries.9,17 
These genes are categorized based on their functions: a) those re-
lated to tooth mineral tissues, b) taste perception, c) salivary com-
position and flow, and d) immune response. Research into genetic 
contributions to the occurrence of dental caries has been ongoing 
since the late 1980s, initially based on twin studies,24–27 evolving 
into candidate gene association studies and, more recently, into 
genome-wide association studies (GWAS).
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Table 1.  Systematic reviews of literature investigating the influence of single nucleotide polymorphisms on dental caries in candidate gene studies

Author Study type N studies Population Gene(s) Main findings
Genes involved in tooth mineral tissues
Li et al.15 Meta-

analysis
4 Adults and 

children
KLK4 No overall associations with KLK4; subgroup 

analysis showed increased risk under dominant 
model (OR = 1.74, 95%CI [1.02–2.96])

Sharma 
et al.16

Meta-
analysis

12 Children AMBN, KLK4, 
MMPs, AMELX

Gene-based analysis found significant 
associations: AMBN (six variants), KLK4 (4), 
MMP20 (2), MMP9, and MMP13 (one each)

Hemati et al.19 Meta-
analysis

17 Adults and 
children

DEFB1, MBL2 DEFB1 was associated with caries risk 
(OR = 1.22, 95% CI [1.02–1.47])

Chisini et al.14 Meta-
analysis

18 Adults and 
children

AMBN, AMELX, TFIP11, 
BMP, ENAM, MMPs

Pooled SNPs in AMBN (OR = 0.45, 95%CI [0.29–
0.72]), AMELX (OR = 1.78, 95%CI [1.23–2.56]), 
and TFIP11 (OR = 1.64, 95%CI [1.08–2.50]) 
showed consistent associations with caries

Genes involved in taste
Chisini et al.13 Meta-

analysis
2 Adults and 

children
TAS1R2, TAS1R3, 
TAS2R38, GLUT2

Protective association found for TAS2R38 
(OR = 0.35, 95%CI [0.17–0.75])

Genes involved in saliva formation and composition
Chisini et al.11 Meta-

analysis
10 Adults and 

children
CA6, AQP5, MUC5B CA6 was associated with higher risk (OR = 3.23, 

95%CI [1.39–7.49]); AQP5 variants linked to 
decreased risk (OR=0.75, 95%CI [0.59–0.95]); 
pooled salivary SNPs associated with increased 
caries risk (OR = 1.75, 95%CI [1.06–2.89])

Lips et al.20 Systematic 
review

16 Adults and 
children

DEFB1, LTF Reported associations with DEFB1 and LTF 
polymorphisms, though not all findings 
reached statistical significance

Genes involved in immune response
Qin et al.18 Meta-

analysis
10 Children VDR (multiple SNPs) VDR shows significant allele differences (OR = 1.33, 

95%CI [1.30 – 2.30]); genotypes were associated 
with higher risk (OR = 1.33, 95%CI [1.06 – 1.67])

Aruna et al.21 Meta-
analysis

15 
(review), 
2 (meta)

Children DEFB1, LTF, LPO, 
ALOX15, MBL2, TRAV4, 
MASP2, TNF-α

No significant associations found in meta-analysis

Chisini et al.12 Meta-
analysis

18 Adults and 
children

MBL2, LTF, MASP2, 
DEFB1, FCN2, MUC5B

Pooled MBL2 SNPs associated with caries: homozygote 
(OR = 2.12, 95%CI [1.12 – 3.99])), heterozygote (OR = 
2.22, 95%CI [1.44 – 3.44])); MUC5B SNPs associated 
in heterozygotes (OR = 1.83, 95%CI [1.08 – 3.09]))

Different polymorphism’s groups investigated
Gonzalez-
Casamada 
et al.22

Systematic 
review

25 Children Multiple genes incl. 
VDR, AMELX, TUFT1, 
KLK4, MBL2, ENAM, 
DEFB1, TAS1R1, MMP13

Risk genes: VDR, AMELX, TUFT1, KLK4, MBL2, DEFB1; 
protective SNPs in MMP20, MMP9, TIMP2, ENAM

Piekoszewska-
Ziętek et al.72

Systematic 
review

30 Adults and 
children

AMELX, AQP5, ESRRB, 
ENAM, TUFT1, MMPs, 
DSPP, BMP7

AMELX, AQP5, and ESRRB had the strongest evidence 
with replication across studies and datasets

Chisini et al.17 Meta-
analysis

13 Adults and 
children

VDR Statistical significance was only observed when 
VDR results were stratified by population. East 
Asian population was associated with higher risk

ALOX15, arachidonate 15-lipoxygenase; AMBN, ameloblastin; AMELX, amelogenin; AQP5, aquaporin 5; BMP, bone morphogenetic protein; BMP7, bone morphogenetic protein 7; 
CA12, carbonic anhydrase XII; CA6, carbonic anhydrase VI; CI, confidence interval; DEFB1, defensin beta 1; DSPP, dentin sialophosphoprotein; ENAM, enamelin; ESRRB, estrogen 
related receptor beta; FCN2, ficolin 2; GLUT2, glucose transporter type 2 (SLC2A2); KLK4, kallikrein related peptidase 4; LPO, lactoperoxidase; LTF, lactoferrin; MASP2, mannan-
binding lectin serine peptidase 2; MBL2, mannose-binding lectin 2; MMP13, matrix metalloproteinase 13; MMP20, matrix metalloproteinase 20; MMP9, matrix metalloproteinase 
9; MMPs, matrix metalloproteinases; MUC5B, mucin 5B; OR, odds ratio; SNP, single nucleotide polymorphism; TAS1R1, taste receptor type 1 member 1; TAS1R2, taste receptor 
type 1 member 2; TAS1R3, taste receptor type 1 member 3; TAS2R38, taste receptor type 2 member 38; TFIP11, tuftelin interacting protein 11; TIMP2, tissue inhibitor of metal-
loproteinase 2; TNF-α, tumor necrosis factor alpha; TRAV4, T cell receptor alpha variable 4; TUFT1, tuftelin 1; VDR, vitamin D receptor.

https://doi.org/10.14218/GE.2025.00018


DOI: 10.14218/GE.2025.00018  |  Volume 00 Issue 00, Month Year 3

Chisini L.A. et al: Genetic epidemiology of caries Gene Expr

Only a few studies have used GWAS to explore genetic factors 
in dental caries and identify potential new genes, revealing lim-
ited overlap among the studies’ findings.28–32 Most studies have 
focused on the association between genetic components and den-
tal caries using the candidate gene approach to examine single 
nucleotide polymorphisms (SNPs). SNPs are variations of a sin-
gle nucleotide and are among the most frequent types of DNA se-
quence variation. They affect only one nitrogenous base and are 
considered a major source of variation in the human genome.33,34

Therefore, understanding the genes and pathways that influence 
susceptibility to dental caries can provide better insights into the 
underlying complex mechanisms. This review aimed to compre-
hensively report the most up-to-date evidence on the link between 
genetic single nucleotide polymorphisms and dental caries, explor-
ing the main results of genes and pathways that may affect dental 
caries and discussing the main methodological aspects that can 
contribute to developing new studies.

A comprehensive search was conducted across three data-
bases (PubMed/Medline, Scopus, and Scielo) through February 
2025. The search strategy combined MeSH terms and free-text 
keywords: ((Dental Decay) OR (Dental White Spot) OR (Sus-
ceptibility, Dental Caries) OR (Dental Caries Resistance)) AND 
((Genetic Polymorphisms) OR (Genetic Polymorphism) OR 
(Polymorphism) OR (Polymorphisms) OR (Single Nucleotide 
Polymorphisms) OR (SNPs) OR (GWAS) OR (Genome Wide As-
sociation Studies)). The outcome was dental caries, measured via 
Decayed, Missing, and Filled Teeth (DMF-T) or the International 
Caries Detection and Assessment System (ICDAS). Observational 
studies (cross-sectional, cohort, and case-control) and reviews as-
sessing SNPs and caries experience were included. No restrictions 
on age, language, or publication date were imposed. We excluded 
case reports, conference abstracts, letters, and qualitative studies. 

Data extraction focused on gene function, SNP associations, and 
methodological rigor.

Human genetic studies of dental caries
Most genetic studies focusing on the caries phenotype aimed to 
detect associations of genetic variants (mainly SNPs), based on 
previous hypotheses developed from the known etiopathogenesis 
of the disease.9 These studies exhibited a pattern of selection and 
suggested that they could be grouped according to the mechanisms 
and characteristics of the genetic pathways in which they are in-
volved (Fig. 1).

Genes involved in tooth mineral tissues
Most candidate gene studies investigated polymorphisms linked 
to genes involved in the development of tooth mineral tissues.9,35 
These genes are related to the processes of mineralization and for-
mation of dental enamel, dentin, or cementum. They are frequently 
studied due to their known biological plausibility: genetic variants 
may alter the chemical properties of the tooth surface, making the 
mineral tissues more susceptible to demineralization by bacterial 
acids from biofilm.35,36 A recent evolutionary study suggested that 
mammals’ dietary habits may be influenced by genetic factors re-
lated to tooth development.37 The protein encoded by ENAM is in-
volved in the mineralization and organization of tooth enamel, and 
gene variations may result in changes in enamel mineralization.38 
Similarly, matrix metalloproteinase (MMP) genes are crucial in the 
formation of dentin and enamel39; specifically, the MMP2 gene 
encodes gelatinase A (type IV collagenase). MMP2, expressed by 
ameloblasts and odontoblasts,40 is overexpressed in decayed dentin 
compared to healthy dentin.41 This protein may play a significant 
role in the progression of dental caries due to its ability to cleave 

Fig. 1. Main genetic groups with potential association with dental caries according to genetic pathways. The figure illustrates the major categories of genes 
that may influence susceptibility to dental caries, organized by their biological functions and pathways. These groups include: (1) Enamel formation genes, 
which play roles in the development and mineralization of the tooth enamel and dentin; (2) Immune response genes, involved in innate and adaptive im-
mune mechanisms that modulate the host response to cariogenic bacteria; (3) Saliva-related genes, which influence the composition, flow, and buffering 
capacity of saliva, impacting oral microbiota and caries risk; (4) Taste perception genes, which may affect dietary preferences and sugar intake, indirectly 
influencing caries development; Each group contributes to different aspects of caries pathophysiology, highlighting the multifactorial and polygenic nature 
of the disease.
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amelogenin, a key structural protein in the enamel matrix.40 Thus, 
SNPs with functional impacts on MMP2 could alter its ability to 
cleave amelogenin, potentially influencing tooth demineralization.

