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ABSTRACT 

Periodontitis is one of the most prevalent chronic inflammatory diseases affecting humans, involving more than 

a billion people worldwide and remaining a leading cause of tooth loss. The disease is triggered by a dysbiotic 

subgingival biofilm. Yet decades of twin, family, and genome-wide studies show that the tempo and severity of 

tissue destruction depend substantially on the host's inherited and epigenetically modulated inflammatory 

response. This review synthesises current knowledge of the genetic architecture of periodontitis, moving from the 

classical candidate-gene era - anchored in interleukin-1 (IL-1) gene-cluster polymorphisms and the Kornman 

composite genotype - through genome-wide association studies implicating tissue-maintenance genes (SIGLEC5, 

PLG, ROBO2, ABCA1, PF4, CTSC), to monogenic and syndromic forms such as Papillon-Lefèvre syndrome, 

leukocyte adhesion deficiency type I, and Down syndrome. We further discuss host-microbiome genetic 

interactions, DNA methylation, non-coding RNA, and the dual role of bacterial CRISPR-Cas systems as virulence 

regulators and prospective therapeutics. We appraise the translational trajectory of this knowledge: the limited 

clinical utility of single-gene susceptibility testing, the promise and constraints of polygenic risk scores, host-

modulation therapy, and the first successful gene-therapy trial for a monogenic periodontitis-associated 

immunodeficiency. A concluding discussion synthesises these findings into practical implications for clinicians 

and identifies priorities for future research. We argue that periodontal genetic susceptibility should be understood 

less as simple hyperinflammation and more as an impaired capacity of periodontal tissue to resolve inflammation 

and repair itself, a reframing with direct implications for precision periodontology. 
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1. INTRODUCTION 

Periodontitis is a chronic inflammatory disease of the tooth-supporting tissues that destroys the periodontal 

ligament and alveolar bone, and it remains the leading cause of tooth loss in adults worldwide [1]. Beyond its 

local consequences, periodontitis is bidirectionally linked to systemic conditions including type 2 diabetes, 

cardiovascular disease, and other inflammatory comorbidities, and it imposes a substantial economic burden on 

health systems [1,2,3]. Global Burden of Disease estimates place the number of prevalent cases of periodontal 

disease above one billion, with age-standardised incidence and prevalence rates that continue to rise, particularly 

in low- and middle-income settings [1]. 

For much of the twentieth century, periodontitis was framed almost exclusively as an infectious disease driven by 

specific bacteria, most notably Porphyromonas gingivalis. This view has been revised: P. gingivalis is now 

understood as a keystone pathogen that, even at low abundance, remodels a symbiotic subgingival community 

into a dysbiotic one by subverting complement and Toll-like receptor signalling [4,5]. The resulting polymicrobial 

synergy and dysbiosis model holds that periodontitis arises from a synergistic, dysbiotic microbial community 

acting on a susceptible host, rather than from any single organism acting alone [6]. 

The word “susceptible” is doing a great deal of work in that sentence, and it is the subject of this review. Patients 

with comparable oral hygiene and microbial challenge can present with markedly different rates of attachment 

and bone loss. Twin and family studies conducted since the 1990s attribute a substantial share of this variability 

to heritable factors, with heritability estimates for periodontal traits typically falling between 0.3 and 0.5 and rising 

further for early-onset, aggressive phenotypes [7,8]. Bacteria are necessary but not sufficient: it is the character 

of the host’s immuno-inflammatory response – genetically and epigenetically encoded – that determines whether 

gingival inflammation remains reversible or progresses to irreversible tissue destruction. 

This review synthesises the genetic determinants of the inflammatory response in periodontitis, from the single-

gene candidate era to contemporary genome-wide and epigenomic approaches, and examines how far this 
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knowledge has travelled into clinical practice. We proceed from heritability evidence, through the paradigmatic 

IL-1 polymorphisms, to genome-wide discovery, monogenic syndromes, host-microbiome interactions, and 

epigenetic regulation, before addressing genetic testing and host-modulation therapy, and closing with a 

discussion of clinical and research implications. 

