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Abstract

Periodontal disease is a chronic inflammatory condition driven by a
dysregulated host response to a dysbiotic biofilm, with increasing evidence
highlighting the influence of modifiable lifestyle factors. This integrative review
synthesizes current evidence on the role of dietary patterns, specific nutritional
strategies, and lifestyle behaviors in the prevention and management of periodontal
disease. Data from systematic reviews, meta-analyses, randomized controlled trials,
and population-based studies suggest that overall diet quality significantly influences
systemic inflammation, immune function, and microbial homeostasis, all of which
are crucial to periodontal pathophysiology. Anti-inflammatory dietary models,
particularly the Mediterranean diet and high-quality plant-based diets, are
consistently associated with improved periodontal parameters and reduced disease
severity. Key nutrients and bioactive compounds, including omega-3 fatty acids and
essential micronutrients, demonstrate adjunctive benefits when integrated with
conventional periodontal therapy. Emerging evidence further implicates the oral-gut
axis as a mechanistic link between diet-induced microbial alterations and systemic
immune regulation influencing periodontal outcomes. Despite promising
associations, the current literature is limited by heterogeneity of study designs and a
predominance of observational data. Nonetheless, the findings support the
integration of personalized nutritional counseling and lifestyle optimization into
comprehensive periodontal care, emphasizing a systems-based approach to disease
prevention and long-term periodontal stability.

Keywords: periodontitis, dietary patterns, lifestyle factors, systemic inflammation,
oral—gut axis

Introduction

Periodontitis is a highly prevalent, chronic, biofilm-associated inflammatory disease
characterized by irreversible destruction of the periodontal supporting tissues and, ultimately,
tooth loss. Contemporary concepts emphasize that periodontal breakdown is not merely a
consequence of bacterial accumulation, but the result of a dysregulated host-microbe interplay
in which a dysbiotic biofilm triggers and perpetuates an exaggerated immune-inflammatory
response. In this model, shifts in microbial ecology (“dysbiosis”) and the host inflammatory

251
Corresponding author: marianapac@yahoo.com


http://www.medicineandmaterials.com/

G.A. PUHA et al.

phenotype are reciprocally reinforced, sustaining connective tissue degradation and alveolar
bone resorption even when classical plaque levels alone do not fully explain disease severity or
progression [6]. From a public health perspective, the burden is substantial: pooled
epidemiological analyses over the past decade confirm that periodontitis remains a common
worldwide condition, with significant implications for quality of life and healthcare systems [5].

Beyond oral hygiene and professional therapy, interest has accelerated in modifiable
determinants that influence periodontal susceptibility and inflammatory load. Among these,
dietary patterns and lifestyle factors stand out because they act upstream on systemic
inflammation, oxidative stress, immune competence, and nutrient-dependent tissue homeostasis,
processes that converge on periodontal pathogenesis. A recent systematic analysis focusing on
dietary patterns and periodontitis supports the concept that global diet quality, rather than single
nutrients alone, relates meaningfully to periodontal outcomes, encouraging a pattern-based
approach (e.g., anti-inflammatory vs. pro-inflammatory dietary models) when interpreting
clinical risk and designing interventions [1]. This perspective is clinically relevant because
periodontal inflammation is increasingly viewed as part of a broader inflammatory network,
where metabolic and nutritional signals modulate immune set-points and tissue resilience.

Among micronutrients, vitamin C has received particular attention due to its central
role in collagen synthesis, wound healing, and antioxidant defense, functions directly relevant
to gingival integrity and periodontal connective tissue turnover. Mechanistically, vitamin C
contributes to maintaining epithelial barrier competence and controlling oxidative stress within
inflamed tissues, supporting the premise that inadequate vitamin C exposure could favor
exaggerated inflammatory responses and impaired repair. Narrative and mechanistic syntheses
outline beneficial roles of vitamin C in maintaining oral health, framing it as a biologically
plausible modulator of periodontal inflammation and healing capacity [2]. However, the clinical
literature is heterogeneous: systematic evidence assessing supplementation and periodontal
outcomes raises the practical question of whether vitamin C intake confers a measurable
protective effect at the population level, beyond confounding behaviors such as smoking,
socioeconomic status, and overall diet quality [3]. Lifestyle and nutritional epidemiology
further supports this link: analyses based on large representative datasets report associations
between dietary vitamin C intake and periodontitis, consistent with a dose—response hypothesis
in which inadequate intake may correspond to poorer periodontal status [9]. Complementing
population-level findings, pilot clinical observations have explored vitamin C levels among
patients with periodontosis, highlighting the need to interpret biochemical status (not only
reported intake) when discussing individualized risk and nutritional counseling [10].

A critical nuance is that vitamin C is not a “pure” antioxidant in all contexts;
depending on the biochemical milieu, it may exert pro-oxidant effects, underscoring why
simplistic supplementation assumptions may be clinically misleading. This dual behavior has
been described in detail, with implications for interpreting supplementation trials and tailoring
dosage to patient context (e.g., inflammation severity, redox-active metals, systemic conditions)
[7]. Translationally, experimental work testing local vitamin C application in periodontitis
models suggests potential anti-inflammatory and tissue-protective effects at the periodontal site,
supporting exploration of targeted adjunctive approaches alongside conventional therapy [11].
Taken together, these data justify positioning vitamin C not as a standalone “treatment,” but as
a biologically relevant variable within a broader dietary-host-response framework.