Although GWAS have not consistently identified the same 
variants observed in candidate gene studies, several loci related 
to the formation of dental mineralized tissues have been associ-
ated with increased susceptibility to dental caries. In primary den-
tition, a GWAS identified an association with the AJAP1 locus, 
which interacts with basigin, a modulator of MMP activity during 
odontogenesis.30 For permanent teeth, loci in DLX3 and DLX4—
genes involved in tooth mineralization—were also associated in 
another GWAS.10 Thus, these genes showed a potential associa-
tion with dental caries through tooth mineralization. Additionally, 
ADAMTS3 and ISL1, which may play roles in tooth development, 
were associated with caries susceptibility.42

In candidate gene studies, SNPs linked to mineral tissue genes 
were associated with different patterns of dental caries experience.43 
A systematic review and meta-analysis including 25 candidate gene 
studies identified several SNPs linked to the development of dental 
mineral tissues and the caries phenotype.14 High heterogeneity was 
found among studies, although no publication bias was detected. De-
spite limited overlap of results among the included studies, the main 
association identified in the meta-analysis was with SNP rs134136 
(TFIP11). The T allele of rs134136 (TFIP11) was associated with a 
51% higher risk in the high caries experience group, with no asso-
ciations observed regarding the genotypes. Moreover, pooled SNPs 
from AMBN were associated with the low caries experience group, 
and pooled analysis of SNPs in AMELX showed an association with 
the high caries experience group.

Another systematic review assessing genetic and protein inter-
actions included 51 studies and 27 genes and found that at least 23 
of these genes interacted with others and influenced dental caries.35 
Although results showed limited overlap in different populations, 
some genes (TUFT1, VDR, TFIP11, VDR, and TFIP11) were con-
sistently identified and shown to be connected in interaction net-
works involving at least 10 other genes.35 This study highlighted 
two interaction networks among proteins encoded by these genes 
(Network 1: MMP20, AMBN, ENAM, DSPP, TUFT1, TFIP11, 
AMELX, KLK4; and Network 2: MMP13, MMP3, MMP2). These 
networks were found to influence dental caries. Therefore, the im-
portance of considering dental caries as a polygenic trait in future 
studies becomes evident.28

The first longitudinal study evaluating the effect of tooth miner-
al tissue genes on dental caries was recently published. It assessed 
gene-gene interactions (i.e., epistatic interaction).44 Although no 
overlap with results from the previous meta-analysis was found 
in the initial analysis,14 a highly significant overlap was identified 
during the epistatic analysis. Specifically, three-locus interaction 
models involving rs4970957 (TUFT1), rs243847 (MMP2), and 
rs5997096 (TFIP11), and a two-locus model involving rs243847 
(MMP2) and rs388286 (BMP7), were associated with caries tra-
jectory over the life course in a Brazilian population. These epi-
static interactions appear to be an important mechanism to explain 
the genetic influence on dental caries—one that may not be de-
tected through simple association analyses. Typically, the simple 
association between a polymorphism and a disease is insufficient 
to explain a complex genetic structure with multiple interaction 
pathways, especially in multifactorial phenotypes such as dental 
caries.28 These findings underscore the importance of conducting 
robust analyses that consider gene-environment and epistatic in-
teractions. Such approaches are essential to fully understand the 
polygenic nature underlying dental caries.

Genes involved in taste
The sense of taste allows a quick assessment of the nutritional 
value and potential presence of harmful substances.45 The taste 
receptor gene played a key evolutionary role in deterring individu-
als from consuming toxic substances and enabling vertebrates to 
adapt to distinct environments and diets.46,47 Among the five basic 
taste qualities (salty, sour, bitter, umami, and sweet), sweetness is 
generally associated with the presence of highly energetic food. 
Sweet taste perception is mediated by G-protein-coupled recep-
tors in mammals, primarily expressed in the epithelial cells of the 
tongue and palate.47 This family of receptors includes taste recep-
tor type 1, member 1, member 2, and member 3, with the TAS1R3 
and TAS1R2 genes encoding the taste receptor type 1, member 3 
and taste receptor type 1, member 2 proteins, respectively.48 Thus, 
SNPs in taste-related genes can modify taste sensitivity and lead 
to different dietary preferences,45 resulting in higher sweet food 
consumption among certain individuals.49 As a consequence, these 
individuals may face an increased risk of various diseases,50 in-
cluding dental caries.49,50 Indeed, the pathway linked to taste per-
ception genes is one of the most promising for explaining dental 
caries experience, since it has shown considerable associations in 
both candidate gene studies and GWAS results.10,13,51

A systematic review and meta-analysis identified twelve SNPs 
in four groups of genes (TAS1R2, TAS2R38, TAS1R3, and GLUT2) 
related to caries experience in candidate gene studies.13 Although 
results varied by population ethnicity for some SNPs, two studies 
included in the meta-analysis showed that the CG genotype of the 
SNP rs713598 (TAS2R38) was associated with a reduction in car-
ies experience.13 The TAS2R38 gene is located in a cluster in the 
taste receptor region (locus 12p13) and is responsible for sensitivi-
ty to bitter taste. Specifically, the SNP rs713598 results in a change 
from the amino acid alanine to proline at position 49. A recent 
GWAS involving five cohorts of children identified significant as-
sociations between early childhood caries and several genes, with 
a particular focus on the TAS2R gene family.51 TAS2R38, TAS2R3, 
TAS2R4, and TASR25 were also associated in an additional GWAS 
study,10 highlighting strong concordance in results between differ-
ent genetic study designs. The TAS1R3 gene is a strong candidate 
because it encodes one of the three main taste receptor proteins: 
taste receptor type 1, member 3.52 It is well established that human 
taste perception of sweets is mediated by the TAS1R2 and TAS1R3 
genes.52 The TAS1R3 SNP (rs307355) has been extensively in-
vestigated, and studies consistently show its role in regulating the 
TAS1R3 protein.53 Changes in this SNP have been shown to alter 
sweet taste perception.53,54 One study found a strong association 
between the CT genotype at this SNP and increased experience 
of dental caries.55 More recently, this finding was replicated in a 
longitudinal study that considered the trajectory of dental caries 
across the life course.56 After applying robust statistical controls 
and corrections for multiple testing, the associations remained con-
sistent at all follow-up points (ages 15, 24, and 31), with a dose-
dependent effect related to the number of risk alleles, reinforcing 
the strength of the evidence. Furthermore, a significant epistatic 
interaction between rs307355 (TAS1R3) and rs35874116 (TAS1R2) 
was observed, affecting dental caries experience.56 This interac-
tion highlights the complex genetic architecture of dental caries 
and supports the hypothesis of epistasis underlying earlier findings 
related to TAS1R2.

Genes involved in saliva formation and composition
Considering that saliva plays an important role in the etiopatho-
genesis of dental caries, genetic epidemiology studies have inves-

https://doi.org/10.14218/GE.2025.00018


DOI: 10.14218/GE.2025.00018  |  Volume 00 Issue 00, Month Year 5

Chisini L.A. et al: Genetic epidemiology of caries Gene Expr

tigated genes and polymorphisms that could impact salivary flow 
or composition. Saliva contains constituents that inhibit cariogenic 
bacteria in biofilms and includes calcium and phosphate ions, 
which are fundamental in remineralization processes.57 Salivary 
flow also helps dilute microorganisms and ingested carbohydrates, 
preventing their accumulation on dental surfaces and consequently 
reducing caries risk.57

Carbonic anhydrase (CA) 12 was associated with dental car-
ies in two GWAS studies.10,31 Moreover, some SNPs linked to the 
CA6 gene were associated with reduced salivary buffering capacity 
in Brazilian children and influenced the composition of the biofilm 
microbiota on the teeth of Swedish adolescents.58,59 This can be 
explained by the role of CA6 in neutralizing bacterial acids such as 
lactic acid by converting salivary’s HCO3− into water and carbon 
dioxide, thereby maintaining pH balance through buffering.60 This 
mechanism accounts for the increased colonization of Streptococ-
cus mutans in individuals with CA6 SNPs, which in turn influences 
caries risk in Swedish adolescents.59

The Mucin 5B (MUC5B) gene encodes a protein responsible for 
mucus secretions in saliva, which reduces the adhesion of Strep-
tococcus mutans and inhibits biofilm formation.61 A decrease in 
MUC5B in the dental pellicle can make teeth more susceptible 
to Streptococcus mutans attachment, increasing the risk of dental 
demineralization.61 In this context, SNPs in MUC5B were associ-
ated with higher biofilm presence and increased dental caries in a 
sample of Brazilian children.62

Aquaporins (AQPs) are a family of small integral membrane 
proteins that appear to play a role in saliva production through 
the genes encoding AQP2, AQP5, and AQP6, which are clustered 
in the 12q13 region.63 Two polymorphic variants (rs10875989 
[AQP2] and rs3759129 [AQP5]) were associated with dental car-
ies in candidate gene studies.64 These proteins are crucial for the 
secretion and composition of saliva and contribute to the physi-
ological protection of the teeth and oral cavity. AQP5 facilitates 
water transport and is essential for producing tears, pulmonary 
secretions, and saliva. It is located in the apical membranes of 
serous acinar cells in both the salivary and lacrimal glands. It is 
hypothesized that SNPs in AQP genes may affect natural salivary 
composition or flow, disrupting homeostasis.9 Mouse models with 
targeted deletion of the AQP5 gene showed reduced saliva flow 
and increased dental caries,65 supporting AQP5’s involvement in 
caries pathogenesis and its interaction with fluoride in humans.64