 

2. Periodontitis as a Multifactorial Disease: Evidence for Genetic Predisposition 

2.1 Twin and family studies 

The classical approach to partitioning genetic from environmental contributions to a complex trait is the twin 

study, comparing concordance between monozygotic and dizygotic pairs. Early work, including the Minnesota 

Twin Periodontal Study, found familial aggregation of early-onset and prepubertal periodontitis consistent with a 

substantial genetic component, while adult chronic periodontitis showed a less clear-cut picture [7]. A subsequent 

twin study estimated that adult periodontitis heritability approaches 50%, essentially unaltered after adjusting for 

behavioural covariates including smoking, indicating a biological rather than purely behavioural basis [9]. A large 

population-based study of Swedish twins (more than 10,000 complete pairs) reinforced that genetic factors make 

a real contribution to periodontal disease and edentulism risk after adjusting for shared and non-shared 

environment [10]. The largest and most recent twin analysis to date, using Swedish national dental-register data 

on almost 12,000 twins, estimated heritability of continuous periodontal traits at 41.5–48.3%, with the highest 

estimates for tooth loss and pocket-depth progression [8]. 

A consistent theme is that genetic influence appears strongest in younger patients with rapidly progressing disease 

and weaker in older adults, among whom cumulative environmental exposure – smoking chief among them – 

increasingly dominates the phenotype, anticipating the gene-environment interaction discussed in Section 3.1. 

2.2 From candidate genes to genome-wide discovery 

Twin heritability establishes that genes matter without identifying which genes. The earliest molecular studies 

pursued a candidate-gene strategy, selecting genes with an a priori biological rationale and testing polymorphisms 

for association with disease in case-control cohorts. This strategy produced the field’s most cited finding, the IL-

1 composite genotype (Section 3.1), but also a long tail of underpowered, non-replicating associations typical of 

candidate-gene epidemiology. 

The past decade has been defined by a shift toward hypothesis-free, genome-wide approaches – genome-wide 

association studies (GWAS) and quantitative trait locus mapping – interrogating hundreds of thousands to millions 

of variants without prior assumptions [11,12]. Large consortium efforts drawing on the UK Biobank, FinnGen, 

and GLIDE have confirmed elements of the earlier candidate-gene literature and substantially expanded the list 

of genome-wide significant loci, several pointing toward biology distinct from classical hyperinflammation 

(Section 4.1). 

 

3. Classical Genetic Markers of Inflammation: The IL-1 Paradigm 

3.1 The IL-1 gene cluster and the composite genotype 

Interleukin-1 (IL-1) is a pivotal pro-inflammatory cytokine in periodontal pathophysiology: it activates matrix 

metalloproteinases and drives RANKL-mediated osteoclastogenesis, the principal mechanism of alveolar bone 

resorption in periodontitis [13]. The genes encoding IL-1α, IL-1β, and the IL-1 receptor antagonist cluster on 

chromosome 2q13–q21, close enough that specific allelic combinations are commonly co-inherited. In 1997, 

Kornman and colleagues reported that a composite genotype – simultaneous carriage of allele 2 at both IL1A(–

889) and IL1B(+3954) – was strongly associated with periodontitis severity in 99 non-smoking Caucasian adults 

[14]. The composite genotype was present in 78% of severe, 26% of moderate, and 16% of mild cases, an odds 

ratio of approximately 19 for severe versus mild disease (Figure 1) [14]. In a broader dental-practice population, 

IL-1 genotype-positive, non-smoking or lightly smoking patients carried a three- to five-fold increase in the odds 

of moderate-to-severe disease [15]. 

 

 
Figure 1. Prevalence of the IL-1 composite genotype (allele 2 at both IL1A(–889) and IL1B(+3954)) across 

periodontitis severity strata in a non-smoking Caucasian cohort. Data derived from Kornman et al., 1997 [14]. 
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Crucially, the original association was demonstrated specifically in non-smokers; smokers were excluded because 

tobacco use dominated the phenotype [14]. Later studies made this gene-environment interaction explicit: among 

more than 1,000 individuals, IL-1 genotype had no discernible effect on risk among non-smokers, while genotype-

positive smokers carried substantially higher risk than genotype-negative smokers, with a clear dose-dependent 

gradient by pack-years [16]. This interaction remains one of the more reproducible findings in periodontal genetics 

and illustrates that single-gene associations in complex disease are frequently conditional on an environmental 

co-factor. 