In parallel, vitamin D has emerged as a key candidate linking lifestyle to periodontium
through its immunomodulatory actions and its role in mineral homeostasis and bone metabolism.
Vitamin D can shape innate and adaptive immune responses, potentially influencing periodontal
inflammatory tone and tissue catabolism. The immunomodulatory effects of supplementation
have been demonstrated in deficient populations, supporting the plausibility that correcting
deficiencies could alter inflammatory profiles relevant to periodontal disease [12]. Updated
systematic syntheses and meta-analyses report associations between vitamin D status and
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periodontitis, collectively suggesting that lower vitamin D exposure may correlate with worse
periodontal parameters, although causality and effect size remain under active investigation [13].
Observational clinical data connect vitamin D levels to periodontal attachment Iloss,
strengthening the clinical relevance of vitamin D status when discussing structural periodontal
outcomes rather than gingival inflammation alone [14]. Earlier meta-analytic work similarly
evaluated the vitamin D—periodontitis relationship, contributing to the evidence base but also
illustrating heterogeneity in definitions, baseline status, and confounder control [15]. Focused
reviews further integrate vitamin D biology with periodontal health and disease, providing a
mechanistic rationale for how vitamin D pathways may modulate periodontal immunity and
bone remodeling [16]. At a biomarker level, recent clinical research reports inverse associations
between serum vitamin D concentration and MMP-9 levels, an enzyme implicated in
extracellular matrix degradation, supporting a mechanistic bridge between vitamin D status and
tissue-destructive pathways in periodontal disease [17]. Additionally, assessment of vitamin D
binding protein in serum and gingival crevicular fluid in health versus chronic periodontitis
adds granularity to the vitamin D axis, suggesting that carrier proteins and local bioavailability
may be relevant, not only total circulating vitamin D [18]. Importantly, integrative discussions
also consider the combined relevance of vitamins C and D in periodontal pathogenesis and
therapy, reinforcing the need for multi-nutrient reasoning rather than isolated nutrient claims [8].

Lifestyle behaviors beyond diet also matter. Physical activity is increasingly
recognized as an anti-inflammatory exposure that can reduce systemic inflammatory burden and
improve metabolic regulation, factors that plausibly translate into periodontal benefit. Meta-
analytic evidence supports an association between exercise and lower periodontitis prevalence,
motivating combined lifestyle strategies in periodontal prevention frameworks [4]. Finally,
interest in omega-3 fatty acids reflects the modern emphasis on resolution biology and host
modulation. Systematic reviews and meta-analyses indicate that omega-3s may be beneficial as
adjuncts in periodontal management, aligning with mechanisms related to pro-resolving
mediators and inflammatory control [19]. Evidence specifically addressing omega-3 effects
during active periodontal therapy similarly supports adjunctive potential, reinforcing omega-3s
as a plausible component of integrative periodontal care rather than a substitute for mechanical
biofilm control [20].

Dietary Patterns
Mediterranean diet

Plant-based diets = Biological Mechanisms
Western / pro-inflammatory 1 Systemic Periodontal Outcomes
diets inflammation 1 Gingival inflammation
L Oxidative stress 1 Matrix
Key Nutrients T Immune regulation metalloproteinase
Vitamin C = T Collagen synthesis = activity (e.g., MMP-9)
Vitamin D and tissue repair 1 Connective tissue
Omega-3 fatty acids Modulation of the oral degradation
microbiome L Alveolar bone
Lifestyle Factors =" (?ra\—gut.axw's resorption
Physical activity interactions

Metabolic status

Figure 1. Integrative framework linking dietary patterns,
lifestyle factors, and periodontal disease [1-4,6-8,13,19-20].

Figure 1 presents an integrative conceptual model illustrating how dietary patterns, key
micronutrients, and lifestyle factors influence periodontal disease through modulation of
systemic inflammation, oxidative stress, immune regulation, collagen turnover, and oral
microbiome homeostasis. These interconnected pathways collectively affect gingival
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inflammation, extracellular matrix degradation, and alveolar bone resorption, contributing to
periodontal disease progression or stability.

Methodological framework

The present work was designed as an integrative review, chosen to allow the
simultaneous inclusion and synthesis of evidence derived from heterogeneous study designs,
including systematic reviews, meta-analyses, randomized controlled trials (RCTs),
observational studies, and large population-based datasets. This approach is particularly suitable
for investigating diet—periodontium relationships, where complex exposures (dictary patterns,
nutrients, lifestyle behaviors) interact with biological, behavioral, and socioeconomic
confounders that a single methodological paradigm cannot adequately capture. Integrative
reviews enable a comprehensive appraisal of both quantitative outcomes and mechanistic
interpretations, facilitating clinically relevant conclusions.

Scope and conceptual boundaries

The methodological framework focused on studies evaluating the association between
dietary components, dietary patterns, and lifestyle-related factors and periodontal health
outcomes, either as primary endpoints (e.g., probing depth, clinical attachment loss, gingival
inflammation) or as adjunctive outcomes in periodontal therapy. Particular emphasis was placed
on evidence addressing anti-inflammatory and host-modulatory mechanisms, consistent with
the current paradigm that periodontitis is driven by dysregulated inflammation rather than
bacterial load alone. Within this context, omega-3 fatty acids were considered a reference
nutrient due to their well-established role in inflammation resolution and frequent use as
adjuncts in periodontal interventions [20].

Evidence hierarchy and study types

Priority was given to systematic reviews and meta-analyses, as these provide the
highest level of synthesized evidence regarding nutritional and lifestyle interventions in
periodontology. Recent meta-analytic data examining omega-3 fatty acids in active periodontal
therapy were included as benchmarks for methodological rigor, highlighting standardized
periodontal endpoints and well-defined intervention protocols [20]. Additionally, controlled
clinical trials evaluating dietary patterns, particularly the Mediterranean diet, were incorporated,
as these studies offer higher internal validity compared to observational designs while
maintaining translational relevance [21].

Observational cross-sectional and cohort studies were also included, particularly those
derived from large-scale datasets such as NHANES, which allow robust statistical adjustment
for confounders and enhance external validity. For example, studies examining the association
between serum calcium levels and periodontitis in representative populations provided valuable
insights into mineral metabolism and periodontal attachment outcomes, despite their inherent
limitations regarding causality [22].

2.3 Inclusion and exclusion criteria

Studies were considered eligible if they met the following criteria:

Evaluated adult populations with clinically defined periodontal outcomes

Assessed dietary intake, dietary patterns, or lifestyle-related biochemical markers
Reported quantitative periodontal parameters or clearly defined disease classifications
Were published in peer-reviewed journals

Exclusion criteria included case reports, expert opinions without original data, and
studies lacking standardized periodontal assessment. Narrative reviews were selectively
included only when they provided a critical synthesis of emerging concepts, such as systemic
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interactions or understudied nutrient—periodontium pathways, without duplicating evidence
already captured by systematic analyses.