A recent systematic review and meta-analysis included 16 studies 
totaling 6,207 individuals and assessed 44 candidate genes, cover-
ing four genes related to saliva (CA6, AQP2, AQP5, and MUC5B).11 
Although most SNP associations were lost in the meta-analysis, the 
TT genotype of rs17032907 (CA6) showed an odds ratio 3.23 times 
higher in individuals with dental caries. When SNPs in AQP5 were 
pooled, a 25% reduction in caries likelihood was observed. Simi-
larly, pooling all SNPs related to salivary composition and flow 
showed that the effect allele was associated with a 75% increase in 
caries experience in homozygous individuals.11 Importantly, none 
of the SNPs assessed in this meta-analysis overlapped with variants 
identified in GWAS studies available in the literature.30–32,42,66–71 
This discrepancy between candidate gene studies and GWAS find-
ings can be explained by several methodological and conceptual 
differences. First, phenotyping inconsistencies across studies, such 
as variability in caries definitions, diagnostic criteria, population 
ethnic backgrounds, or inclusion of primary versus permanent den-
tition, can lead to divergent genetic associations. Second, GWAS 
apply stringent genome-wide significance thresholds to minimize 
false positives, often requiring very large sample sizes to detect 

modest effect sizes. In contrast, candidate gene studies typically ex-
amine fewer loci with less rigorous statistical correction, increasing 
the risk of false positives. Many candidate gene studies are under-
powered, limiting their ability to detect true associations, especially 
if effect sizes are small. These factors, combined with the complex 
and multifactorial nature of dental caries, help explain the limited 
overlap between findings and highlight the need for harmonized 
phenotyping and larger, collaborative studies to clarify the genetic 
architecture of this condition.

Furthermore, GWAS can detect variants beyond the traditional 
scope of candidate gene approaches, often identifying intergenic 
regions or genes involved in less obvious biological pathways. 
This broader discovery potential reflects the hypothesis-free na-
ture of GWAS, allowing identification of previously unanticipated 
mechanisms contributing to caries susceptibility, as summarized in 
Table 2.10,28-32,42,51,68

Genes involved in immune response
Some proteins present in saliva are related to individual immune 
responses because they possess antimicrobial, antiviral, antifungal, 
and anti-inflammatory properties.9,72 Lactoferrin (LTF), defensin 
beta 1, and mannose-binding lectin 2 (MBL2) are genes encoding 
proteins that have been linked to the immune function.9 Studies 
suggest that these proteins act as host defense factors, influencing 
the nonspecific immune system as well as adaptive immunity.9,72 
Consequently, they may affect bacterial colonization on tooth sur-
faces and thus influence caries experience.72

A systematic review including 6,947 individuals from diverse 
ethnic backgrounds identified 22 SNPs linked to six different im-
mune response genes (MBL2, LTF, MASP2, defensin beta 1, FCN2, 
and MUC5B), assessing the influence of host immune response-re-
lated polymorphisms.12 Eighty-two percent of these SNPs were re-
lated to the possible functional impact on protein coding. Although 
there was limited overlap of results across studies, SNPs in MBL2 
were consistently associated with higher caries experience in both 
homozygote and heterozygote analyses.

MBL2 encodes a soluble mannose-binding protein present in 
serum. This protein is part of the innate immune system, recog-
nizing mannose and N-acetylglucosamine on the surfaces of vari-
ous microorganisms and activating the complement cascade via 
an antibody-independent pathway.73 Therefore, it was proposed 
that MBL2 variants could influence microbial colonization and, 
consequently, dental caries susceptibility.74 Specifically, the CG 
and GG genotypes of SNP rs11003125 in MBL2 were associated 
with increased odds of dental caries.74 Similarly, the LTF gene, 
located at 3p21.31, encodes lactoferrin, a protein mainly expressed 
in the salivary glands.75 Lactoferrin is present in neutrophil gran-
ules and has strong antimicrobial activity, making it an important 
component of the nonspecific immune system.75,76 Evidence sug-
gests that LTF plays a crucial role in host defense against a broad 
spectrum of microorganisms,76 which could explain its association 
with caries experience observed in some studies.77,78

GWAS and candidate gene evidence
GWAS have identified novel loci associated with dental caries that 
were not previously explored in candidate gene studies, while also 
reinforcing some previously hypothesized pathways. For instance, 
GWAS implicated genes such as AJAP1, which modulates MMP 
activity during tooth development,30 that had not been investigat-
ed in candidate gene studies. Conversely, genes like DLX3/DLX4 
(linked to tooth mineralization),10 CA12 (linked to salivary buffering 
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capacity),28 and taste-related genes (TAS2R38, TAS2R3, TAS2R43, 
TAS2R14) were confirmed by GWAS and align with established 
biological categories.10,51 Moreover, GWAS revealed loci in less 
obvious pathways, such as BCOR,31 known to cause oculofaciocar-
diodental syndrome, a disorder characterized by dental anomalies. 
These findings suggest broader biological mechanisms beyond tra-
ditional candidate pathways and confirm the roles of taste-related 
and tooth mineralization genes identified in candidate studies.

The limited overlap between GWAS and candidate gene results 
arises from methodological and conceptual differences, some of 
which also explain inconsistencies within candidate gene studies 
themselves. Candidate gene studies, often underpowered and fo-
cused on biologically plausible genes based on prior hypotheses, 
typically lacked rigorous correction for multiple testing, increasing 

the likelihood of false positives. In contrast, GWAS use a hypoth-
esis-free approach that detects variants with modest effects across 
the genome, including those in intergenic regions or non-canonical 
pathways. Phenotypic heterogeneity—such as varying caries defi-
nitions (Decayed, Missing, and Filled Teeth index [DMFT] vs. 
ICDAS), age groups, or dentition types—further complicates rep-
lication. Additionally, population stratification and ancestral diver-
sity contribute to discrepancies, as allele frequencies and linkage 
disequilibrium patterns differ among ethnic groups.

Methodological issues in genetic studies on dental caries
Genetic epidemiology studies have shown evidence that genetic 
components are involved in the etiopathogenesis of dental caries, 

Table 2.  Main findings for genome-wide association studies

Author Main findings

Alotaibi et al.10 For deciduous caries, suggestive loci were identified in TAS2R38, TAS2R3, TAS2R4, and TASR25, all involved in taste 
perception. For permanent dentition, loci were found in DLX3 and DLX4, which play roles in tooth mineralization. 
Additional genes such as SPTSSA, ID4, MIR3660, MIR4643, CA9, TLN1, and CNTNAP2 were associated with gene 
regulation, sphingolipid metabolism, pH balance, cell migration, and neural function. APTAX, NFX1, REL, and PAPOLG 
may influence caries risk through immune and tissue repair mechanisms

Fries et al.28 Identified associations with CA12, a gene related to salivary flow, and with PITX1-AS1, FUT2, ADCY9, C10ORF11, 
BAHCC1, HIST1H2BE, FAM118A, and CHRNA3

Laajala et al.29 Reported loci in RN7SKP246, NAMPTP2, CTTNA2, LRRTM1, PHYKPL, RMND5B, DET1, ISG20, 
and MFGE8, though none are currently linked to known cariogenic pathways

Shaffer et al.30 Significant association with AJAP1 (rs3896439, p = 2 × 10−8), which interacts with basigin, a modulator of MMP activity 
during odontogenesis. Additional findings include ABCG2 (a stem cell marker in odontogenic tissues) and LYZL2 (a host 
defense-related bacteriolytic factor). Suggestive loci were also identified in PKD2, EDNRA, TGFBR1, NKX2-3, IFT88, 
TWSG1, IL17D, SMAD7, and members of the SCPP gene family

Shungin et al.31 Identified associations with CA12, a gene related to salivary flow; Identified also 
loci include KRTCAP2, WNT10A, C5orf66, FGF10, HLA, PBX3, FOXL1, MC4R, and 
MAMSTR; no direct connection to cariogenic pathways was established

Wang et al.42 Reported associations with RPS6KA2 and PTK2B (involved in MAPK signaling), and RHOU and FZD1 (linked to Wnt 
signaling), both pathways previously implicated in caries. ADAMTS3 and ISL1 are involved in odontogenesis, while 
TLR2 participates in immune responses against oral pathogens

Zeng et al.32 Suggestive associations were found with BCOR and BCORL1; mutations in BCOR are known to cause 
oculofaciocardiodental syndrome, a disorder characterized by dental anomalies. Additional loci include INHBA,  
CXCR1, and CXCR2, all potentially involved in cariogenesis

Haworth 
et al.68

ALLC was identified, though its role in caries or related pathways remains unclear.

