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ABSTRACT

Introduction: Oral health is increasingly recognized as a critical component of overall health and well-being. Poor oral
hygiene, particularly dental caries and periodontal disease, has been linked not only to local oral conditions but also to
systemic complications, including cardiovascular disease, type 2 diabetes mellitus, respiratory infections, adverse pregnancy
outcomes, and neurodegenerative disorders. This review aims to provide a comprehensive overview of the prevention and
management of systemic complications arising from poor oral hygiene, summarizing current evidence on biological
mechanisms, disease associations, and preventive strategies.

Materials and Methods: A comprehensive literature search was conducted using PubMed, Scopus, Web of Science, and
Google Scholar to identify studies investigating the relationship between oral hygiene, periodontal disease, and systemic
health outcomes. Keywords included: oral hygiene, periodontal disease, systemic diseases, cardiovascular disease, diabetes,
adverse pregnancy outcomes, respiratory disease, neurodegenerative disease, and oral-systemic link.

Conclusion: Evidence indicates that oral health is essential for maintaining physical, mental, and social well-being.
Preventive dental care, including early detection and management of caries, periodontal disease, and malocclusion, reduces
disease progression, systemic complications, and psychosocial burden. Equitable access to dental services is critical, as
limited access exacerbates health disparities and worsens outcomes. Integrating oral healthcare within comprehensive health
systems and emphasizing prevention can improve individual and population-level health and quality of life.
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Introduction

Oral health is increasingly recognized as an integral component of overall health and well-being rather
than an isolated aspect of medical care, as numerous studies have demonstrated its close association not only
with oral conditions but also with systemic diseases [1].

The oral cavity represents a complex biological and ecological system that functions as a critical
interface between the external environment and the systemic circulation. Nevertheless, oral diseases,
particularly dental caries and periodontal disease, remain among the most prevalent chronic conditions
worldwide, affecting individuals across all age groups and socioeconomic backgrounds [1,2,3].

Despite their high global burden, these conditions are still frequently underestimated in healthcare
systems and public health policies, where oral health is often addressed separately from general medical care.
This separation contributes to delayed diagnosis, insufficient prevention, and missed opportunities to mitigate
broader health consequences associated with poor oral hygiene.

Over the past decades, growing evidence has demonstrated that inadequate oral hygiene is not merely a
local problem confined to the oral cavity but a significant risk factor for a wide range of systemic diseases [4].
Chronic oral infections and periodontal inflammation have been associated with cardiovascular diseases,
metabolic disorders such as type 2 diabetes mellitus, adverse pregnancy outcomes, respiratory diseases, and
neurodegenerative conditions [5].

These associations are supported by epidemiological data, clinical studies, and mechanistic research
highlighting the role of chronic low-grade systemic inflammation, bacteremia, and immune dysregulation
originating from oral pathology [6,7].

Periodontal disease is a chronic inflammatory condition characterized by dysbiosis of the oral
microbiome and destruction of the supporting structures of the teeth. Pathogenic microorganisms and their
virulence factors, including lipopolysaccharides, can enter the systemic circulation through ulcerated
periodontal tissues, triggering endothelial dysfunction and systemic inflammatory responses. This persistent
inflammatory burden has been proposed as a key mechanism linking poor oral hygiene to the development and
progression of systemic diseases [4,8].

Despite the accumulating body of evidence, oral health is still frequently excluded from integrated
models of healthcare delivery and preventive medicine. Stomatology and general medicine often operate in
parallel rather than in collaboration, resulting in missed opportunities for early detection, prevention, and
comprehensive management of systemic complications related to oral diseases. This fragmentation is further
exacerbated by socioeconomic disparities, limited access to dental care, and insufficient public awareness of
the systemic consequences of poor oral hygiene, all of which contribute to health inequities on a population
level [9].