Meta-analytic evidence for individual IL1A and IL1B polymorphisms, as opposed to the composite genotype, has 

been more equivocal: a meta-analysis restricted to adult white populations found only modest, inconsistent 

associations for IL1A(–889), IL1A(+4845), and IL1B(+3954) considered individually, underscoring that the 

specific combination – and its interaction with smoking – carries most of the original signal [17]. 

3.2 Beyond IL-1: TNF-α, IL-6, Fcγ receptors, and VDR 

The candidate-gene era extended well beyond IL-1. A 2022 systematic review integrating meta-analyses across 

twelve cytokine genes and 147 pooled studies found that IL-1, IL-6, and IL-10 polymorphisms showed the most 

consistent associations with periodontitis risk, while tumour necrosis factor-α (TNF-α, rs1800629) showed 

smaller, ethnicity-dependent effects, more consistent in Asian than Caucasian cohorts [18]. A complementary 

review pooling more than 71,000 participants across a similar panel of cytokine and matrix metalloproteinase 

genes reached comparable conclusions [19]. For IL-6 specifically, the –174G/C promoter polymorphism 

(rs1800795) has been examined in more than 20 case-control studies and several meta-analyses with inconsistent, 

sometimes even protective, associations depending on population and periodontitis subtype [20], while functional 

work in gingival tissue has linked IL-6 receptor genotype directly to local IL-6 expression [21]. 

Fcγ receptor polymorphisms illustrate the same pattern of ethnicity-dependent heterogeneity: a meta-analysis of 

FCGR2A, FCGR3A, and FCGR3B variants found the FCGR3A V158 allele and FCGR2A RR/RH genotype 

associated with periodontitis specifically in Caucasian cohorts, while FCGR3B NA1/NA2 was more specifically 

linked to aggressive, early-onset disease [22], pointing toward antibody-dependent phagocytic clearance as a 

further axis of susceptibility. Matrix metalloproteinase gene polymorphisms, notably MMP-3(–1171 5A/6A), 

have shown similarly modest, population-specific associations in recent meta-analyses [23]. 

Vitamin D receptor (VDR) polymorphisms (BsmI, TaqI, ApaI, FokI) have been examined even more extensively, 

motivated by VDR’s dual role in bone metabolism and immune regulation. The largest meta-analysis to date, 

pooling 38 case-control studies, found no overall association between the four polymorphisms and chronic 

periodontitis, with a significant BsmI signal confined to Caucasian subgroups [24]; a Chinese meta-analysis linked 

ApaI specifically to reduced risk in northern China [25]. More recent, smaller studies continue this inconsistent 

pattern, including a 2022 Indonesian study of TaqI [26] and a 2026 Iranian case-control study of all four 

polymorphisms [27], neither finding significant differences. Taken together, these literatures illustrate a recurring 

feature of periodontal candidate-gene genetics: effects are real but small, population-specific, and rarely replicate 

with the consistency required for clinical use (Section 5.1). 

3.3 Monogenic and syndromic forms: lessons from extreme phenotypes 

While common polymorphisms exert modest, population-level effects, a small number of monogenic and 

chromosomal disorders cause dramatic, early-onset periodontal destruction and serve as unusually informative 

natural experiments (Table 1). The 2018 classification of periodontal diseases, which introduced staging and 

grading for common periodontitis [28,29], explicitly recognises several of these conditions as periodontitis “as a 

manifestation of systemic disease” [30]. 

Papillon-Lefèvre syndrome (PLS) is an autosomal recessive disorder caused by loss-of-function mutations in 

cathepsin C (CTSC), a lysosomal protease expressed in neutrophils and epithelium [31]. CTSC activates 

neutrophil elastase and proteinase 3, the latter required to generate the antimicrobial peptide LL-37. In PLS, this 

cascade is broken: cathepsin C activity is essentially absent from neutrophils, and active LL-37 in gingival 

crevicular fluid and saliva is correspondingly depleted despite severe local inflammation [32,33]. The result is 

aggressive periodontitis affecting both dentitions from early childhood, frequently causing complete tooth loss 

before adulthood, alongside palmoplantar hyperkeratosis [32]. 