Orlova et al.51 The study identified genes linked with early childhood caries: CDH17, TAS2R43, SMIM10L1, TAS2R14. TAS2R43 and 
TAS2R14 are linked to taste perception

ABCG2, ATP binding cassette subfamily G member 2; ADAMTS3, ADAM metallopeptidase with thrombospondin type 1 motif 3; ADCY9, adenylate cyclase 9; AJAP1, adherens 
junctions associated protein 1; ALLC, allantoicase; APTAX, aprataxin pseudogene; BAHCC1, BAH domain and coiled-coil containing 1; BCOR, BCL6 corepressor; BCORL1, BCL6 core-
pressor like 1; C10ORF11, chromosome 10 open reading frame 11; C5orf66, chromosome 5 open reading frame 66; CA9, carbonic anhydrase IX; CDH17, cadherin 17; CHRNA3, 
cholinergic receptor nicotinic alpha 3 subunit; CNTNAP2, contactin associated protein-like 2; CTNNA2, catenin alpha 2; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C mo-
tif chemokine receptor 2; DET1, De-Etiolated Homolog 1; DLX3, distal-less homeobox 3; DLX4, distal-less homeobox 4; EDNRA, endothelin receptor type A; FAM118A, family with 
sequence similarity 118 member A; FGF10, fibroblast growth factor 10; FOXL1, forkhead box L1; FUT2, fucosyltransferase 2; FZD1, frizzled class receptor 1; HIST1H2BE, histone 
cluster 1 H2B family member E; HLA, human leukocyte antigen; ID4, inhibitor of DNA binding 4; IFT88, intraflagellar transport 88; IL17D, interleukin 17D; INHBA, inhibin subunit 
beta A; ISG20, interferon stimulated exonuclease gene 20kDa; ISL1, ISL LIM homeobox 1; KRTCAP2, keratinocyte associated protein 2; LRRTM1, leucine rich repeat transmembrane 
neuronal 1; LYZL2, lysozyme like 2; MAMSTR, MEF2 activating motif and SAP domain containing transcriptional regulator; MC4R, melanocortin 4 receptor; MFGE8, milk fat globule-
EGF factor 8 protein; MIR3660, microRNA 3660; MIR4643, microRNA 4643; NAMPTP2, nicotinamide phosphoribosyltransferase pseudogene 2; NFX1, nuclear transcription factor, 
X-box binding 1; NKX2-3, NK2 Homeobox 3; PAPOLG, poly(A) polymerase gamma; PBX3, Pre-B-cell leukemia homeobox 3; PHYKPL, 5-phosphohydroxy-l-lysine phospho-lyase-like; 
PITX1-AS1, PITX1 antisense RNA 1; PKD2, polycystin 2, transient receptor potential cation channel; PTK2B, protein tyrosine kinase 2 beta; REL, Rel proto-oncogene, NF-kB subunit; 
RHOU, Ras homolog family member U; RMND5B, required for meiotic nuclear division 5 homolog B; RN7SKP246, RN7SK pseudogene 246; RPS6KA2, ribosomal protein S6 kinase 
A2; SCPP, secretory calcium-binding phosphoprotein family; SMAD7, SMAD family member 7; SMIM10L1, small integral membrane protein 10 like 1; SPTSSA, small proteolipid 
transmembrane alpha subunit; TAS2R14, taste receptor type 2 member 14; TAS2R3, taste receptor type 2 member 3; TAS2R38, taste receptor type 2 member 38; TAS2R4, taste 
receptor type 2 member 4; TAS2R43, taste receptor type 2 member 43; TASR25, taste receptor type 2 member 25; TGFB1, transforming growth factor beta receptor 1; TLN1, talin 
1; TLR2, Toll-like receptor 2; TWSG1, twisted gastrulation bmp signaling modulator 1; WNT10A, Wnt family member 10A.
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although the actual pathways are not yet fully understood. There-
fore, incorporating genetic aspects into theoretical models to ex-
plain dental caries may be proposed (Fig. 2). Thus, in addition to 
contextual factors, SNPs appear to influence individual suscepti-
bility to dental caries.

The observed inconsistencies in the literature can be attributed 
to various factors, such as differing categorizations of dental caries 
and the diverse age groups of the populations studied.9 Additional 
factors include diverse ethnic backgrounds, limited statistical pow-
er, linkage disequilibrium, and potential epistatic interactions, all 
of which can affect results. An important source of bias in genetic 
association studies is the ancestry of the population. Population 
stratification can confound genetic association results and cannot 
be ignored, as it may lead to failure to detect true associations or 
to false positives. Indeed, only a few studies have accounted for 
population stratification or controlled for genetic ancestry.9 Some 
studies controlled for population based on individuals’ self-report-
ed race; however, caution is warranted when using race as a proxy 
for ancestry because it may poorly correlate with genetic ancestry 
in some populations. Therefore, approaches that use a wide range 
of SNPs to characterize population ethnicity, considering resourc-
es such as the HapMap and Human Genome Diversity projects, 
represent a recent and promising strategy to address this issue.

Genetic association studies are more complex than genetic 
analyses based solely on recombination events during meiosis.28 
These complexities can introduce biases in associations between 
alleles/genotypes and phenotypes such as dental caries. SNPs devi-
ating from Hardy-Weinberg equilibrium (HWE) can lead to false-
positive associations, particularly if homozygotes are less frequent 
than expected. Significant deviations from HWE in a relatively 
homogeneous population may indicate genotyping errors or par-
ticipant selection bias.79 Therefore, it is crucial to ensure that target 
SNPs conform to HWE before performing association analyses.

When investigating the associations between different loci 
and a specific trait, especially when loci are closely located on 
the same chromosome, potential linkage disequilibrium must be 
considered.79 Linkage disequilibrium refers to the nonrandom as-
sociation of alleles at different loci.79 This linkage disequilibrium 
among SNPs has led some researchers to exclude SNPs in linkage 
disequilibrium from epistatic analyses. However, investigations 
into linkage disequilibrium are inconsistent in the literature, with 
some studies presenting these analyses and others not reporting 
them.80–84 Failure to assess linkage disequilibrium can introduce 
significant bias in study results.79

Bonferroni multiple test corrections must be applied to avoid 
type I errors (false positive associations). Type I errors occur when 

Fig. 2. Theoretical model of dental caries including genetic factors. The figure illustrates a multifactorial framework that integrates genetic, biological, 
behavioral, and environmental components involved in the development of dental caries. Genetic factors are positioned as upstream contributors that 
influence host susceptibility through multiple pathways—such as enamel formation, immune response, saliva composition, and taste perception—which, 
in turn, affect the individual’s interaction with cariogenic bacteria and dietary habits. The model emphasizes that dental caries is not solely a result of ex-
ternal factors (e.g., sugar intake, oral hygiene, education level, or income), but also a consequence of complex gene–environment interactions that shape 
individual risk profiles.
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a study incorrectly concludes that there is an association when 
none exists, often due to multiple comparisons inherent in genetic 
studies. The primary source of false positives is failure to control 
for multiple comparisons, such as through Bonferroni corrections 
in logistic regression analyses.81 Bonferroni corrections remain 
the standard approach for avoiding false positives, where the sig-
nificance level is adjusted by dividing α by the number of tests.85 
A recent systematic review found that few candidate gene studies 
investigating dental caries applied corrections for multiple com-
parisons.14 These methodological shortcomings may contribute to 
the inconsistent results observed in the literature.

Therefore, future studies should address these issues, and past 
findings should be interpreted with these limitations in mind. For 
population stratification, reliance on self-reported race or ethnic-
ity is insufficient, especially in admixed populations. Research-
ers should incorporate genomic control methods such as principal 
component analysis or mixed models using ancestry-informative 
markers, which robustly account for population structure. When 
interpreting prior studies lacking such controls, results should 
be viewed with caution, particularly in ethnically heterogeneous 
populations. Regarding HWE, deviations should not be treated 
as simple statistical anomalies but rather examined as poten-
tial indicators of genotyping errors, selection bias, or population 
substructure. Reports should explicitly describe how HWE was 
tested, the thresholds used, and whether any SNPs were excluded. 
In the context of linkage disequilibrium, detailed mapping of link-
age disequilibrium blocks and transparent reporting of r2 values 
or D’ measures are essential, particularly when interpreting asso-
ciations derived from candidate gene studies where nearby vari-
ants may confound results. For epistasis analyses, the traditional 
single-locus framework is inadequate to capture complex genetic 
architectures. Thus, robust approaches such as interaction models, 
polygenic risk scores, or network-based analyses should be em-
ployed. Findings from studies using only additive models or un-
corrected bivariate interactions should be considered preliminary. 
Finally, concerning multiple testing, failure to apply corrections 
like Bonferroni or false discovery rate adjustments undermines the 
credibility of positive findings. Future studies must explicitly re-
port the total number of comparisons and the adjusted significance 
thresholds used. Meta-research suggests that many inconsistencies 
in the literature could be resolved or better contextualized if such 
practices were adopted consistently. Therefore, when reviewing 
past literature, readers should weigh the strength of associations 
not only by p-values but also by methodological rigor, especially 
regarding statistical correction and population genetic validity.

Limitations
This review provides a narrative synthesis of the genetic epide-
miology of dental caries; however, as a literature review rather 
than a systematic review, it has inherent limitations. The absence 
of a predefined protocol or explicit inclusion/exclusion criteria for 
study selection may introduce selection bias, as the synthesis relies 
on the authors’ interpretation of relevant studies. Methodologi-
cal heterogeneity across included studies—such as variations in 
caries definitions (e.g., DMFT vs. ICDAS), genetic analysis ap-
proaches (candidate gene studies vs. GWAS), and population de-
mographics—limits direct comparability of findings. While efforts 
were made to include diverse perspectives, the narrative format 
may prioritize certain studies or pathways over others, potentially 
overlooking nuanced insights. These limitations highlight the need 
for future systematic reviews with meta-analyses to quantitatively 

integrate evidence and clarify the polygenic architecture of dental 
caries.

Conclusions
Dental caries is a complex, multifactorial disease mainly related 
to poor oral hygiene habits, high consumption of fermentable car-
bohydrates, and unfavorable socioeconomic status. Genetic epide-
miology studies have demonstrated that dental caries also has a 
genetic component, which can explain significant differences in 
individual risk. Although replication studies in diverse populations 
are still necessary, numerous SNPs and genes have been studied 
across various populations, showing associations with dental car-
ies. Future studies should consider diverse ethnic backgrounds 
in analyses, increase statistical power, evaluate linkage disequi-
librium, and explore potential epistatic interactions among SNPs. 
To strengthen the field, it is essential to promote larger, multieth-
nic studies and meta-analytic collaborations to advance scientific 
knowledge and facilitate translational impact. Ultimately, genetic 
studies may lead to the development of gene expression panels 
capable of identifying individuals at high risk for dental caries, 
paving the way for more personalized prevention strategies.

Acknowledgments
The present study originated from a thesis dissertation defended at 
the Federal University of Pelotas, Brazil. The study was archived 
in the university’s institutional repository, Guaiaca (guaiaca.ufpel.
edu.br), as part of the thesis submission process.