From a public health perspective, improving oral hygiene and access to preventive dental care represents
a potentially cost-effective strategy to reduce the burden of chronic systemic diseases. Preventive interventions
targeting oral health may not only improve quality of life but also contribute to broader health outcomes by
mitigating systemic inflammation and reducing the incidence of associated complications. Consequently, the
integration of oral health into general health promotion strategies aligns closely with contemporary approaches
to health equity and interdisciplinary care [9].

The aim of this review is to provide a comprehensive and interdisciplinary overview of the prevention
and management of systemic complications arising from poor oral hygiene. We summarize current knowledge
on the biological mechanisms linking oral and systemic health, review the evidence connecting poor oral
hygiene with major systemic diseases and discuss preventive and therapeutic strategies at both the individual
and public health levels. By highlighting the central role of oral health in overall well-being, this review seeks
to support a more integrated approach to healthcare that bridges dentistry, medicine, and public health.

Materials and methods

A comprehensive literature search was conducted to identify studies examining the relationship between
oral hygiene, periodontal disease, and systemic health outcomes. The search was performed using PubMed,
Scopus, Web of Science, and Google Scholar. Keywords included: “oral hygiene”, “periodontal disease”,
“systemic diseases”, ‘“cardiovascular disease”, ‘“diabetes mellitus”, ‘“adverse pregnancy outcomes”,
“respiratory disease”, “neurodegenerative disease”, “inflammation”, and ‘“oral-systemic link”. Additional
relevant publications were identified through a manual review of the reference lists of selected articles.

Studies published within the last ten years were considered, with a focus on clinical trials, cohort and
case-control studies, systematic reviews, and meta-analyses. Articles were included if they provided data on
associations between oral health status and systemic conditions, or mechanistic insights into the oral-systemic

connection.
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Oral microbiome and pathophysiological mechanisms linking oral and systemic health

The oral cavity hosts a highly diverse microbial community, collectively referred to as the oral
microbiome, which plays a critical role in maintaining both oral and systemic homeostasis. A balanced
microbiome contributes to immune regulation, inhibition of pathogenic colonization, and the maintenance of
oral tissue integrity. However, poor oral hygiene can disrupt this balance, leading to dysbiosis characterized
by the overgrowth of pathogenic bacteria and fungi, including Porphyromonas gingivalis, Fusobacterium
nucleatum, and Aggregatibacter actinomycetemcomitans, but also Penicillium, Rhodotorula,
Saccharomycetales, Streptococcus, Veillonella, Neisseria, Actinomyces, and Schizophyllum. These pathogens
produce virulence factors such as lipopolysaccharides, proteases, and toxins, which can damage periodontal
tissues and elicit local inflammatory responses [10,11,12].

Chronic periodontal inflammation can exert systemic effects through several interconnected
mechanisms. Pathogenic bacteria and their products can enter the bloodstream via ulcerated periodontal
pockets, leading to transient bacteremia. This, in turn, promotes systemic inflammation, endothelial
dysfunction, and immune system activation, potentially contributing to the onset or progression of
cardiovascular disease, diabetes, and other chronic disorders. Moreover, locally produced inflammatory
mediators, such as cytokines (e.g., IL-6, TNF-a, CRP), may spill into systemic circulation, amplifying the
overall inflammatory load. Dysbiosis and persistent oral inflammation can also impact distant organs through
microbiome-mediated pathways, including alterations in gut microbiota and activation of neuroinflammatory
processes [7,13].

Importantly, the relationship between oral microbiota and systemic health is bidirectional. Systemic
conditions such as diabetes mellitus or immunodeficiency can exacerbate dysbiosis and periodontal disease,
creating a self-perpetuating cycle of inflammation and tissue damage. Understanding these mechanisms
highlights the oral cavity as a key hub in systemic health and underscores the importance of preventive and
therapeutic strategies aimed at maintaining microbial balance and controlling inflammation [14,15,16].