Leukocyte adhesion deficiency type I (LAD-I) results from biallelic loss-of-function mutations in ITGB2, 

encoding CD18, the subunit common to β2-integrins [34,35]. Neutrophils lacking functional β2-integrins cannot 

firmly adhere to inflamed endothelium and fail to extravasate into infected tissue – long assumed to reflect simple 

absence of neutrophil surveillance. This assumption has been revised: studies in patients and mouse models 

showed that failed extravasation paradoxically drives a compensatory, IL-17-dominated cytokine cascade that 

becomes the proximate driver of bone loss, reframing LAD-I periodontitis as a disease of excessive, misdirected 

inflammation rather than simple deficiency [36]. This has direct clinical significance: in 2025 a multinational 

phase 1–2 trial showed that lentiviral gene therapy restoring ITGB2 expression in autologous haematopoietic stem 

cells achieved transplant-free survival and sustained benefit in nine children with severe LAD-I over 24 months, 

a curative alternative to allogeneic transplantation [35,37]. 

Down syndrome (trisomy 21) is associated with markedly increased periodontitis prevalence and severity from a 

young age. A 2025 systematic review comparing inflammatory gene-expression profiles across PLS, LAD-I, and 

Down syndrome found that Down syndrome-associated periodontitis shows elevated IL-1β, TNF-α, IL-4, IL-10, 
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and interferon-γ alongside dysregulated STAT1/STAT3/SOCS3 signalling, consistent with trisomy 21 as a state 

of chronic interferon-pathway activation arising from triplication of interferon-receptor genes on chromosome 21 

[38,39]. Independent work has additionally reported attenuated STAT1 and IRF1 expression in the gingival tissue 

of Down syndrome patients with periodontitis, and reduced STAT1/STAT3 transcript levels have been reported 

in periodontitis more broadly, suggesting impaired STAT-mediated resolution of inflammation as a convergent 

mechanism across genetically distinct severe forms [40]. 

 

Table 1. Monogenic and syndromic forms of severe early-onset periodontitis. 

Condition Gene 

(inheritance) 

Core mechanism Inflammatory / immune 

signature 

Ref. 

Papillon–

Lefèvre 

syndrome 

CTSC (AR) Loss of cathepsin C → 

failure to activate 

neutrophil elastase / 

proteinase 3 → deficient 

LL-37 generation 

Depleted active LL-37 in 

GCF/saliva despite severe 

local inflammation 

[31,32,33] 

Leukocyte 

adhesion 

deficiency type 

I 

ITGB2 (AR) Absent β2-integrins → 

failure of neutrophil firm 

adhesion and extravasation 

Compensatory, IL-17–

driven inflammatory bone 

loss 

[34,35,36] 

Down 

syndrome 

Trisomy 21 

(chromosomal) 

Triplication of interferon-

receptor genes → chronic 

interferon-pathway 

activation 

Elevated IL-1β, TNF-α, IL-

4, IL-10, IFN-γ; 

dysregulated 

STAT1/STAT3/SOCS3 

[38,39,40] 

Note: AR – autosomal recessive; GCF – gingival crevicular fluid. 

 

These three conditions collectively make a point that recurs throughout this review: the common thread linking 

impaired antimicrobial-peptide processing in PLS, defective neutrophil extravasation with compensatory IL-17 

overdrive in LAD-I, and interferon-pathway dysregulation in Down syndrome is not simply “too much 

inflammation” but a failure of the periodontal tissue’s inflammatory response to resolve appropriately and support 

repair. 

 

4. New Horizons: GWAS, Host–Microbiome Interactions, and Epigenetics 

4.1 Genome-wide association studies and tissue-maintenance genes 

The past decade of GWAS has meaningfully broadened periodontitis genetic architecture beyond classical 

cytokine candidates. Early efforts, including a 2013 study of chronic periodontitis, achieved limited genome-wide 

significant discovery, reflecting modest effect sizes and phenotypic heterogeneity [41]. Statistical power has since 

improved through large biobank and consortium efforts. A 2017 GWAS and subsequent meta-analyses identified 

SIGLEC5 as genome-wide significant for both early-onset, severe periodontitis and more common, later-onset 

forms, replicated across populations and supported by expression quantitative trait locus data [42,43]. More recent 

large-scale efforts – the Finnish FinnGen national health-register cohort and a UK Biobank-based GWAS – 

continue to identify and refine risk loci, while consortia such as GLIDE2 harmonise periodontal phenotype 

definitions across cohorts to improve replicability [44,45,46,47]. 