Dietary patterns as methodological constructs

Dietary patterns were operationalized using predefined indices or adherence scores,
such as Mediterranean diet scores, plant-based diet quality indices, or pattern-derived
classifications. Systematic syntheses comparing multiple dietary models were particularly
valuable, as they enabled cross-pattern comparisons under a unified analytical framework.
Meta-analytic evidence evaluating four major dietary patterns in relation to periodontal disease
risk was used to illustrate the methodological strengths and limitations of pattern-based
nutrition research, including exposure misclassification and residual confounding [25].

Randomized dietary intervention trials, such as those assessing the Mediterranean
diet’s impact on gingival inflammation, were emphasized because they minimize confounding
and provide stronger causal inference. These trials typically employed controlled dietary
counseling, predefined adherence monitoring, and standardized periodontal outcome measures,
supporting their methodological robustness [21].

Lifestyle and systemic modifiers

Lifestyle factors were incorporated as contextual modifiers rather than isolated
exposures. Physical activity, metabolic status, and inflammatory biomarkers were considered
insofar as they interacted with dietary variables or influenced periodontal outcomes indirectly.
Large observational datasets linking mineral status or nutrient biomarkers to periodontal disease
were particularly useful for evaluating systemic pathways, even though they remain susceptible
to reverse causality [22].

In addition, evidence exploring the intersection between periodontal disease and
systemic conditions, including hematological parameters, was reviewed to contextualize dietary
effects within broader inflammatory and metabolic networks. Such studies underscore that
periodontal health cannot be fully interpreted in isolation from systemic physiology, reinforcing
the integrative rationale of the review [23].

Trace elements and micronutrients: methodological considerations

Trace elements such as zinc were included due to their immunological relevance and
measurable systemic biomarkers. Population-based analyses examining serum zinc levels in
relation to periodontitis in smokers and non-smokers provided methodologically robust models
for stratified analysis and confounder control, illustrating best practices in nutritional
epidemiology applied to periodontal research [24]. These studies informed methodological
considerations regarding subgroup analyses, lifestyle stratification, and interaction testing.

Data synthesis strategy

Rather than pooling effect sizes quantitatively, a thematic qualitative synthesis was
employed. Findings were grouped according to exposure type (dictary patterns, fatty acids,
minerals, trace elements) and biological mechanism (anti-inflammatory effects, bone
metabolism, immune modulation). This strategy allowed coherent integration of evidence
across diverse methodologies while avoiding misleading numerical aggregation in the presence
of heterogeneity.

Methodological limitations

Across the included literature, common methodological limitations were
acknowledged, including reliance on self-reported dietary data, cross-sectional designs, and
variable periodontal case definitions. These limitations were consistently considered when
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interpreting associations and formulating clinical implications, ensuring that conclusions
remained proportionate to the strength of the underlying evidence [21-25].

Pathophysiological basis

Periodontitis represents the local manifestation of dysregulated chronic inflammation,
in which the host immune response, rather than bacterial presence alone, drives periodontal
tissue destruction. Within this framework, diet and lifestyle exert a direct influence on the
systemic inflammatory threshold, with downstream effects on periodontal tissues. Current
evidence supports the concept that diet quality modulates systemic inflammation, which in turn
affects the severity and progression of periodontal disease [26].

Dietary patterns rich in ultra-processed foods, refined carbohydrates, and pro-
inflammatory fats promote a state of chronic low-grade inflammation, potentially amplifying
the local immune response to a dysbiotic biofilm. Conversely, anti-inflammatory dietary models,
particularly the Mediterranean diet, are associated with reduced systemic inflammatory markers
and improved control of gingival inflammation [27,28]. This relationship is consistently
supported by meta-analyses, observational studies, and interventional trials demonstrating a
favorable association between adherence to the Mediterranean diet and periodontal clinical
parameters [29,30].

Table 1. Pathophysiological mechanisms linking diet, lifestyle, and periodontal disease

Factor Biological mechanism Systemic effect Periodontal implication =~ References
Poor diet quality Promotion of chronic Increased Amplified host immune [26]
(ultra-processed foods, low-grade inflammation circulating response to dysbiotic
refined carbohydrates, inflammatory biofilm and enhanced
pro-inflammatory mediators tissue destruction
fats)
Mediterranean dietary Anti-inflammatory and Reduction of Improved gingival [27,28]
pattern antioxidant effects; systemic inflammation control
modulation of lipid inflammatory and periodontal clinical
mediators markers parameters
High adherence to the Sustained immune Lower Reduced prevalence and [29]
mediterranean diet modulation and inflammatory severity of periodontitis
improved metabolic burden
profile
Mediterranean diet— Modification of oral and Reduced Decreased levels of [30]
based intervention salivary microbiota microbial periodontopathogenic
composition inflammatory bacteria
stimulus
Diet-microbiome Alteration of microbial Attenuation of Improved periodontal [30]
interaction ecology and immune persistent immune inflammatory status
signaling activation
Physical activity and Regulation of systemic Reduced insulin Lower periodontal [31]

active lifestyle

inflammation and
metabolic homeostasis

resistance and
inflammatory load

severity and slower
disease progression
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Table 1 presents the summary of key pathophysiological mechanisms through which
dietary patterns and lifestyle factors influence periodontal inflammation and tissue destruction.
The table highlights systemic inflammatory modulation, microbiome-related effects, and their
downstream impact on periodontal clinical outcomes.

A central mechanistic pathway involves the interaction between diet, the microbiome,
and host immunity. Dietary interventions can modify the composition of the oral and salivary
microbiota, reducing the abundance of periodontopathogenic species and attenuating persistent
immune stimulation [30]. Additionally, an active lifestyle contributes to the regulation of
systemic inflammation and metabolic homeostasis, effects that translate into reduced
periodontal severity and slower disease progression [31].

Dietary patterns and periodontal health

Dietary patterns represent complex exposures that integrate nutrient composition, food
processing, and eating behaviors, exerting cumulative effects on systemic inflammation and
periodontal susceptibility. Contemporary nutritional research increasingly favors pattern-based
approaches over single-nutrient analyses, particularly in chronic inflammatory diseases such as
periodontitis. Diet quality has been consistently associated with systemic inflammatory burden,
suggesting that food choices can modulate host immune responses relevant to periodontal tissue
breakdown [26].