Systemic complications associated with poor oral hygiene

Cardiovascular diseases

Poor oral hygiene and chronic periodontal disease have been consistently associated with an increased
risk of cardiovascular diseases, including atherosclerosis, endocarditis, and hypertension. From a mechanistic
perspective, the systemic inflammatory burden generated by periodontal infections plays a central role in
endothelial dysfunction, an early and critical step in atherogenesis. Pathogenic bacteria, particularly
Porphyromonas gingivalis, along with their virulence factors, can enter the bloodstream through ulcerated
periodontal pockets, triggering vascular inflammation, oxidative stress, and promoting the development of
atherosclerotic plaques [17,18,19].

Epidemiological research has revealed a strong link between periodontitis and major cardiovascular
events, including myocardial infarction and stroke. Meta-analyses have shown that individuals with severe
periodontitis face a higher relative risk of developing coronary artery disease compared to those with healthy
periodontal status. Furthermore, periodontal treatment has been associated with reductions in systemic
inflammatory markers, such as CRP and IL-6, indicating potential benefits for lowering cardiovascular risk
[20,21].

In addition, poor oral health has been implicated in the development of infective endocarditis,
particularly among individuals with underlying cardiac conditions. Chronic periodontal infections can induce
transient bacteremia, enabling oral pathogens to colonize damaged endocardial surfaces [22]. Periodontitis has
also been linked to hypertension, potentially through mechanisms involving systemic inflammation,
endothelial dysfunction, and immune dysregulation. Together, these findings highlight the critical role of oral
health as a modifiable risk factor in the prevention and management of cardiovascular diseases [17].

Metabolic disorders

A growing body of evidence indicates a strong and bidirectional association between poor oral hygiene,
periodontal disease, and metabolic disorders, particularly type 2 diabetes mellitus. Periodontitis is increasingly
regarded as both a consequence and a contributing factor of diabetes, with chronic periodontal inflammation
aggravating metabolic imbalance. Ongoing infection within periodontal tissues stimulates the production of
proinflammatory mediators that disrupt insulin signaling pathways, ultimately leading to poorer glycemic
control.
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Insulin resistance constitutes a central mechanistic connection between periodontal disease and
metabolic dysfunction. The systemic spread of inflammatory cytokines, including IL-6, TNF-o and CRP,
originating from inflamed periodontal tissues, can disrupt insulin sensitivity in peripheral tissues such as
skeletal muscle and adipose tissue. This proinflammatory environment fosters chronic low-grade systemic
inflammation, a defining feature of type 2 diabetes mellitus and metabolic syndrome [14,15].

In contrast, chronic hyperglycemia and the formation of advanced glycation end products in diabetes
negatively influence periodontal health by weakening host immune defenses, intensifying oxidative stress, and
altering the composition of the oral microbiota. These pathological changes hasten periodontal tissue
degradation and amplify inflammatory cascades, ultimately sustaining a vicious cycle that links metabolic
imbalance with the progression of periodontal disease [23].

Notably, periodontal treatment has gained recognition as a supportive intervention in metabolic
regulation. Evidence from clinical investigations indicates that non-surgical periodontal therapy can result in
small yet clinically relevant improvements in glycemic control, reflected by reductions in glycated hemoglobin
(HbAlc), along with decreases in systemic inflammatory biomarkers among patients with type 2 diabetes.
Collectively, these observations underscore the significance of periodontal care not only for maintaining oral
health but also for enhancing metabolic control and potentially mitigating diabetes-related complications [24].

Neurological and neurodegenerative diseases

An increasing body of research indicates that inadequate oral hygiene and chronic periodontal disease
may play a role in the onset and progression of neurological and neurodegenerative conditions, such as
Alzheimer’s and Parkinson’s diseases. These links are thought to arise from persistent systemic inflammation,
immune dysregulation, and the dissemination of oral pathogens and their toxic metabolites beyond the oral
cavity. Given the heightened sensitivity of the central nervous system to inflammatory and microbial
challenges, the oral-brain axis has become an important focus of research in neurodegenerative disease [25,26].