Funding
This work was supported by CAPES, Brazil.

Conflict of interest
The authors declare no conflicts of interest.

Author contributions
Research conception and design (LAC, MBC), data analysis (LAC, 
LCS), writing of the manuscript (LAC, LCS, RVC, FSC, FFD). All 
authors critically reviewed and approved the final manuscript.

References
[1] Machiulskiene V, Campus G, Carvalho JC, Dige I, Ekstrand KR, Jablon-

ski-Momeni A, et al. Terminology of Dental Caries and Dental Caries 
Management: Consensus Report of a Workshop Organized by ORCA 
and Cariology Research Group of IADR. Caries Res 2020;54(1):7–14. 
doi:10.1159/000503309, PMID:31590168.

[2] Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur 
MR, et al. Oral diseases: a global public health challenge. Lancet 2019; 
394(10194):249–260. doi:10.1016/S0140-6736(19)31146-8, PMID: 
31327369.

[3] Ward ZJ, Goldie SJ. Global Burden of Disease Study 2021 es-
timates: implications for health policy and research. Lancet 
2024;403(10440):1958–1959. doi:10.1016/S0140-6736(24)00812-2, 
PMID:38642567.

[4] Costa FDS, Costa CDS, Chisini LA, Wendt A, Santos IDSD, Matijase-
vich A, et al. Socio-economic inequalities in dental pain in children: A 
birth cohort study. Community Dent Oral Epidemiol 2022;50(5):360–
366. doi:10.1111/cdoe.12660, PMID:34137065.

https://doi.org/10.14218/GE.2025.00018
https://doi.org/10.1159/000503309
http://www.ncbi.nlm.nih.gov/pubmed/31590168
https://doi.org/10.1016/S0140-6736(19)31146-8
http://www.ncbi.nlm.nih.gov/pubmed/31327369
https://doi.org/10.1016/S0140-6736(24)00812-2
http://www.ncbi.nlm.nih.gov/pubmed/38642567
https://doi.org/10.1111/cdoe.12660
http://www.ncbi.nlm.nih.gov/pubmed/34137065


DOI: 10.14218/GE.2025.00018  |  Volume 00 Issue 00, Month Year 9

Chisini L.A. et al: Genetic epidemiology of caries Gene Expr

[5] Demarco FF, Chisini LA, van de Sande FH, Correa MB, Cenci 
MS. Chapter 9.4: Operative Treatment and Monitoring of Coro-
nal Caries in Daily Practice. Monogr Oral Sci 2023;31:188–204. 
doi:10.1159/000530611, PMID:37364560.

[6] Marquezan PK, Comim LD, Racki DNO, Dalla Nora Â, Alves LS, Ze-
nkner JEDA. Association between underlying dentin shadows (ICDAS 
4) and OHRQoL among adolescents from southern Brazil. Braz Oral 
Res 2024;38:e046. doi:10.1590/1807-3107bor-2024.vol38.0046, 
PMID:38922206.

[7] Slade GD, Sanders AE, Do L, Roberts-Thomson K, Spencer AJ. Effects 
of fluoridated drinking water on dental caries in Australian adults. 
J Dent Res 2013;92(4):376–382. doi:10.1177/0022034513481190, 
PMID:23456704.

[8] van Loveren C, Duggal MS. The role of diet in caries prevention. Int 
Dent J 2001;51(Suppl 6):399–406. doi:10.1111/j.1875-595x.2001.
tb00586.x, PMID:11794561.

[9] Vieira AR, Modesto A, Marazita ML. Caries: review of human genetics 
research. Caries Res 2014;48(5):491–506. doi:10.1159/000358333, 
PMID:24853115.

[10] Alotaibi RN, Howe BJ, Chernus JM, Mukhopadhyay N, Sanchez C, De-
leyiannis FWB, et al. Genome-Wide Association Study (GWAS) of den-
tal caries in diverse populations. BMC Oral Health 2021;21(1):377. 
doi:10.1186/s12903-021-01670-5, PMID:34311721.

[11] Chisini LA, Varella de Carvalho R, Dos Santos Costa F, Salvi LC, Demar-
co FF, Britto Correa M. Genes and single nucleotide polymorphisms 
in the pathway of saliva and dental caries: a systematic review and 
meta-analysis. Biofouling 2023;39(1):8–23. doi:10.1080/08927014.2
022.2162891, PMID:36644905.

[12] Chisini LA, Cademartori MG, Conde MCM, Costa FDS, Tovo-Rodrigues 
L, Carvalho RV, et al. Genes and SNPs in the pathway of immune re-
sponse and caries risk: a systematic review and meta-analysis. Bio-
fouling 2020;36(9):1100–1116. doi:10.1080/08927014.2020.185682
1, PMID:33327793.

[13] Chisini LA, Cademartori MG, Conde MCM, Costa FDS, Salvi LC, Tovo-
Rodrigues L, et al. Single nucleotide polymorphisms of taste genes 
and caries: a systematic review and meta-analysis. Acta Odontol 
Scand 2021;79(2):147–155. doi:10.1080/00016357.2020.1832253, 
PMID:33103533.

[14] Chisini LA, Cademartori MG, Conde MCM, Tovo-Rodrigues L, Cor-
rea MB. Genes in the pathway of tooth mineral tissues and dental 
caries risk: a systematic review and meta-analysis. Clin Oral Investig 
2020;24(11):3723–3738. doi:10.1007/s00784-019-03146-x, PMID: 
32945961.

[15] Li Y, Zhang L, Cen W, Yuan Y. Association of KLK4 rs2235091 poly-
morphism with susceptibility to dental caries: a systematic review 
and meta-analysis. Front Pediatr 2023;11:1236000. doi:10.3389/
fped.2023.1236000, PMID:37711595.

[16] Sharma A, Patil SS, Muthu MS, Venkatesan V, Kirubakaran R, Nuvvula 
S, et al. Single nucleotide polymorphisms of enamel formation genes 
and early childhood caries - systematic review, gene-based, gene clus-
ter and meta-analysis. J Indian Soc Pedod Prev Dent 2023;41(1):3–
15. doi:10.4103/jisppd.jisppd_78_23, PMID:37282406.

[17] Chisini LA, Salvi LC, de Carvalho RV, Dos Santos Costa F, Demarco FF, Cor-
rea MB. Pathways of the vitamin D receptor gene and dental caries: A 
systematic review and meta-analysis. Arch Oral Biol 2025;173:106195. 
doi:10.1016/j.archoralbio.2025.106195, PMID:39986212.

[18] Qin X, Wang M, Wang L, Xu Y, Xiong S. Association of vitamin D recep-
tor gene polymorphisms with caries risk in children: a systematic re-
view and meta-analysis. BMC Pediatr 2024;24(1):650. doi:10.1186/
s12887-024-05127-w, PMID:39394075.

[19] Hemati G, Imani MM, Choubsaz P, Inchingolo F, Sharifi R, Sadeghi 
M, et al. Evaluation of Beta-Defensin 1 and Mannose-Binding Lec-
tin 2 Polymorphisms in Children with Dental Caries Compared 
to Caries-Free Controls: A Systematic Review and Meta-Analysis. 
Children (Basel) 2023;10(2):232. doi:10.3390/children10020232, 
PMID:36832361.

[20] Lips A, Antunes LS, Antunes LA, Pintor AVB, Santos DABD, Bachinski 
R, et al. Salivary protein polymorphisms and risk of dental caries: a 
systematic review. Braz Oral Res 2017;31:e41. doi:10.1590/1807-
3107BOR-2017.vol31.0041, PMID:28591238.

[21] Aruna P, Patil SS, Muthu MS, Vettriselvi V, Arockiam S, Kiruba-

karan R, et al. Association between polymorphisms of immune re-
sponse genes and early childhood caries - systematic review, gene-
based, gene cluster, and meta-analysis. J Genet Eng Biotechnol 
2023;21(1):124. doi:10.1186/s43141-023-00566-x, PMID:37971556.

[22] González-Casamada C, Molina-Frechero N, Espinosa-Cristóbal LF, 
García-López S, Castañeda-Castaneira E. [Polymorphisms associated 
with dental caries in pediatric populations: a systematic review]. Rev 
Med Inst Mex Seguro Soc 2023;61(4):502–508. doi:10.5281/zeno-
do.8200501, PMID:37540722.

[23] Dos Anjos AMC, Moura de Lima MD, Muniz FWMG, Lima CCB, Moura 
LFAD, Rösing CK, et al. Is there an association between dental caries 
and genetics? Systematic review and meta-analysis of studies with 
twins. J Dent 2023;135:104586. doi:10.1016/j.jdent.2023.104586, 
PMID:37339689.

[24] Boraas JC, Messer LB, Till MJ. A genetic contribution to dental caries, 
occlusion, and morphology as demonstrated by twins reared apart. 
J Dent Res 1988;67(9):1150–1155. doi:10.1177/0022034588067009
0201, PMID:3165997.

[25] Conry JP, Messer LB, Boraas JC, Aeppli DP, Bouchard TJ Jr. Dental car-
ies and treatment characteristics in human twins reared apart. Arch 
Oral Biol 1993;38(11):937–943. doi:10.1016/0003-9969(93)90106-v, 
PMID:8297257.

[26] Bretz WA, Corby PM, Schork NJ, Robinson MT, Coelho M, Costa S, et 
al. Longitudinal analysis of heritability for dental caries traits. J Dent 
Res 2005;84(11):1047–1051. doi:10.1177/154405910508401115, 
PMID:16246939.

[27] Wright JT. Defining the contribution of genetics in the eti-
ology of dental caries. J Dent Res 2010;89(11):1173–1174. 
doi:10.1177/0022034510379828, PMID:20858774.

[28] Fries N, Haworth S, Shaffer JR, Esberg A, Divaris K, Marazita ML, et al. A 
Polygenic Score Predicts Caries Experience in Elderly Swedish Adults. 
J Dent Res 2024;103(5):502–508. doi:10.1177/00220345241232330, 
PMID:38584306.