A striking feature of the genes emerging from this hypothesis-free process – SIGLEC5, PLG, ROBO2, ABCA1, 

PF4, and CTSC among them – is that few are classical inflammatory cytokines; their annotated functions instead 

cluster around fibrinolysis, extracellular matrix remodelling, cell migration, hemostasis, and epithelial wound 

repair [11,42]. SIGLEC5, an inhibitory neutrophil receptor, appears at multiple independent risk loci across 

periodontitis subtypes, and functional work shows that risk variants in its intronic regulatory elements disrupt 

binding of the transcription factors ERG and MAFB [42]. PLG and CTSC mutations are also found in monogenic 

forms of early-onset periodontitis (Section 3.3), providing convergent evidence from both common- and rare-

variant designs that these genes are functionally important [11]. 

This evidence supports reframing periodontal genetic susceptibility beyond the “hyperinflammatory host” model 

dominant in the 1990s and 2000s: a substantial share of the discovered risk architecture impairs the periodontium’s 

capacity to contain, resolve, and repair chronic microbial challenge – a tissue-maintenance model that sits 

alongside, rather than in place of, the classical cytokine-centred view (Figure 2) [11]. 

Table 2. Major genetic loci implicated in periodontitis susceptibility, identified through genome-wide and 

candidate-gene approaches. 

 

Gene / locus Chromosomal region & molecular 

function 

Type of evidence Ref. 

IL1A / IL1B (composite 

genotype) 

2q13–q21; IL-1α/β production Candidate gene; smoking-

dependent effect 

[14,16] 
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TNF-α (rs1800629, –

308G/A) 

6p21.33; pro-inflammatory cytokine Candidate-gene meta-

analyses; ethnicity-dependent 

[19,18] 

IL-6 (rs1800795, –174G/C) 7p21.3; pleiotropic cytokine, bone 

metabolism 

Candidate-gene meta-

analyses; inconsistent, some 

protective signals 

[20,21] 

FCGR2A / FCGR3A / 

FCGR3B 

1q23.3; Fcγ receptors, antibody-

mediated phagocytosis 

Candidate-gene meta-analysis [22] 

VDR 

(BsmI/TaqI/ApaI/FokI) 

12q13.11; vitamin D signalling, bone 

& immune regulation 

Candidate-gene meta-

analyses; inconsistent across 

ethnicities 

[24,27,25

] 

SIGLEC5 19q13.41; inhibitory neutrophil 

receptor 

GWAS; replicated across 

cohorts and subtypes 

[42,43] 

PLG 6q26; fibrinolysis, plasmin generation GWAS + monogenic 

prepubertal periodontitis 

[11] 

ROBO2 3p12.3; epithelial cell migration, 

wound repair 

GWAS + epigenome-wide 

association study 

[11] 

ABCA1 / PF4 / PPBP / 

CXCL5 

9q31.1 / 4q13.3; lipid transport, 

platelet chemokines, hemostasis 

GWAS [11] 

CTSC 11q14.1–q14.3; lysosomal cysteine 

protease 

GWAS + monogenic 

(Papillon–Lefèvre syndrome) 

[11,32,31

] 

Note: GWAS – genome-wide association study. 

 
Figure 2. Conceptual multi-tier model of genetic contribution to periodontitis pathogenesis, integrating 

monogenic, oligogenic, common polygenic, and epigenetic layers of susceptibility acting on host immuno-

inflammatory and tissue-repair pathways. 
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4.2 Host genetics and the subgingival microbiome 

Genetic susceptibility does not act only downstream of microbial colonisation: a growing body of evidence 

indicates that host genotype also shapes which bacteria establish themselves subgingivally in the first place, a 

relationship sometimes termed “periodontal infectogenomics” [48]. Early GWAS work specifically targeted 

subgingival pathogen carriage, rather than clinical disease status, as a phenotype in its own right [49]. A systematic 

review update found accumulating, though still inconsistent, evidence that host genetic variants – including 

polymorphisms in IL-1, VDR, and pattern-recognition receptor genes – are associated with the presence and 

abundance of specific periodontal pathogens, while cautioning that most studies remain underpowered and rarely 

replicate [50]. A recent study in patients with metabolic syndrome illustrated this approach directly, linking 

specific single-nucleotide polymorphisms in RUNX2, CAMTA1, and VDR to measures of subgingival microbial 

diversity and to the relative abundance of individual species, including an association between a VDR variant and 

Streptococcus mutans and between RUNX2 and P. gingivalis [51]. These gene-microbiome interactions remain 

an early-stage but conceptually important extension of the architecture described in Section 4.1, since they suggest 

that some risk loci act not only on the host inflammatory response but also on the ecological composition of the 

biofilm that triggers it [48]. 