Among the most extensively studied models, the Mediterranean diet has emerged as a
reference anti-inflammatory dietary pattern. Characterized by high consumption of fruits,
vegetables, whole grains, legumes, olive oil, and fish, this diet provides antioxidants,
polyphenols, fiber, and omega-3 fatty acids that collectively downregulate inflammatory
signaling. Randomized controlled trials demonstrate that adherence to the Mediterranean diet
leads to significant reductions in gingival inflammation, even in the absence of changes in oral
hygiene practices, supporting a direct host-modulatory effect [27]. These findings are reinforced
by systematic reviews and meta-analyses showing that Mediterranecan diet adherence is
inversely associated with periodontitis prevalence and severity [28].

Observational evidence further supports these associations across diverse populations.
Studies conducted in young adults and community-based cohorts report that higher adherence to
the Mediterranean dietary pattern correlates with improved periodontal parameters, including
reduced bleeding on probing and shallower probing depths [29]. Beyond clinical outcomes,
interventional research indicates that Mediterranean diet—based interventions can alter the oral
microbial ecosystem, reducing salivary levels of key periodontopathogens and thereby
attenuating immune stimulation at the periodontal interface [30].

Dietary patterns should also be interpreted in conjunction with lifestyle behaviors.
Cross-sectional analyses integrating dietary adherence and physical activity reveal that
individuals who combine high-quality diets with higher levels of physical activity exhibit
significantly lower periodontal disease severity. This suggests a synergistic interaction between
nutritional anti-inflammatory effects and exercise-mediated metabolic regulation, rather than
independent or additive influences [31-33]. Plant-based dietary patterns have gained attention
for their potential anti-inflammatory benefits, largely attributed to high fiber intake, antioxidant
density, and reduced consumption of saturated fats. However, emerging evidence emphasizes
that diet quality within plant-based diets is critical. Diets rich in minimally processed plant
foods are associated with lower periodontal risk, whereas poorly constructed plant-based diets
high in refined carbohydrates may not confer similar benefits [33,34]. These findings align with
broader nutritional epidemiology data linking diet quality to systemic inflammation and
mortality risk [35].

Comparative analyses of vegan, vegetarian, and omnivorous diets suggest modest
differences in oral health outcomes, with no consistent evidence of harm associated with well-

http://www.medicineandmaterials.com 257


http://www.medicineandmaterials.com/

G.A. PUHA et al.

balanced plant-based diets. However, potential micronutrient inadequacies warrant
consideration in periodontal risk assessment and dietary counseling [34]. Collectively, meta-
analytic evidence comparing multiple dietary patterns confirms that anti-inflammatory, nutrient-
dense diets are associated with reduced periodontal disease risk, while Western-style dietary
patterns exert detrimental effects [25].

Specific dietary strategies and adjunctive nutritional interventions

Beyond global dietary patterns, specific dietary strategies and structured nutritional
interventions have been investigated for their potential to modulate periodontal inflammation
and clinical outcomes. Comparative analyses of vegan, vegetarian, and omnivorous diets
indicate that overall oral health status is more strongly influenced by diet quality than by the
exclusion of animal-derived foods per se. Well-balanced plant-based diets do not appear to
adversely affect periodontal health; however, inadequate intake of key micronutrients may
increase susceptibility if not appropriately managed [34]. These findings align with broader
epidemiological data showing that high-quality diets, irrespective of dietary label, are
associated with reduced systemic inflammation and improved long-term health outcomes,
reinforcing their indirect relevance for periodontal disease modulation [35].

Table 2. Specific dietary strategies and adjunctive nutritional interventions in periodontal health

Dietary strategy  Key characteristics Primary mechanism Periodontal effect References
Plant-based diets High intake of Reduction of systemic ~ Neutral to beneficial effects [34]
(vegan/vegetaria fruits, vegetables, inflammation on periodontal health if
n) fiber, and reduced dependent on diet micronutrient intake is
animal products quality adequate
High-quality Balanced nutrient- Lower systemic Indirect reduction of [35]
diets dense food patterns inflammatory burden periodontal disease
(independent of susceptibility
dietary label)
Dietary and Anti-inflammatory Host modulation rather Improved clinical [36]
nutraceutical nutrients and than antimicrobial periodontal outcomes when
adjuncts to bioactive action combined with mechanical
periodontal compounds therapy
therapy
Dietary Microbiome- Maintenance of Attenuation of systemic and [37]
modulation of supportive dietary microbial homeostasis periodontal inflammatory
oral-gut-brain patterns and immune regulation pathways
axis
Low- Carbohydrate Improved glycemic Potential reduction in [38,39]
carbohydrate restriction; high-fat control and metabolic gingival inflammation;
and ketogenic intake regulation periodontal effects not fully
diets established
Metabolically Low carbohydrates Combined metabolic Improved gingival [40]
oriented low- with omega-3s, and anti-inflammatory inflammation and
carbohydrate antioxidants, and effects periodontal indices in
interventions fiber selected patients

Table 2 presents the overview of specific dietary strategies and adjunctive nutritional
interventions investigated for their potential role in modulating periodontal inflammation and
clinical outcomes, highlighting underlying metabolic and host-modulatory mechanisms.

Interventional research has increasingly explored dietary and nutraceutical approaches
as adjuncts to non-surgical periodontal therapy. Systematic evidence indicates that dietary
optimization, including increased intake of anti-inflammatory nutrients and bioactive
compounds, can enhance clinical periodontal outcomes when combined with conventional
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mechanical debridement. Such interventions act primarily through host modulation rather than
direct antimicrobial effects, supporting their role as complementary, not substitutive, strategies
[36].

Emerging mechanistic insights further expand the scope of dietary influence through
the oral-gut-brain axis, highlighting how diet-induced changes in gut microbiota may interact
with periodontal inflammation and systemic immune regulation. Experimental models suggest
that periodontitis-associated dysbiosis can extend beyond the oral cavity, potentially
contributing to systemic and neuroinflammatory pathways, thereby reinforcing the importance
of dietary interventions that support microbial homeostasis [37].

Low-carbohydrate and ketogenic diets have attracted interest due to their effects on
glycemic control and systemic inflammation. While ketogenic diets demonstrate efficacy in
improving metabolic parameters, particularly in diabetic populations, their implications for
periodontal health remain incompletely defined [38,39]. Pilot and controlled studies suggest
that carbohydrate restriction combined with increased intake of omega-3 fatty acids,
antioxidants, and fiber may lead to improvements in gingival inflammation and clinical
periodontal indices, supporting a metabolically oriented dietary approach in selected patients
[40].