[29] Laajala A, Pesonen P, Alaraudanjoki V, Anttonen V, Laitala ML. Ge-
nome-wide association study identifies novel caries-associated loci 
showing sex-specificity-A study on the Northern Finland Birth Cohort 
1966. Eur J Oral Sci 2023;131(5-6):e12953. doi:10.1111/eos.12953, 
PMID:37707347.

[30] Shaffer JR, Feingold E, Wang X, Lee M, Tcuenco K, Weeks DE, et 
al. GWAS of dental caries patterns in the permanent dentition. 
J Dent Res 2013;92(1):38–44. doi:10.1177/0022034512463579, 
PMID:23064961.

[31] Shungin D, Haworth S, Divaris K, Agler CS, Kamatani Y, Keun Lee M, 
et al. Genome-wide analysis of dental caries and periodontitis com-
bining clinical and self-reported data. Nat Commun 2019;10(1):2773. 
doi:10.1038/s41467-019-10630-1, PMID:31235808.

[32] Zeng Z, Shaffer JR, Wang X, Feingold E, Weeks DE, Lee M, et al. Ge-
nome-wide association studies of pit-and-fissure- and smooth-sur-
face caries in permanent dentition. J Dent Res 2013;92(5):432–437. 
doi:10.1177/0022034513481976, PMID:23470693.

[33] Panoutsopoulou K, Wheeler E. Key Concepts in Genetic Epidemiol-
ogy. Methods Mol Biol 2018;1793:7–24. doi:10.1007/978-1-4939-
7868-7_2, PMID:29876888.

[34] Teare MD, Koref MF. Terminology, concepts, and models in genetic 
epidemiology. Methods Mol Biol 2011;713:13–25. doi:10.1007/978-
1-60327-416-6_2, PMID:21153608.

[35] Cavallari T, Arima LY, Ferrasa A, Moysés SJ, Tetu Moysés S, Hirochi 
Herai R, et al. Dental caries: Genetic and protein interactions. Arch 
Oral Biol 2019;108:104522. doi:10.1016/j.archoralbio.2019.104522, 
PMID:31476523.

[36] Jeremias F, Koruyucu M, Küchler EC, Bayram M, Tuna EB, Deeley K, et 
al. Genes expressed in dental enamel development are associated with 
molar-incisor hypomineralization. Arch Oral Biol 2013;58(10):1434–
1442. doi:10.1016/j.archoralbio.2013.05.005, PMID:23790503.

[37] Mu Y, Tian R, Xiao L, Sun D, Zhang Z, Xu S, et al. Molecular Evolution 
of Tooth-Related Genes Provides New Insights into Dietary Adapta-
tions of Mammals. J Mol Evol 2021;89(7):458–471. doi:10.1007/
s00239-021-10017-1, PMID:34287664.

[38] Olszowski T, Adler G, Janiszewska-Olszowska J, Safranow K, Kacz-
marczyk M. MBL2, MASP2, AMELX, and ENAM gene polymorphisms 
and dental caries in Polish children. Oral Dis 2012;18(4):389–395. 

https://doi.org/10.14218/GE.2025.00018
https://doi.org/10.1159/000530611
http://www.ncbi.nlm.nih.gov/pubmed/37364560
https://doi.org/10.1590/1807-3107bor-2024.vol38.0046
http://www.ncbi.nlm.nih.gov/pubmed/38922206
https://doi.org/10.1177/0022034513481190
http://www.ncbi.nlm.nih.gov/pubmed/23456704
https://doi.org/10.1111/j.1875-595x.2001.tb00586.x
https://doi.org/10.1111/j.1875-595x.2001.tb00586.x
http://www.ncbi.nlm.nih.gov/pubmed/11794561
https://doi.org/10.1159/000358333
http://www.ncbi.nlm.nih.gov/pubmed/24853115
https://doi.org/10.1186/s12903-021-01670-5
http://www.ncbi.nlm.nih.gov/pubmed/34311721
https://doi.org/10.1080/08927014.2022.2162891
https://doi.org/10.1080/08927014.2022.2162891
http://www.ncbi.nlm.nih.gov/pubmed/36644905
https://doi.org/10.1080/08927014.2020.1856821
https://doi.org/10.1080/08927014.2020.1856821
http://www.ncbi.nlm.nih.gov/pubmed/33327793
https://doi.org/10.1080/00016357.2020.1832253
http://www.ncbi.nlm.nih.gov/pubmed/33103533
https://doi.org/10.1007/s00784-019-03146-x
http://www.ncbi.nlm.nih.gov/pubmed/32945961
https://doi.org/10.3389/fped.2023.1236000
https://doi.org/10.3389/fped.2023.1236000
http://www.ncbi.nlm.nih.gov/pubmed/37711595
https://doi.org/10.4103/jisppd.jisppd_78_23
http://www.ncbi.nlm.nih.gov/pubmed/37282406
https://doi.org/10.1016/j.archoralbio.2025.106195
http://www.ncbi.nlm.nih.gov/pubmed/39986212
https://doi.org/10.1186/s12887-024-05127-w
https://doi.org/10.1186/s12887-024-05127-w
http://www.ncbi.nlm.nih.gov/pubmed/39394075
https://doi.org/10.3390/children10020232
http://www.ncbi.nlm.nih.gov/pubmed/36832361
https://doi.org/10.1590/1807-3107BOR-2017.vol31.0041
https://doi.org/10.1590/1807-3107BOR-2017.vol31.0041
http://www.ncbi.nlm.nih.gov/pubmed/28591238
https://doi.org/10.1186/s43141-023-00566-x
http://www.ncbi.nlm.nih.gov/pubmed/37971556
https://doi.org/10.5281/zenodo.8200501
https://doi.org/10.5281/zenodo.8200501
http://www.ncbi.nlm.nih.gov/pubmed/37540722
https://doi.org/10.1016/j.jdent.2023.104586
http://www.ncbi.nlm.nih.gov/pubmed/37339689
https://doi.org/10.1177/00220345880670090201
https://doi.org/10.1177/00220345880670090201
http://www.ncbi.nlm.nih.gov/pubmed/3165997
https://doi.org/10.1016/0003-9969(93)90106-v
http://www.ncbi.nlm.nih.gov/pubmed/8297257
https://doi.org/10.1177/154405910508401115
http://www.ncbi.nlm.nih.gov/pubmed/16246939
https://doi.org/10.1177/0022034510379828
http://www.ncbi.nlm.nih.gov/pubmed/20858774
https://doi.org/10.1177/00220345241232330
http://www.ncbi.nlm.nih.gov/pubmed/38584306
https://doi.org/10.1111/eos.12953
http://www.ncbi.nlm.nih.gov/pubmed/37707347
https://doi.org/10.1177/0022034512463579
http://www.ncbi.nlm.nih.gov/pubmed/23064961
https://doi.org/10.1038/s41467-019-10630-1
http://www.ncbi.nlm.nih.gov/pubmed/31235808
https://doi.org/10.1177/0022034513481976
http://www.ncbi.nlm.nih.gov/pubmed/23470693
https://doi.org/10.1007/978-1-4939-7868-7_2
https://doi.org/10.1007/978-1-4939-7868-7_2
http://www.ncbi.nlm.nih.gov/pubmed/29876888
https://doi.org/10.1007/978-1-60327-416-6_2
https://doi.org/10.1007/978-1-60327-416-6_2
http://www.ncbi.nlm.nih.gov/pubmed/21153608
https://doi.org/10.1016/j.archoralbio.2019.104522
http://www.ncbi.nlm.nih.gov/pubmed/31476523
https://doi.org/10.1016/j.archoralbio.2013.05.005
http://www.ncbi.nlm.nih.gov/pubmed/23790503
https://doi.org/10.1007/s00239-021-10017-1
https://doi.org/10.1007/s00239-021-10017-1
http://www.ncbi.nlm.nih.gov/pubmed/34287664


DOI: 10.14218/GE.2025.00018  |  Volume 00 Issue 00, Month Year10

Chisini L.A. et al: Genetic epidemiology of cariesGene Expr

doi:10.1111/j.1601-0825.2011.01887.x, PMID:22221294.
[39] Fanchon S, Bourd K, Septier D, Everts V, Beertsen W, Menashi S, et al. 

Involvement of matrix metalloproteinases in the onset of dentin min-
eralization. Eur J Oral Sci 2004;112(2):171–176. doi:10.1111/j.1600-
0722.2004.00120.x, PMID:15056115.

[40] Caron C, Xue J, Sun X, Simmer JP, Bartlett JD. Gelatinase A (MMP-
2) in developing tooth tissues and amelogenin hydrolysis. J Dent 
Res 2001;80(7):1660–1664. doi:10.1177/00220345010800071201, 
PMID:11597028.

[41] Toledano M, Nieto-Aguilar R, Osorio R, Campos A, Osorio E, Tay FR, et 
al. Differential expression of matrix metalloproteinase-2 in human cor-
onal and radicular sound and carious dentine. J Dent 2010;38(8):635–
640. doi:10.1016/j.jdent.2010.05.001, PMID:20452393.

[42] Wang X, Shaffer JR, Zeng Z, Begum F, Vieira AR, Noel J, et al. Ge-
nome-wide association scan of dental caries in the permanent den-
tition. BMC Oral Health 2012;12:57. doi:10.1186/1472-6831-12-57, 
PMID:23259602.

[43] Gachova D, Lipovy B, Deissova T, Izakovicova Holla L, Danek Z, Bo-
rilova Linhartova P. Polymorphisms in genes expressed during amelo-
genesis and their association with dental caries: a case-control study. 
Clin Oral Investig 2023;27(4):1681–1695. doi:10.1007/s00784-022-
04794-2, PMID:36422720.