In Alzheimer’s disease, periodontal pathogens — particularly Porphyromonas gingivalis — have been
implicated in driving neuroinflammatory processes. Evidence from studies has revealed bacterial DNA,
virulence factors, and gingipains within the brains of affected individuals, pointing to a potential direct
microbial contribution. These pathogens and their neurotoxic products may reach the central nervous system
either via the bloodstream or through neural routes, including the trigeminal and olfactory nerves. Once
established in the brain, they can activate microglia, enhance amyloid-p deposition, and aggravate tau
pathology, collectively accelerating neurodegenerative progression [25,27,28].

Furthermore, an increasing body of research points to a link between periodontal infections and
Parkinson’s disease, potentially driven by shared inflammatory and immunological mechanisms. Chronic
inflammation localized in the periodontium may trigger neuroinflammatory responses and oxidative stress,
thereby heightening the vulnerability of dopaminergic neurons. It is hypothesized that the systemic rise in
cytokines resulting from periodontitis compromises the integrity of the blood—brain barrier, facilitating the
translocation of inflammatory agents and microbial byproducts into the central nervous system [25,29,30].

Neuroinflammation serves as a central link between compromised oral health and the development of
neurodegenerative disorders. Chronic oral dysbiosis is capable of maintaining a state of low-grade systemic
inflammation, which in turn fosters persistent microglial activation and subsequent neuronal degradation.
Furthermore, the translocation of oral pathogens and their associated endotoxins may disrupt brain homeostasis
by altering gut microbiota and activating neuroimmune pathways. Consequently, these insights highlight oral
hygiene and the clinical management of periodontal disease as vital, modifiable interventions to decrease
neuroinflammatory stress and potentially slow the progression of neurodegenerative pathologies [25,31,32].

Respiratory diseases

There is growing recognition that inadequate oral hygiene and persistent periodontal infections are major
risk factors for respiratory diseases, most notably aspiration pneumonia and chronic obstructive pulmonary
disease (COPD). The mouth acts as a primary sanctuary for pathogens that may be inhaled into the lower
airways, a risk that is particularly acute among elderly or institutionalized individuals. Such aspiration of oral
flora can trigger acute lung infections, worsen the severity of chronic respiratory ailments, and contribute to
higher rates of morbidity and mortality [33,34].
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Four possible mechanisms have been described to explain the biological plausibility of an association
between oral conditions and nosocomial respiratory infections:

1. Direct aspiration of oral pathogens into the lungs. Periodontal organisms such as Porphyromonas
gingivalis and Aggregatibacter actinomycetemcomitans have been implicated in aspiration pneumonia.
Moreover, dental biofilms can be colonized by pulmonary pathogens, reinforcing the idea that the oral cavity
may serve as a reservoir for microbes responsible for respiratory infections in high-risk patients.

2. Enzymatic remodeling of the respiratory mucosa. A second, more complex pathway involves the
biochemical modification of the respiratory tract's mucosal surfaces by salivary enzymes. In the presence of
active periodontal disease, there is a marked increase in the concentration of proteolytic enzymes, such as
mannosidase, fucosidase, and sialidase. These enzymes, secreted by both the oral microbiota and infiltrating
polymorphonuclear leukocytes, physically alter the mucosal epithelium. By hydrolytically removing surface
fibronectin, these enzymes strip away a crucial protective layer, thereby exposing specific receptors that
respiratory pathogens use for attachment. Consequently, poor oral hygiene directly correlates with heightened
enzymatic activity, creating a landscape that is far more receptive to bacterial colonization and subsequent
infection.

3. Degradation of protective salivary barriers. In addition to modifying the epithelium,
periodontopathic bacteria actively dismantle the host's first line of defense: the protective salivary film.
Hydrolytic enzymes, particularly those produced by P. gingivalis, are capable of degrading salivary mucins
and other molecules that typically inhibit bacterial adhesion. When these protective films are compromised,
the respiratory mucosa loses its "non-stick" properties, allowing pathogens to anchor themselves more
effectively to the mucosal receptors. This enzymatic degradation means that individuals with chronic oral
inflammation possess a significantly weakened barrier against the infiltration of respiratory invaders.