Lifestyle factors and systemic interactions influencing periodontal health

Lifestyle-related factors interact closely with dietary exposures in shaping periodontal
inflammation and disease expression. Controlled clinical evidence indicates that dietary
interventions low in refined carbohydrates and enriched in omega-3 fatty acids, antioxidants,
and fiber can lead to significant improvements in gingival inflammation and clinical periodontal
indices, supporting the concept that metabolic control and anti-inflammatory nutrition act
synergistically at the periodontal level [40]. These findings emphasize that lifestyle-driven
metabolic status, particularly glucose homeostasis, is a critical modifier of periodontal
inflammatory burden.

Ketogenic and low-carbohydrate dietary models have been investigated primarily in
the context of metabolic disease. While ketogenic diets demonstrate consistent benefits in
glycemic control and insulin sensitivity, especially in diabetic populations, their periodontal
implications appear to be indirect and mediated through systemic metabolic improvements
rather than direct effects on periodontal tissues [38,39]. Pilot oral health studies suggest that
reductions in carbohydrate intake may decrease gingival inflammation, but the long-term
periodontal safety and sustainability of strict ketogenic regimens remain insufficiently defined
[41,42].

Beyond metabolic regulation, emerging research highlights the importance of systemic
microbial interactions, particularly the oral-gut axis, in periodontal pathophysiology.
Periodontal disease has been shown to influence gut microbial composition, potentially through
translocation of oral pathogens and inflammatory mediators, thereby contributing to systemic
immune dysregulation [44]. Clinical and experimental data indicate that alterations in gut
microbiota composition are associated with changes in intestinal barrier function and mucosal
immunity, processes that may amplify systemic inflammation and indirectly exacerbate
periodontal tissue destruction [45].

These bidirectional interactions reinforce the notion that periodontal disease is
embedded within a broader network of lifestyle-dependent systemic processes. Dietary habits,
metabolic control, and microbial homeostasis collectively shape host immune responses,
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influencing both local periodontal outcomes and extraoral inflammatory pathways [41-45].
Consequently, lifestyle optimization, encompassing balanced nutrition, metabolic health, and
systemic inflammatory regulation, should be considered an integral component of
comprehensive periodontal prevention and management strategies, rather than an adjunctive or
secondary consideration.

Oral-gut axis and systemic implications in periodontal disease

Increasing evidence positions periodontitis within a bidirectional oral-gut axis, in
which oral dysbiosis, systemic inflammation, and gut microbiota alterations interact to
influence disease expression beyond the oral cavity. Conceptual analyses of ketogenic and low-
carbohydrate dietary models emphasize that profound metabolic and microbial shifts induced
by diet may indirectly affect periodontal inflammation through systemic immune modulation,
rather than through direct effects on the periodontium itself [42]. These observations underscore
the relevance of considering distal microbial ecosystems when evaluating dietary interventions
in periodontal patients.

Experimental and translational studies have demonstrated that periodontal
inflammation can induce gut dysbiosis, linking oral microbial imbalance to intestinal microbial
alterations and systemic immune activation. In particular, experimental models of periodontitis
reveal associations between oral inflammation, gut microbiota disruption, and
neuroinflammatory pathways, supporting a broader oral-gut-brain axis framework [37]. Such
findings expand the pathophysiological relevance of periodontitis beyond localized tissue
destruction, implicating systemic inflammatory networks.

Clinical and mechanistic investigations further substantiate the oral-gut connection.
Periodontal disease has been associated with gastrointestinal disorders, suggesting that
translocation of oral bacteria and inflammatory mediators may contribute to intestinal mucosal
inflammation and barrier dysfunction [44]. Studies analyzing colonic mucosa-associated
microbiota demonstrate that poor oral health correlates with altered gut microbial profiles,
reinforcing the concept that oral dysbiosis can influence distal microbial niches [45].

At a mechanistic level, molecular and animal studies provide compelling evidence that
oral pathogens can directly reshape gut microbiota composition. Periodontitis has been shown
to induce gut dysbiosis through salivary microbiota, altering intestinal microbial balance and
immune signaling [47]. Specific pathogens, such as Porphyromonas gingivalis, have been
implicated in promoting intestinal inflammation by disrupting epithelial barrier integrity and
modulating CD4" T-cell responses, particularly IL-9-producing subsets, thereby linking
periodontal infection to systemic immune dysregulation [48].

Collectively, these findings support a systems-based model in which periodontal
disease is both a contributor to and a consequence of systemic microbial and inflammatory
alterations. Dietary patterns and lifestyle factors that promote microbial homeostasis and barrier
integrity may therefore exert periodontal benefits not only locally but also through modulation
of the oral-gut axis. Integrating this perspective into periodontal research and clinical practice
highlights the importance of comprehensive lifestyle-based strategies aimed at restoring
immune and microbial equilibrium across interconnected biological compartments [42-48].

Clinical implications
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Current evidence supports diet and lifestyle optimization as adjuncts to conventional
periodontal therapy, rather than standalone interventions. Anti-inflammatory dietary patterns,
adequate micronutrient intake, and metabolically favorable lifestyles can reduce systemic
inflammatory burden and modulate host immune responses, thereby enhancing periodontal
tissue stability and improving response to non-surgical therapy [26-36]. From a clinical
perspective, this underscores the importance of addressing modifiable risk factors beyond
plaque control, particularly in patients with recurrent periodontitis, slow healing, or systemic
comorbidities.

Personalized nutritional counseling represents a key translational step. Rather than
promoting restrictive or trend-based diets, clinicians should focus on overall diet quality,
inflammatory potential, and patient-specific risks, including metabolic status, smoking, and
nutritional deficiencies. Tailored counseling allows realistic dietary modifications that improve
adherence and long-term sustainability, while minimizing the risk of micronutrient imbalance
observed in poorly planned restrictive diets [34,35]. Importantly, dietary advice should be
framed within evidence-based periodontal goals, reinforcing its role as supportive host
modulation.

Integration of dietary and lifestyle assessment into preventive and maintenance
protocols is increasingly justified. Periodontal maintenance visits offer structured opportunities
to reinforce nutritional guidance, monitor lifestyle behaviors, and identify patients who may
benefit from interdisciplinary referral. This approach aligns with a preventive, patient-centered
model of periodontal care and reflects the growing recognition of periodontitis as a disease
influenced by systemic inflammatory and metabolic context [31,36].