[44] Chisini LA, Santos FDC, de Carvalho RV, Horta BL, Tovo-Rodrigues L, 
Demarco FF, et al. Impact of tooth mineral tissues genes on dental 
caries: A birth-cohort study. J Dent 2023;133:104505. doi:10.1016/j.
jdent.2023.104505, PMID:37031884.

[45] Hejazi J, Amiri R, Nozarian S, Tavasolian R, Rahimlou M. Genetic de-
terminants of food preferences: a systematic review of observational 
studies. BMC Nutr 2024;10(1):24. doi:10.1186/s40795-024-00828-y, 
PMID:38308303.

[46] Feng P, Wang H, Liang X, Dong X, Liang Q, Shu F, et al. Relation-
ships between Bitter Taste Receptor Gene Evolution, Diet, and Gene 
Repertoire in Primates. Genome Biol Evol 2024;16(5):evae104. 
doi:10.1093/gbe/evae104, PMID:38748818.

[47] Nishihara H, Toda Y, Kuramoto T, Kamohara K, Goto A, Hoshino K, 
et al. A vertebrate-wide catalogue of T1R receptors reveals diversity 
in taste perception. Nat Ecol Evol 2024;8(1):111–120. doi:10.1038/
s41559-023-02258-8, PMID:38093021.

[48] Zheng H, Xu X, Fang Y, Sun R, Liu B. The Molecular Theory of Sweet 
Taste: Revisit, Update, and Beyond. J Med Chem 2024;67(5):3232–
3243. doi:10.1021/acs.jmedchem.3c02055, PMID:38482829.

[49] Lif Holgerson P, Hasslöf P, Esberg A, Haworth S, Domellöf M, West CE, 
et al. Genetic Preference for Sweet Taste in Mothers Associates with 
Mother-Child Preference and Intake. Nutrients 2023;15(11):2565. 
doi:10.3390/nu15112565, PMID:37299528.

[50] Kiliç M, Gurbuz T, Kahraman CY, Cayir A, Bilgiç A, Kurt Y. Relation-
ship between the TAS2R38 and TAS1R2 polymorphisms and the den-
tal status in obese children. Dent Med Probl 2022;59(2):233–240. 
doi:10.17219/dmp/143252, PMID:35510485.

[51] Orlova E, Dudding T, Chernus JM, Alotaibi RN, Haworth S, Crout RJ, 
et al. Association of Early Childhood Caries with Bitter Taste Recep-
tors: A Meta-Analysis of Genome-Wide Association Studies and 
Transcriptome-Wide Association Study. Genes (Basel) 2022;14(1):59. 
doi:10.3390/genes14010059, PMID:36672800.

[52] Liao J, Schultz PG. Three sweet receptor genes are clustered in human 
chromosome 1. Mamm Genome 2003;14(5):291–301. doi:10.1007/
s00335-002-2233-0, PMID:12856281.

[53] Fushan AA, Simons CT, Slack JP, Manichaikul A, Drayna D. Allelic 
polymorphism within the TAS1R3 promoter is associated with hu-
man taste sensitivity to sucrose. Curr Biol 2009;19(15):1288–1293. 
doi:10.1016/j.cub.2009.06.015, PMID:19559618.

[54] Choi JH, Lee J, Yang S, Kim J. Genetic variations in taste perception 
modify alcohol drinking behavior in Koreans. Appetite 2017;113:178–
186. doi:10.1016/j.appet.2017.02.022, PMID:28232057.

[55] Haznedaroğlu E, Koldemir-Gündüz M, Bakır-Coşkun N, Bozkuş HM, 
Çağatay P, Süsleyici-Duman B, et al. Association of sweet taste re-
ceptor gene polymorphisms with dental caries experience in school 
children. Caries Res 2015;49(3):275–281. doi:10.1159/000381426, 
PMID:25924601.

[56] Chisini LA, Costa FDS, Horta BL, Tovo-Rodrigues L, Demarco 
FF, Correa MB. Sweet Taste Receptor Gene and Caries Tra-

jectory in the Life Course. J Dent Res 2023;102(4):422–430. 
doi:10.1177/00220345221138569, PMID:36609159.

[57] Cury JA, Ricomini-Filho AP, Tabchoury CPM. Chapter 5.1: Physico-
chemical Interactions between Enamel and Oral Fluids. Monogr Oral 
Sci 2023;31:50–61. doi:10.1159/000530559, PMID:37364552.

[58] Peres RC, Camargo G, Mofatto LS, Cortellazzi KL, Santos MC, Nobre-
dos-Santos M, et al. Association of polymorphisms in the carbonic 
anhydrase 6 gene with salivary buffer capacity, dental plaque pH, 
and caries index in children aged 7-9 years. Pharmacogenomics J 
2010;10(2):114–119. doi:10.1038/tpj.2009.37, PMID:19721466.

[59] Esberg A, Haworth S, Brunius C, Lif Holgerson P, Johansson I. Carbon-
ic Anhydrase 6 Gene Variation influences Oral Microbiota Composi-
tion and Caries Risk in Swedish adolescents. Sci Rep 2019;9(1):452. 
doi:10.1038/s41598-018-36832-z, PMID:30679524.

[60] Bardow A, Moe D, Nyvad B, Nauntofte B. The buffer capacity and 
buffer systems of human whole saliva measured without loss of CO2. 
Arch Oral Biol 2000;45(1):1–12. doi:10.1016/s0003-9969(99)00119-
3, PMID:10669087.

[61] Frenkel ES, Ribbeck K. Salivary mucins protect surfaces from coloniza-
tion by cariogenic bacteria. Appl Environ Microbiol 2015;81(1):332–
338. doi:10.1128/AEM.02573-14, PMID:25344244.

[62] Cavallari T, Salomão H, Moysés ST, Moysés SJ, Werneck RI. The im-
pact of MUC5B gene on dental caries. Oral Dis 2018;24(3):372–376. 
doi:10.1111/odi.12784, PMID:28944591.

[63] Krane CM, Melvin JE, Nguyen HV, Richardson L, Towne JE, Doetschman 
T, et al. Salivary acinar cells from aquaporin 5-deficient mice have 
decreased membrane water permeability and altered cell volume 
regulation. J Biol Chem 2001;276(26):23413–23420. doi:10.1074/
jbc.M008760200, PMID:11290736.

[64] Anjomshoaa I, Briseño-Ruiz J, Deeley K, Poletta FA, Mereb JC, Leite 
AL, et al. Aquaporin 5 Interacts with Fluoride and Possibly Protects 
against Caries. PLoS One 2015;10(12):e0143068. doi:10.1371/jour-
nal.pone.0143068, PMID:26630491.

[65] Culp DJ, Quivey RQ, Bowen WH, Fallon MA, Pearson SK, Fausto-
ferri R. A mouse caries model and evaluation of aqp5-/- knockout 
mice. Caries Res 2005;39(6):448–454. doi:10.1159/000088179, 
PMID:16251788.

[66] Morrison J, Laurie CC, Marazita ML, Sanders AE, Offenbacher S, Sala-
zar CR, et al. Genome-wide association study of dental caries in the 
Hispanic Communities Health Study/Study of Latinos (HCHS/SOL). 
Hum Mol Genet 2016;25(4):807–816. doi:10.1093/hmg/ddv506, 
PMID:26662797.

[67] Govil M, Mukhopadhyay N, Weeks DE, Feingold E, Shaffer JR, Levy 
SM, et al. Novel caries loci in children and adults implicated by 
genome-wide analysis of families. BMC Oral Health 2018;18(1):98. 
doi:10.1186/s12903-018-0559-6, PMID:29859070.

[68] Haworth S, Shungin D, van der Tas JT, Vucic S, Medina-Gomez C, 
Yakimov V, et al. Consortium-based genome-wide meta-analysis for 
childhood dental caries traits. Hum Mol Genet 2018;27(17):3113–
3127. doi:10.1093/hmg/ddy237, PMID:29931343.

[69] Orlova E, Carlson JC, Lee MK, Feingold E, McNeil DW, Crout RJ, et 
al. Pilot GWAS of caries in African-Americans shows genetic hetero-
geneity. BMC Oral Health 2019;19(1):215. doi:10.1186/s12903-019-
0904-4, PMID:31533690.

[70] Wang Y, Bandyopadhyay D, Shaffer JR, Wu X. Gene-Based Association 
Mapping for Dental Caries in The GENEVA Consortium. J Dent Dent 
Med 2020;3(4):156. PMID:34622142.

[71] Olatosi OO, Li M, Alade AA, Oyapero A, Busch T, Pape J, et al. Replica-
tion of GWAS significant loci in a sub-Saharan African Cohort with 
early childhood caries: a pilot study. BMC Oral Health 2021;21(1):274. 
doi:10.1186/s12903-021-01623-y, PMID:34016088.

[72] Piekoszewska-Ziętek P, Turska-Szybka A, Olczak-Kowalczyk D. 
Single Nucleotide Polymorphism in the Aetiology of Caries: Sys-
tematic Literature Review. Caries Res 2017;51(4):425–435. 
doi:10.1159/000476075, PMID:28668961.

[73] Garred P, Genster N, Pilely K, Bayarri-Olmos R, Rosbjerg A, Ma YJ, et 
al. A journey through the lectin pathway of complement-MBL and 
beyond. Immunol Rev 2016;274(1):74–97. doi:10.1111/imr.12468, 
PMID:27782323.