4. Systemic and local cytokine-mediated vulnerability. Finally, the persistent inflammatory state
characteristic of untreated periodontal disease leads to a chronic release of pro-inflammatory cytokines and
other biologically active mediators. These molecules originate from both the diseased periodontal tissues and
peripheral mononuclear cells. Once released, they can induce structural changes in the respiratory epithelium
and upregulate the expression of adhesion receptors. This systemic and local "priming" of the lungs not only
encourages the colonization of pathogenic bacteria but also exacerbates the host's inflammatory response,
significantly increasing the overall risk and severity of respiratory infections.

Collectively, these mechanisms illustrate the complex interplay between oral health and respiratory
disease and underscore the importance of rigorous oral hygiene and targeted periodontal care, particularly in
hospitalized and geriatric populations, as a preventive strategy to reduce respiratory complications [35].

Consistent epidemiological data demonstrate a correlation between periodontal infections and an
elevated incidence of aspiration pneumonia, with the highest risk observed in the elderly and those suffering
from dysphagia. For individuals with COPD, persistent oral inflammation and microbial imbalances are tied
to more frequent and severe flare-ups. This relationship is likely facilitated by the systemic spread of pro-
inflammatory markers and the direct migration of oral pathogens into the respiratory system [36].

Moreover, individuals in clinical settings, particularly those within intensive care units or under
prolonged mechanical ventilation, face a significantly elevated risk of respiratory ailments linked to inadequate
oral care. Research demonstrates that rigorous oral hygiene protocols, such as mechanical plaque debridement
and the application of antimicrobial rinses, effectively lower the frequency of ventilator-associated pneumonia
(VAP) and enhance recovery rates. Such evidence highlights the necessity of prioritizing oral health as a
fundamental preventive measure to safeguard the respiratory systems of high-risk patients [37].

Pregnancy outcomes

Accumulating evidence indicates that poor oral hygiene and periodontal disease are associated with
adverse pregnancy outcomes, most notably preterm birth and low birth weight. Pregnancy is characterized by
profound hormonal and immunological changes that can exacerbate gingival inflammation and periodontal
tissue breakdown, thereby increasing susceptibility to oral infections. In turn, untreated periodontal disease
may act as a chronic inflammatory burden capable of influencing maternal—fetal health [38.39].

During pregnancy, the maternal body undergoes dramatic hormonal fluctuations — particularly the
marked increase in estrogen and progesterone levels — which significantly alter the vascular response and
immune environment of the gingival tissues. These systemic changes often exacerbate pre-existing gingival
inflammation, leading to a condition commonly referred to as pregnancy gingivitis, and accelerating the
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breakdown of periodontal support structures. Consequently, the pregnant patient becomes uniquely susceptible
to opportunistic oral infections [40,41].

Preterm birth and low birth weight have been consistently linked to maternal periodontal disease in
epidemiological studies. Women with moderate to severe periodontitis appear to have a higher risk of
delivering prematurely or giving birth to infants with reduced birth weight compared to periodontally healthy
counterparts. These outcomes carry significant clinical implications, as both preterm birth and low birth weight
are major contributors to neonatal morbidity, long-term developmental complications, and infant mortality
[39,42,43].

The biological plausibility of this association is supported by a dual pathway involving both
inflammatory and microbiological mechanisms. Untreated periodontal disease is not merely a localized
condition; rather, it functions as a persistent reservoir of chronic systemic inflammation. This sustained
“inflammatory burden” can trigger a systemic dissemination of pro-inflammatory mediators, including
prostaglandin E2 (PGE2), TNF-q, and various interleukins (IL-1, IL-6). These molecules are known biological
regulators of labor onset and fetal growth; when present at elevated levels, they may prematurely activate
uterine contractions or impair placental function. In addition to this biochemical signaling, a direct
microbiological pathway has been proposed. Oral pathogens and their associated endotoxins can translocate
hematogenously from the gingival tissues directly to the placenta and amniotic fluid. Once these microbes
infiltrate the maternal—fetal unit, they trigger localized inflammatory responses that further compromise the
intrauterine environment. Collectively, these systemic and direct effects can dictate the timing of labor and
undermine fetal development. Consequently, the maintenance of periodontal health is increasingly viewed as
an indispensable component of comprehensive prenatal care, essential for mitigating preventable risks to both
mother and child [44,45,46,47].