Limitations of current evidence

Despite growing interest, the current body of evidence is constrained by several
methodological limitations. A major challenge is the heterogeneity of study designs, including
variability in dietary assessment tools, periodontal case definitions, and outcome measures,
which limits direct comparison across studies [25-35].

Observational data are predominant, particularly cross-sectional analyses, which
preclude robust causal inference. While such studies are valuable for hypothesis generation and
population-level insights, they remain susceptible to reverse causality and residual confounding.
Confounding lifestyle variables, such as smoking, physical activity, socioeconomic status, and
access to dental care, are difficult to fully control and may partially explain observed
associations between diet and periodontal outcomes. These factors necessitate cautious
interpretation of results and conservative translation into clinical recommendations [26-35].

Future research directions

Future investigations should prioritize long-term interventional trials with adequate
sample sizes, standardized periodontal outcomes, and rigorous dietary adherence monitoring.
Such studies are essential to clarify causality and quantify the true adjunctive benefit of dictary
modification. There is also a need for multimodal lifestyle interventions that simultaneously
address diet, physical activity, and metabolic control, reflecting real-world patient behavior and
the multifactorial nature of periodontal disease [31,36]. Finally, microbiome-targeted dietary
strategies represent a promising frontier. Advances in oral and gut microbiome research suggest
that diet-induced microbial modulation may play a central role in periodontal inflammation and
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systemic interactions. Integrating microbiome endpoints into future clinical trials will be critical
for advancing precision periodontal medicine [37-48].

Conclusions

Periodontal disease emerges from a complex interplay between microbial dysbiosis,
host immune response, and modifiable systemic factors. The evidence synthesized in this
review indicates that dietary patterns and lifestyle behaviors substantially influence periodontal
inflammation and tissue resilience by modulating systemic inflammatory tone, oxidative stress,
and immune regulation. Anti-inflammatory, nutrient-dense diets and metabolically favorable
lifestyles consistently align with improved periodontal parameters, supporting their relevance as
adjunctive determinants of periodontal health.

Beyond isolated nutrients, overall diet quality and lifestyle context appear more
influential in shaping periodontal outcomes than single dietary components. Mediterranean and
high-quality plant-based dietary patterns, together with adequate intake of key micronutrients
and omega-3 fatty acids, demonstrate coherent biological plausibility and clinical associations
with reduced periodontal disease severity. Importantly, these effects are mediated through host
modulation rather than direct antimicrobial action, reinforcing the paradigm that periodontal
therapy should extend beyond mechanical biofilm control to address systemic inflammatory
drivers and patient-specific risk profiles.

From a translational perspective, integrating dietary and lifestyle considerations into
periodontal care reflects a shift toward systems-based and personalized management strategies.
Periodontitis should be conceptualized within interconnected metabolic, inflammatory, and
microbial networks, including the oral-gut axis. While current evidence is limited by
heterogeneity and a predominance of observational designs, it provides a strong foundation for
multidisciplinary preventive approaches. Future research integrating long-term interventions,
microbiome analyses, and personalized nutritional strategies will be essential to refine
evidence-based recommendations and fully harness the therapeutic potential of lifestyle
optimization in periodontal medicine.

References

1. Shi X, Zhu P, Du M, Deng K, Li P, Sdenz-Ravello G, Xu S, Li A. Dietary patterns and
periodontitis: A systematic review. J Periodontal Res. 2025. 60,4,300-314. doi:
10.1111/jre.13346

2. Murererehe J, Uwitonze AM, Nikuze P, Patel J, Razzaque MS. Beneficial Effects of
Vitamin C in Maintaining Optimal Oral Health. Front Nutr. 2022. §,805809. doi:
10.3389/fnut.2021.805809

3. Buzatu R, Luca MM, Bumbu BA. Does Vitamin C Supplementation Provide a Protective
Effect in Periodontal Health? A Systematic Review and Meta-Analysis. International
Journal of Molecular Sciences. 2024. 25,16,8598. https://doi.org/10.3390/ijms25168598

4. Cao R, Qiu P, Zhou Y, Dong B, Han Y, Fan Z. The underlying relationship between
exercise and the prevalence of periodontitis: a systematic review and meta-analysis. BMC
Sports Sci Med Rehabil. 2023. 15,1,161. doi: 10.1186/s13102-023-00759-4

5. Trindade D, Carvalho R, Machado V, Chambrone L, Mendes JJ, Botelho J. Prevalence of
periodontitis in dentate people between 2011 and 2020: A systematic review and meta-

262 MED MATER 5, 4, 2025: 251-266



DIETARY PATTERNS, LIFESTYLE FACTORS, AND THEIR COMBINED IMPACT ON PERIODONTAL HEALTH

analysis of epidemiological studies. J Clin Periodontol. 2023. 50,5,604-626. doi:
10.1111/jcpe.13769

6. Scannapieco FA, Dongari-Bagtzoglou A. Dysbiosis revisited: Understanding the role of the
oral microbiome in the pathogenesis of gingivitis and periodontitis: A critical assessment. J
Periodontol. 2021. 92,8,1071-1078. doi: 10.1002/JPER.21-0120

7. Kazmierczak-Baranska J, Boguszewska K, Adamus-Grabicka A, Karwowski BT. Two
Faces of Vitamin C-Antioxidative and Pro-Oxidative Agent. Nutrients. 2020. 12,5,1501.
doi: 10.3390/nu12051501

8. Ustianowski L, Ustianowska K, Gurazda K, Rusinski M, Ostrowski P, Pawlik A. The Role
of Vitamin C and Vitamin D in the Pathogenesis and Therapy of Periodontitis-Narrative
Review. International Journal of Molecular Sciences. 2023; 24,7,6774.
https://doi.org/10.3390/ijms24076774

9. Li W, SongJ, Chen Z. The association between dietary vitamin C intake and periodontitis:
result from the NHANES (2009-2014). BMC Oral Health. 2022. 22,1,390. doi:
10.1186/s12903-022-02416-7