[74] Alyousef YM, Borgio JF, AbdulAzeez S, Al-Masoud N, Al-Ali AA, Al-
Shwaimi E, et al. Association of MBL2 Gene Polymorphism with 

https://doi.org/10.14218/GE.2025.00018
https://doi.org/10.1111/j.1601-0825.2011.01887.x
http://www.ncbi.nlm.nih.gov/pubmed/22221294
https://doi.org/10.1111/j.1600-0722.2004.00120.x
https://doi.org/10.1111/j.1600-0722.2004.00120.x
http://www.ncbi.nlm.nih.gov/pubmed/15056115
https://doi.org/10.1177/00220345010800071201
http://www.ncbi.nlm.nih.gov/pubmed/11597028
https://doi.org/10.1016/j.jdent.2010.05.001
http://www.ncbi.nlm.nih.gov/pubmed/20452393
https://doi.org/10.1186/1472-6831-12-57
http://www.ncbi.nlm.nih.gov/pubmed/23259602
https://doi.org/10.1007/s00784-022-04794-2
https://doi.org/10.1007/s00784-022-04794-2
http://www.ncbi.nlm.nih.gov/pubmed/36422720
https://doi.org/10.1016/j.jdent.2023.104505
https://doi.org/10.1016/j.jdent.2023.104505
http://www.ncbi.nlm.nih.gov/pubmed/37031884
https://doi.org/10.1186/s40795-024-00828-y
http://www.ncbi.nlm.nih.gov/pubmed/38308303
https://doi.org/10.1093/gbe/evae104
http://www.ncbi.nlm.nih.gov/pubmed/38748818
https://doi.org/10.1038/s41559-023-02258-8
https://doi.org/10.1038/s41559-023-02258-8
http://www.ncbi.nlm.nih.gov/pubmed/38093021
https://doi.org/10.1021/acs.jmedchem.3c02055
http://www.ncbi.nlm.nih.gov/pubmed/38482829
https://doi.org/10.3390/nu15112565
http://www.ncbi.nlm.nih.gov/pubmed/37299528
https://doi.org/10.17219/dmp/143252
http://www.ncbi.nlm.nih.gov/pubmed/35510485
https://doi.org/10.3390/genes14010059
http://www.ncbi.nlm.nih.gov/pubmed/36672800
https://doi.org/10.1007/s00335-002-2233-0
https://doi.org/10.1007/s00335-002-2233-0
http://www.ncbi.nlm.nih.gov/pubmed/12856281
https://doi.org/10.1016/j.cub.2009.06.015
http://www.ncbi.nlm.nih.gov/pubmed/19559618
https://doi.org/10.1016/j.appet.2017.02.022
http://www.ncbi.nlm.nih.gov/pubmed/28232057
https://doi.org/10.1159/000381426
http://www.ncbi.nlm.nih.gov/pubmed/25924601
https://doi.org/10.1177/00220345221138569
http://www.ncbi.nlm.nih.gov/pubmed/36609159
https://doi.org/10.1159/000530559
http://www.ncbi.nlm.nih.gov/pubmed/37364552
https://doi.org/10.1038/tpj.2009.37
http://www.ncbi.nlm.nih.gov/pubmed/19721466
https://doi.org/10.1038/s41598-018-36832-z
http://www.ncbi.nlm.nih.gov/pubmed/30679524
https://doi.org/10.1016/s0003-9969(99)00119-3
https://doi.org/10.1016/s0003-9969(99)00119-3
http://www.ncbi.nlm.nih.gov/pubmed/10669087
https://doi.org/10.1128/AEM.02573-14
http://www.ncbi.nlm.nih.gov/pubmed/25344244
https://doi.org/10.1111/odi.12784
http://www.ncbi.nlm.nih.gov/pubmed/28944591
https://doi.org/10.1074/jbc.M008760200
https://doi.org/10.1074/jbc.M008760200
http://www.ncbi.nlm.nih.gov/pubmed/11290736
https://doi.org/10.1371/journal.pone.0143068
https://doi.org/10.1371/journal.pone.0143068
http://www.ncbi.nlm.nih.gov/pubmed/26630491
https://doi.org/10.1159/000088179
http://www.ncbi.nlm.nih.gov/pubmed/16251788
https://doi.org/10.1093/hmg/ddv506
http://www.ncbi.nlm.nih.gov/pubmed/26662797
https://doi.org/10.1186/s12903-018-0559-6
http://www.ncbi.nlm.nih.gov/pubmed/29859070
https://doi.org/10.1093/hmg/ddy237
http://www.ncbi.nlm.nih.gov/pubmed/29931343
https://doi.org/10.1186/s12903-019-0904-4
https://doi.org/10.1186/s12903-019-0904-4
http://www.ncbi.nlm.nih.gov/pubmed/31533690
http://www.ncbi.nlm.nih.gov/pubmed/34622142
https://doi.org/10.1186/s12903-021-01623-y
http://www.ncbi.nlm.nih.gov/pubmed/34016088
https://doi.org/10.1159/000476075
http://www.ncbi.nlm.nih.gov/pubmed/28668961
https://doi.org/10.1111/imr.12468
http://www.ncbi.nlm.nih.gov/pubmed/27782323


DOI: 10.14218/GE.2025.00018  |  Volume 00 Issue 00, Month Year 11

Chisini L.A. et al: Genetic epidemiology of caries Gene Expr

Dental Caries in Saudi Children. Caries Res 2017;51(1):12–16. 
doi:10.1159/000450963, PMID:27894112.

[75] Kruzel ML, Zimecki M, Actor JK. Lactoferrin in a Context of Inflamma-
tion-Induced Pathology. Front Immunol 2017;8:1438. doi:10.3389/
fimmu.2017.01438, PMID:29163511.

[76] Fine DH. Lactoferrin: A Roadmap to the Borderland between Car-
ies and Periodontal Disease. J Dent Res 2015;94(6):768–776. 
doi:10.1177/0022034515577413, PMID:25784250.

[77] Doetzer AD, Brancher JA, Pecharki GD, Schlipf N, Werneck R, Mira MT, 
et al. Lactotransferrin Gene Polymorphism Associated with Caries Ex-
perience. Caries Res 2015;49(4):370–377. doi:10.1159/000366211, 
PMID:25998152.

[78] Azevedo LF, Pecharki GD, Brancher JA, Cordeiro CA Jr, Medeiros KG, An-
tunes AA, et al. Analysis of the association between lactotransferrin (LTF) 
gene polymorphism and dental caries. J Appl Oral Sci 2010;18(2):166–
170. doi:10.1590/s1678-77572010000200011, PMID:20485928.

[79] Slatkin M. Linkage disequilibrium—understanding the evolutionary 
past and mapping the medical future. Nat Rev Genet 2008;9(6):477–
485. doi:10.1038/nrg2361, PMID:18427557.

[80] Deeley K, Letra A, Rose EK, Brandon CA, Resick JM, Marazita ML, 
et al. Possible association of amelogenin to high caries experience 
in a Guatemalan-Mayan population. Caries Res 2008;42(1):8–13. 

doi:10.1159/000111744, PMID:18042988.
[81] Shimizu T, Ho B, Deeley K, Briseño-Ruiz J, Faraco IM Jr, Schupack 

BI, et al. Enamel formation genes influence enamel microhardness 
before and after cariogenic challenge. PLoS One 2012;7(9):e45022. 
doi:10.1371/journal.pone.0045022, PMID:23028741.

[82] Gerreth K, Zaorska K, Zabel M, Borysewicz-Lewicka M, Nowicki M. 
Chosen single nucleotide polymorphisms (SNPs) of enamel forma-
tion genes and dental caries in a population of Polish children. Adv 
Clin Exp Med 2017;26(6):899–905. doi:10.17219/acem/63024, 
PMID:29068589.

[83] Patir A, Seymen F, Yildirim M, Deeley K, Cooper ME, Marazita 
ML, et al. Enamel formation genes are associated with high car-
ies experience in Turkish children. Caries Res 2008;42(5):394–400. 
doi:10.1159/000154785, PMID:18781068.

[84] Ergöz N, Seymen F, Gencay K, Tamay Z, Deeley K, Vinski S, et al. Ge-
netic variation in Ameloblastin is associated with caries in asthmatic 
children. Eur Arch Paediatr Dent 2014;15(3):211–216. doi:10.1007/
s40368-013-0096-6, PMID:24203249.

[85] Gao X, Starmer J, Martin ER. A multiple testing correction method 
for genetic association studies using correlated single nucleotide 
polymorphisms. Genet Epidemiol 2008;32(4):361–369. doi:10.1002/
gepi.20310, PMID:18271029.

https://doi.org/10.14218/GE.2025.00018
https://doi.org/10.1159/000450963
http://www.ncbi.nlm.nih.gov/pubmed/27894112
https://doi.org/10.3389/fimmu.2017.01438
https://doi.org/10.3389/fimmu.2017.01438
http://www.ncbi.nlm.nih.gov/pubmed/29163511
https://doi.org/10.1177/0022034515577413
http://www.ncbi.nlm.nih.gov/pubmed/25784250
https://doi.org/10.1159/000366211
http://www.ncbi.nlm.nih.gov/pubmed/25998152
https://doi.org/10.1590/s1678-77572010000200011
http://www.ncbi.nlm.nih.gov/pubmed/20485928
https://doi.org/10.1038/nrg2361
http://www.ncbi.nlm.nih.gov/pubmed/18427557
https://doi.org/10.1159/000111744
http://www.ncbi.nlm.nih.gov/pubmed/18042988
https://doi.org/10.1371/journal.pone.0045022
http://www.ncbi.nlm.nih.gov/pubmed/23028741
https://doi.org/10.17219/acem/63024
http://www.ncbi.nlm.nih.gov/pubmed/29068589
https://doi.org/10.1159/000154785
http://www.ncbi.nlm.nih.gov/pubmed/18781068
https://doi.org/10.1007/s40368-013-0096-6
https://doi.org/10.1007/s40368-013-0096-6
http://www.ncbi.nlm.nih.gov/pubmed/24203249
https://doi.org/10.1002/gepi.20310
https://doi.org/10.1002/gepi.20310
http://www.ncbi.nlm.nih.gov/pubmed/18271029

	Abstract
	Introduction
	Human genetic studies of dental caries
	Genes involved in tooth mineral tissues
	Genes involved in taste
	Genes involved in saliva formation and composition
	Genes involved in immune response

	GWAS and candidate gene evidence
	Methodological issues in genetic studies on dental caries
	Limitations
	Conclusions
	Acknowledgments
	Funding
	Conflict of interest
	Author contributions
	References