4.3 Epigenetic regulation: DNA methylation and non-coding RNA 

Genetic sequence variation cannot alone account for the residual variability in periodontitis phenotype among 

individuals sharing the same GWAS-identified risk alleles, nor for the capacity of environmental exposures such 

as smoking to modulate risk independently of genotype. Epigenetic mechanisms – heritable, reversible 

modifications of gene expression that do not alter DNA sequence – offer a plausible bridge between genetic 

predisposition and environment. 

DNA methylation has been the most extensively studied epigenetic mark. An epigenome-wide association study 

in a UK twin cohort identified differential methylation at specific loci relevant to periodontal traits: signals within 

or near VDR, IL6ST, TMCO6, IL1RN, CD44, IL1B, WHAMM, and CXCL1 were significant for both gingival 

bleeding and tooth mobility, and a distinct blood-based signal at cg21245277 (in ZNF804A) was independently 

associated with gingival bleeding [52]. Tissue-specific work on gingival and oral masticatory mucosa biopsies 

has further shown that periodontal inflammation and smoking each independently reshape the local methylation 

landscape. Because methylation changes are, in principle, reversible, several groups have proposed panels of 

periodontitis-associated methylation marks as diagnostic biomarkers, although the evidence base remains too 

heterogeneous in gene selection and study design to support clinical adoption at present. 

Non-coding RNAs constitute a second, rapidly expanding regulatory layer. Individual microRNAs have shown 

promising diagnostic accuracy: salivary miR-155 and miR-146a classified periodontitis status with accuracies of 

82.6% and 86.1% in non-diabetic and diabetic subgroups respectively [53], with comparable performance reported 

for miR-199a-3p in gingival crevicular fluid [54] and the miR-181 family across oral biofluids [55]. LncRNAs 

such as HOTTIP and MIAT regulate periodontal ligament fibroblast and osteogenic gene expression via 

competitive binding of specific miRNAs, forming competing endogenous RNA networks that connect this biology 

to the extracellular matrix remodelling pathways described in Section 4.1 [56,57]. As with methylation, the 

diagnostic promise of individual non-coding RNA biomarkers outpaces cross-cohort validation, and none has yet 

achieved the reproducibility needed for clinical use. 

4.4 CRISPR-Cas: from bacterial virulence regulator to therapeutic tool 

An unanticipated contribution to this molecular landscape comes not from the human genome but from the 

periodontal pathogens themselves. CRISPR-Cas systems – prokaryotic adaptive immune systems that cleave 

invading viral or plasmid DNA – occur in a substantial proportion of oral bacterial genomes, including numerous 

P. gingivalis strains, and serve functions well beyond antiviral defence: regulating biofilm formation, quorum 

sensing, gene transfer, nutrient acquisition, and virulence itself [58]. Deletion of the CRISPR-associated nuclease 

Cas3 in P. gingivalis measurably attenuates virulence in experimental models, and non-coding CRISPR spacer 

arrays lacking any identifiable viral target nonetheless regulate biofilm formation and the host macrophage 

transcriptional response, revealing a previously unrecognised, immunity-independent physiological role [59]. 

This dual identity – native regulator of bacterial pathogenicity and programmable nuclease system – has made 

CRISPR-Cas biology a focus of diagnostic and therapeutic development, distinct from its established role in 

human gene therapy for monogenic periodontitis-associated conditions (Section 5.3). Proposed applications 

include sequence-specific antimicrobials that selectively deplete keystone pathogens without the collateral 

damage of broad-spectrum antibiotics, and anti-CRISPR proteins to re-sensitise resistant strains [58,60]. At 

present this remains experimental and largely preclinical: engineered CRISPR antimicrobials have shown proof-

of-concept efficacy in vitro, but no CRISPR-based periodontal therapeutic has advanced to clinical trial, and 

delivery and off-target challenges remain unresolved [58,60]. 