10. Munday MR, Rodricks R, Fitzpatrick M, Flood VM, Gunton JE. 4 Pilot Study Examining
Vitamin C Levels in Periodontal Patients. Nutrients. 2020. 12,8,2255. doi:
10.3390/nu12082255

11. Aytekin Z., Toraman A., Karagam K. Investigation of Effects of Local Vitamin C
Application on Inflammatory Response and Periodontal Tissue Destruction in Rat
Periodontitis Model. Selcuk. Dent. J. 2023. 10,371-376. doi:
10.15311/selcukdentj.1115391

12. Garand M, Toufiq M, Singh P, Huang SSY, Tomei S, Mathew R, Mattei V, Al Wakeel M,
Sharif E, Al Khodor S. Immunomodulatory Effects of Vitamin D Supplementation in a
Deficient Population. Int J Mol Sci. 2021. 22,9,5041. doi: 10.3390/ijms22095041

13. Liang F, Zhou Y, Zhang Z, Zhang Z, Shen J. Association of vitamin D in individuals with
periodontitis: an updated systematic review and meta-analysis. BMC Oral Health. 2023.
23,1,387. doi: 10.1186/s12903-023-03120-w

14. Liu X, Dai B, Chuai Y, Hu M, Zhang H. Associations between vitamin D levels and
periodontal  attachment loss. Clin Oral Investig. 2023. 27,8,4727-4733. doi:
10.1007/s00784-023-05100-4

15. Machado V., Lobo S., Proenca L., Mendes JJ, Botelho J. Vitamina D si parodontita: o
revizuire sistematica §i meta-analiza. Nutrienti. 2020. 12:2177. doi: 10.3390/nul12082177

16. Lu EM. The role of vitamin D in periodontal health and disease. J Periodontal Res. 2023.
58,2,213-224. doi: 10.1111/jre.13083

17. Yildirim YA, Ozturk A, Dogruel F, Saragoglu H, Yazic1 C. Serum vitamin D concentration
is inversely associated with matrix metalloproteinase-9 level in periodontal diseases. J
Periodontol. 2025. 96,6,663-674. doi: 10.1002/JPER.24-0106

18. Chakravarthy Y, Mishra A, Krishnan P, Pathakota KR, Vijaya V, Kamatham SN.
Evaluation of serum and gingival crevicular fluid levels of Vitamin D binding protein in
subjects with clinically healthy periodontium and chronic periodontitis: A clinico bio-
chemical study. Indian J Dent Res. 2022. 33,3,301-306. doi: 10.4103/ijdr.ijdr_646 21

19. Miroult C, Lasserre J, Toma S. Effects of Omega-3 as an adjuvant in the treatment of
periodontal disease: A systematic review and meta-analysis. Clin Exp Dent Res. 2023.
9,4,545-556. doi: 10.1002/cre2.736

http://www.medicineandmaterials.com 263


http://www.medicineandmaterials.com/

G.A. PUHA et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

264

Van Ravensteijn MM, Timmerman MF, Brouwer EAG, Slot DE. The effect of omega-3
fatty acids on active periodontal therapy: A systematic review and meta-analysis. J Clin
Periodontol. 2022. 49,10,1024-1037. doi: 10.1111/jcpe.13680

Bartha V, Exner L, Schweikert D, Woelber JP, Vach K, Meyer AL, Basrai M, Bischoff SC,
Meller C, Wolff D. Effect of the Mediterranean diet on gingivitis: A randomized controlled
trial. J Clin Periodontol. 2022. 49,2,111-122. doi: 10.1111/jcpe.13576

Cao H, Wang M, Duan M, Wang S, Zhang H. Association of serum calcium level with
periodontitis: a cross-sectional study from NHANES 2009-2014. Front Nutr. 2025.
11:1520639. doi: 10.3389/fnut.2024.1520639

Lobacz M, Mertowska P, Mertowski S, Kozinska A, Kwasniewski W, Kos M, Grywalska
E, Rahnama-Hezavah M. The Bloody Crossroads: Interactions between Periodontitis and
Hematologic Diseases. Int J Mol Sci. 2024. 25,11,6115. doi: 10.3390/ijms25116115

Zhou F, Yao S, Shan F, Zhou Y. Serum zinc and periodontitis in non-diabetic smoking and
non-smoking adults: NHANES 2011-2014. Oral Dis. 2024. 30,4,2592-2598. doi:
10.1111/0di.14650

Jeong J, Kim HS, Lee D, Kim K, Kim YH. 4ssociation between Four Dietary Patterns and
the Risk of Periodontal Diseases: A Systematic Review and Meta-Analysis. Nutrients. 2022.
14,20,4362. doi: 10.3390/nu14204362

Graff E, Vedantam S, Parianos M, Khakoo N, Beiling M, Pearlman M. Dietary Intake and
Systemic Inflammation: Can We Use Food as Medicine? Curr Nutr Rep. 2023. 12,2,247-
254. doi: 10.1007/s13668-023-00458-z.

Bartha V, Exner L, Schweikert D, Woelber JP, Vach K, Meyer AL, Basrai M, Bischoff SC,
Meller C, Wolff D. Effect of the Mediterranean diet on gingivitis: A randomized controlled
trial. J Clin Periodontol. 2022. 49,2,111-122. doi: 10.1111/jcpe.13576

Aalizadeh Y, Khamisi N, Asghari P, Safari A, Mottaghi M, Taherkhani MH, Alemi A,
Ghaderi M, Rahmanian M. The Mediterranean diet and periodontitis: A systematic review
and meta-analysis. Heliyon. 2024. 10,15,e35633. doi: 10.1016/j.heliyon.2024.e35633.
Iwasaki M, Ennibi OK, Bouziane A, Erraji S, Lakhdar L, Rhissassi M, Ansai T, Yoshida A,
Miyazaki H. Association between periodontitis and the Mediterranean diet in young
Moroccan individuals. J Periodontal Res. 2021. 56,2,408-414. doi: 10.1111/jre.12833
Laiola M, De Filippis F, Vitaglione P, Ercolini D. 4 Mediterranean Diet Intervention
Reduces the Levels of Salivary Periodontopathogenic Bacteria in Overweight and Obese
Subjects. Appl Environ Microbiol. 2020. 86,12,e00777-20. doi: 10.1128/AEM.00777-20
Marruganti C, Traversi J, Gaeta C, Ferrari Cagidiaco E, Parrini S, Discepoli N, Grandini S.
Adherence to Mediterranean diet, physical activity level, and severity of periodontitis:
Results from a university-based cross-sectional study. J Periodontol. 2022. 93,8,1218-
1232. doi: 10.1002/JPER.21-0643