Taken together, these insights emphasize that maintaining superior oral health is a critical determinant
of a successful pregnancy. Implementing routine periodontal screenings and ensuring access to specialized
dental care throughout gestation could serve as vital preventive measures, effectively limiting systemic
inflammatory exposure. Such evidence necessitates a paradigm shift toward a more integrated healthcare
model, where dental and obstetric professionals work in close coordination to minimize the risk of adverse
birth outcomes and safeguard maternal—fetal well-being [47,48]. The major systemic complications associated
with poor oral hygiene are summarized in Table 1.

Table 1. Major systemic complications associated with poor oral hygiene.

Mechanistic pathway Description Associated systemic outcomes
Chronic low-grade systemic |Persistent release of pro-inflammatory cytokines| CVD, diabetes, neurodegeneration,
inflammation from periodontal tissues adverse pregnancy outcomes
. . Entry of oral pathogens into bloodstream  |Endocarditis, atherosclerosis, placental
Transient bacteremia . . .
through ulcerated periodontal pockets infection
Endothelial dysfunction Inflammatory and oxidative vascular damage Hypertension, atherosclerosis

Cytokine-mediated interference with glucose

Insulin signaling disruption Type 2 diabetes mellitus

metabolism
Neurom.ﬂan}matory Microglial stimulation, amyloid-f deposition, Alzheimer’s discase
activation tau pathology
Aspiration of oral pathogens| Inhalation of dental biofilm bacteria into lungs Pneumonia, COPD exacerbations
Enzymatic m‘ucosal Proteolytic enzymes alter respiratory epithelium Respiratory infections
degradation and salivary protection
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Prevention of systemic complications through oral health management

Individual-level prevention

Individual-level prevention is a cornerstone of periodontal care, enabling patients to directly influence
disease progression through targeted oral hygiene practices and lifestyle modifications. Evidence indicates that
personalized preventive measures can effectively reduce gingival inflammation, limit periodontal tissue
destruction, and contribute to long-term stabilization of periodontal status. Emphasizing patient engagement
in daily preventive behaviors is therefore essential, not only for maintaining oral health but also for mitigating
systemic consequences associated with chronic periodontal disease [49].

Daily oral hygiene practices, including regular toothbrushing with fluoride toothpaste and appropriate
interdental cleaning, are consistently promoted as effective preventive measures. However, the adoption and
maintenance of these behaviors are not determined solely by individual choice or awareness. Socioeconomic
circumstances influence access to essential oral hygiene products, and in many low- and middle-income
countries the affordability of fluoride toothpaste remains limited. As a result, disparities in the ability to
perform recommended hygiene practices contribute to persistent inequalities in oral health outcomes [49].

Patient education is therefore essential to support effective self-care and informed decision making.
Improving individuals' understanding of oral disease risk and preventive behaviors is a key objective of chairside
counseling and public health messaging. Nevertheless, the impact of patient education is often constrained by
environments saturated with marketing products that are detrimental to health. Extensive promotion of sugar-rich
foods and beverages, particularly to children, shapes preferences and consumption patterns early in life, reducing
the effectiveness of individual-level advice and reinforcing unhealthy behaviors [49].