 

5. From Concept to Practice: Genetic Testing and Host-Modulation Therapy 

5.1 Genetic susceptibility testing: promise and limitations 

The IL-1 composite genotype finding was rapidly commercialised, giving rise to what remains, more than 25 

years later, essentially the only genetic test marketed for periodontal risk assessment (the Periodontal 

Susceptibility Test and its successors) [14,61]. The premise: identify genotype-positive patients and direct more 

intensive preventive care toward them. A now-classic critical evaluation, still frequently cited two decades on, 
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found the relationship between IL-1 genotype and gingival crevicular fluid IL-1β itself inconsistent across studies, 

and the test’s ability to forecast individual bleeding, attachment loss, or tooth loss ambiguous [61]. Subsequent 

research has not strengthened this picture: a 2025 dental clinical policy review reached the same conclusion for 

both IL-1-based tests and newer competitors, finding neither useful for rationing or intensifying preventive care 

[62]. 

A comprehensive 2025 narrative review extended this appraisal across the wider candidate-gene literature, 

concluding that TNF-α(–308) genotyping alone likewise has limited standalone utility, even though the composite 

IL-1 genotype remains the most consistently replicated association, particularly in European-ancestry populations 

[63]. The same review is cautiously optimistic about polygenic risk scores aggregating hundreds of GWAS-

identified variants and machine-learning models integrating genetic, microbial, and clinical data, while noting 

these remain investigational [63]. More than a quarter-century after the original finding, genetic risk in 

periodontitis is best understood as one element within a multifactorial risk assessment, not a standalone, actionable 

test result. 

5.2 Host-modulation therapy: subantimicrobial-dose doxycycline and beyond 

If genetic susceptibility operates chiefly by shaping the host’s inflammatory and repair response, a logical 

corollary is to target that response directly – host-modulation therapy. The only agent with regulatory approval 

for this indication remains subantimicrobial-dose doxycycline (SDD, 20 mg twice daily), developed three decades 

ago [64]. At this dose, plasma concentrations stay below the antibacterial threshold, yet the drug retains capacity 

to inhibit matrix metalloproteinases (mainly MMP-8/-9) via cation chelation and suppression of oxidative pro-

enzyme activation [64]. A systematic review and meta-analysis of its long-term efficacy found a real but modest 

additional benefit alongside scaling and root planing, cautioning that early trials carried meaningful risk of bias 

[65]; more recent, disease-specific trials have reinforced the mechanism, including a 2020 study showing that 

adjunctive SDD reduces gingival crevicular fluid MMP-9 and MMP-13 in diabetic patients with periodontitis 

[66]. A comprehensive 2020 update confirmed that, a decade on, SDD remains the only approved agent, while 

cataloguing investigational alternatives – chemically modified curcumins, resolvins and lipoxins, statins, and 

bisphosphonates – that still lack the trial evidence required for routine use [67,68]. Among these, specialised pro-

resolving mediators such as resolvins and lipoxins are particularly actively investigated: rather than suppressing 

inflammatory signalling, they promote its active resolution, showing promise in preclinical models but still lacking 

the clinical trial evidence required for use [68]. 

5.3 Gene therapy for monogenic periodontitis: a paradigm shift 

For the rare monogenic conditions in Section 3.3, the translational trajectory is qualitatively more encouraging. 

Because LAD-I periodontitis arises from a single, well-characterised gene defect affecting a self-renewing 

haematopoietic stem cell population, it is amenable to ex vivo lentiviral gene therapy in a way that polygenic 

susceptibility is not. The 2025 trial discussed above achieved allogeneic-transplant-free survival in all nine treated 

children at 24 months, together with restoration of neutrophil CD18 expression and markedly reduced infection-

related hospitalisation – the clearest proof of concept to date that genetically informed precision medicine can be 

curative for a periodontitis-associated condition, even though its direct applicability remains confined to this 

narrow monogenic indication [37]. Whether analogous approaches – for instance, restoration of cathepsin C 

activity in Papillon-Lefèvre syndrome – will follow remains an open question, but the LAD-I trial establishes that 

the underlying strategy is feasible. 