Marruganti C, Baima G, Grandini S, Graziani F, Aimetti M, Sanz M, Romandini M.
Leisure-time and occupational physical activity demonstrate divergent associations with
periodontitis: A population-based study. J Clin Periodontol. 2023. 50,5,559-570. doi:
10.1111/jcpe.13766

Li A, Qiu B, Goettsch M, Chen Y, Ge S, Xu S, Tjakkes GE. Association between the
quality of plant-based diets and periodontitis in the U.S. general population. J Clin
Periodontol. 2023. 50,5,591-603. doi: 10.1111/jcpe.13785

MED MATER 5, 4, 2025: 251-266



DIETARY PATTERNS, LIFESTYLE FACTORS, AND THEIR COMBINED IMPACT ON PERIODONTAL HEALTH

34. Azzola LG, Fankhauser N, Srinivasan M. Influence of the vegan, vegetarian and omnivore
diet on the oral health status in adults: a systematic review and meta-analysis. Evid Based
Dent. 2023. 24,1,43-44. doi: 10.1038/s41432-023-00853-z

35. Wang YB, Page AJ, Gill TK, Melaku YA. The association between diet quality, plant-
based diets, systemic inflammation, and mortality risk: findings from NHANES. Eur J
Nutr. 2023. 62,7,2723-2737. doi: 10.1007/s00394-023-03191-z

36. Woelber JP, Reichenbicher K, GroB T, Vach K, Ratka-Kriiger P, Bartha V. Dietary and
Nutraceutical Interventions as an Adjunct to Non-Surgical Periodontal Therapy—A
Systematic Review. Nutrients. 2023. 15,6,1538. https://doi.org/10.3390/nu15061538

37. Sansores-Espafia LD, Melgar-Rodriguez S, Olivares-Sagredo K, Cafferata EA, Martinez-
Aguilar VM, Vernal R, Paula-Lima AC, Diaz-Zuiiga J. Oral-Gut-Brain Axis in
Experimental Models of Periodontitis: Associating Gut Dysbiosis With Neurodegenerative
Diseases. Front Aging. 2021. 2:781582. doi: 10.3389/fragi.2021.781582

38. Sharon F. Daley; Wajeed Masood; Pavan Annamaraju; Mahammed Z. Khan Suheb. The
Ketogenic Diet: Clinical Applications, Evidence-based Indications, and Implementation.
StatPearls. 2025. https://www.ncbi.nlm.nih.gov/books/NBK499830/

39. Alarim RA, Alasmre FA, Alotaibi HA, Alshehri MA, Hussain SA. Effects of the Ketogenic
Diet on Glycemic Control in Diabetic Patients: Meta-Analysis of Clinical Trials. Cureus.
2020. 12,10,e10796. doi: 10.7759/cureus.10796

40. Rajaram SS, Nisha S, Ali NM, Shashikumar P, Karmakar S, Pandey V. Influence of a Low-
Carbohydrate and Rich in Omega-3 Fatty Acids, Ascorbic Acid, Antioxidants, and Fiber
Diet on Clinical Outcomes in Patients with Chronic Gingivitis: A Randomized Controlled
Trial. J Int Soc Prev Community Dent. 2021. 11,1,58-67.  doi:
10.4103/jispcd.JISPCD 365 20

41. Woelber JP, Tennert C, Ernst SF, Vach K, Ratka-Kriiger P, Bertz H, Urbain P. Effects of a
Non-Energy-Restricted Ketogenic Diet on Clinical Oral Parameters. An Exploratory Pilot
Trial. Nutrients. 2021. 13,12,4229. doi: 10.3390/nu13124229

42. Taher HA, Salah A, Rammal C, Varma SR. Role of ketogenic diet and its effect on the
periodontium. A scoping review. Front Oral Health. 2024. 5,1364578. doi:
10.3389/froh.2024.1364578

43. Jamka M, Kulczynski B, Juru¢ A, Gramza-Michalowska A, Stokes CS, Walkowiak J. The
Effect of the Paleolithic Diet vs. Healthy Diets on Glucose and Insulin Homeostasis: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. J Clin Med. 2020.
9,2,296. doi: 10.3390/jcm9020296

44. Lam GA, Albarrak H, McColl CJ, Pizarro A, Sanaka H, Gomez-Nguyen A, Cominelli F,
Paes Batista da Silva A. The Oral-Gut Axis: Periodontal Diseases and Gastrointestinal
Disorders. Inflamm Bowel Dis. 2023. 29,7,1153-1164. doi: 10.1093/ibd/izac241

45. Xu AA, Hoffman K, Gurwara S, White DL, Kanwal F, El-Serag HB, Petrosino JF, Jiao L.
Oral Health and the Altered Colonic Mucosa-Associated Gut Microbiota. Dig Dis Sci.
2021. 66,9,2981-2991. doi: 10.1007/s10620-020-06612-9

46. Kitamoto S, Nagao-Kitamoto H, Hein R, Schmidt TM, Kamada N. The Bacterial
Connection between the Oral Cavity and the Gut Diseases. J Dent Res. 2020. 99,9,1021-
1029. doi: 10.1177/0022034520924633

http://www.medicineandmaterials.com 265


http://www.medicineandmaterials.com/

G.A. PUHA et al.

47. Bao J, Li L, Zhang Y, Wang M, Chen F, Ge S, Chen B, Yan F. Periodontitis may induce

48.

266

gut microbiota dysbiosis via salivary microbiota. Int J Oral Sci. 2022. 14,1,32. doi:
10.1038/s41368-022-00183-3

Sohn J, Li L, Zhang L, Settem RP, Honma K, Sharma A, Falkner KL, Novak JM, Sun Y,
Kirkwood KL. Porphyromonas gingivalis indirectly elicits intestinal inflammation by
altering the gut microbiota and disrupting epithelial barrier function through IL9-
producing CD4" T cells. Mol Oral Microbiol. 2022. 37,2,42-52. doi: 10.1111/omi.12359

MED MATER 5, 4, 2025: 251-266