 

6. DISCUSSION 

Read together, these findings support three conclusions. First, periodontal genetic susceptibility is not adequately 

captured by “hyperinflammation” alone: the genes implicated by genome-wide discovery (Section 4.1), the gene-

microbiome interactions in Section 4.2, and the mechanisms uncovered in monogenic syndromes (Section 3.3) 

converge on a broader theme of impaired tissue maintenance, microbial ecology, and resolution of inflammation, 

alongside – not instead of – amplified cytokine signalling. Second, genetic and environmental risk are frequently 

inseparable rather than additive: the IL-1–smoking interaction (Section 3.1) shows a genotype can be functionally 

silent in one environmental context and strongly predictive in another, a pattern likely to generalise once 

adequately powered gene-environment studies are conducted. Third, clinical translation has proceeded unevenly: 

for common, polygenic periodontitis, decades of candidate-gene and genetic-testing research have yielded only 

modest, population-specific effects of limited individual value (Section 5.1); for rare monogenic disease, precise 

molecular diagnosis has already produced a curative gene therapy (Section 5.3). 

These conclusions carry direct, if modest, implications for clinical practice today, consistent with contemporary 

guidance on periodontitis management [69]. Family and early-onset history remains the most accessible clinical 

proxy for genetic risk: a family history of severe, early periodontal destruction, especially combined with recurrent 

infections, delayed wound healing, or a known syndromic diagnosis, should prompt consideration of monogenic 

causes such as Papillon-Lefèvre syndrome or leukocyte adhesion deficiency, for which specific management and, 

increasingly, curative options exist. For the great majority of patients with common periodontitis, IL-1 or other 

single-gene genotyping should not be used as a standalone criterion for treatment intensity or maintenance 

frequency; smoking status, glycaemic control, and clinical and microbial findings, evaluated within current case-

definition frameworks [70], remain the more actionable risk factors available at the chairside. Host-modulation 
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therapy, principally SDD, can reasonably be considered as an adjunct in patients with rapidly progressing or 

refractory disease, with the understanding that its benefit over mechanical therapy alone is real but modest. 

Several limitations of the current evidence base deserve emphasis. Much of the candidate-gene and even some 

GWAS literature remains underpowered relative to the small effect sizes typical of complex-disease genetics, and 

replication across ancestrally diverse populations is uneven, with European-ancestry cohorts still overrepresented. 

Diagnostic epigenetic and non-coding RNA biomarkers, while individually promising, have rarely been validated 

across independent cohorts using harmonised methodology. Finally, the field would benefit from closer 

integration between the host-genetic and microbial-ecology literatures discussed in Section 4.2, since genetic risk 

loci that shape biofilm composition, rather than only the inflammatory response to it, remain comparatively under-

studied. 

Two concrete calls to action follow. Clinicians should resist treating a single-gene result as stand-alone 

justification for altering periodontal care; genetic information earns its place alongside smoking status, glycaemic 

control, and clinical and microbial assessment, and its main present value lies in flagging the rare monogenic and 

syndromic presentations described in Section 3.3. Researchers should prioritise adequately powered, prospective, 

ancestrally diverse cohorts that jointly capture genetic, epigenetic, and microbial data, since retrospective, single-

layer designs have repeatedly produced associations that neither replicate nor translate; the FinnGen and UK 

Biobank efforts described in Section 4.1 offer a template worth extending to non-European populations and to 

gene-environment interaction analyses. 

 

CONCLUSION 

Three decades of research have transformed the genetics of periodontitis from a single candidate-gene finding 

into a multi-layered field spanning polygenic variation, monogenic extremes, host-microbiome interaction, and 

epigenetic regulation. Future progress will likely depend on larger, more ancestrally diverse GWAS and biobank 

cohorts capable of supporting genuinely predictive polygenic risk scores; multi-omic integration of genetic, 

epigenetic, microbial, and clinical data to capture gene-environment interactions that single-marker analyses 

cannot; and continued mechanistic dissection of tissue-maintenance genes such as SIGLEC5 and PLG, which may 

yield host-modulation targets more specific than current broad-spectrum agents. Until then, periodontal genetics 

remains a field whose scientific maturity exceeds its clinical footprint outside the monogenic extreme – a gap this 

review has aimed to characterise honestly. 
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