Dietary factors play a particularly important role in the prevention of oral diseases, with free sugar
consumption representing a major modifiable risk factor. Global increases in sugar availability, driven by
economic development and the expansion of multinational food and beverage corporations, have contributed
to rising rates of dental care. Nutritional counseling at the individual level can help raise awareness of the
relationship between diet and oral health and encourage healthier choices. However, such counseling operates
within commercial environments in which sugary products are widely available, aggressively marketed, and
increasingly affordable. Consequently, even well-informed individuals may face significant challenges in
translating knowledge into sustained behavioral change [49].

Professional dental care

Professional dental care is crucial for the prevention and management of periodontal diseases, primarily
through timely diagnosis, appropriate intervention, and continuous monitoring. Traditional periodontal
assessment relies on clinical and radiographic evaluations, which remain the standard for determining disease
extent and guiding treatment. While these methods effectively manage established disease, they are based on
retrospective indicators of tissue damage and provide limited insight into current disease activity. This restricts
the ability to assess real-time response to therapy, identify patients at higher risk of progression, and optimize
the use of emerging targeted interventions aimed at reducing disease activity and preventing further tissue loss
[49,50].

Periodontal treatment strategies encompass both non-surgical and surgical approaches. Non-surgical
therapy, including scaling and root planning, adjunctive local or systemic pharmacological interventions, and
reinforcement of oral hygiene practices, forms the foundation of periodontal care in most patients. Surgical
interventions, such as flap procedures, regenerative therapy, and pocket reduction, are indicated when non-
surgical management alone is insufficient, particularly in cases with deep periodontal pockets, significant
attachment loss, or complex anatomical considerations. Following these protocols allows clinicians to stabilize
disease, promote tissue regeneration where possible, and reduce the microbial and inflammatory burden within
the periodontium [49,50].

The release of inflammatory mediators from periodontal tissues represents a biologically plausible
mechanism linking periodontitis with chronic systemic diseases. Effective periodontal therapy, by reducing
microbial burden and local inflammation, can substantially modulate the body’s systemic inflammatory
response. Although epidemiological evidence supports this association, the lack of standardization in disease
definitions, study designs, and treatment protocols limits the ability to draw definitive conclusions. Advancing
this field requires precise disease classification, clearly defined and reproducible intervention protocols,
rigorous statistical analysis, and adequately powered clinical trials. Only through such improvements can the
extent to which periodontal therapy reduces systemic inflammatory markers and translates into meaningful,
clinically significant systemic health benefits be reliably determined [49,50,51].
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Management strategies for systemic complications related to oral diseases

Periodontal treatment as a systemic intervention

Periodontal treatment is crucial not only for preserving oral health but also for mitigating systemic risks
associated with chronic diseases. Evidence demonstrates that periodontitis contributes to systemic
inflammation, which can exacerbate conditions such as type 2 diabetes mellitus, cardiovascular diseases,
adverse pregnancy outcomes, and pneumonia. In diabetic patients, periodontal therapy reduces local and
systemic inflammatory mediators, contributing to improved glycemic control and potentially lowering the risk
of diabetes-related complications. In cardiovascular disease, periodontal treatment decreases systemic markers
of inflammation, including C-reactive protein, fibrinogen, interleukin-6, and tumor necrosis factor-a, improves
endothelial function, lowers blood pressure, and favorably modulates lipid profiles, highlighting its potential
role in reducing cardiovascular morbidity and improving vascular health. Similarly, in the context of adverse
pregnancy outcomes, timely periodontal intervention may help prevent premature birth and low birth weight
by limiting the hematogenous dissemination of oral pathogens and inflammatory mediators. In high-risk
populations, such as the elderly or hospitalized patients, maintaining periodontal health can reduce oral
microbial reservoirs that contribute to pneumonia, further demonstrating the systemic impact of periodontal
care. Collectively, these findings emphasize that periodontal therapy functions not merely as a local treatment
but as a systemic intervention capable of modulating inflammatory burden, improving biochemical markers
associated with chronic diseases, and supporting overall systemic health. Early diagnosis, individualized
treatment planning, and rigorous periodontal management are therefore essential to maximize both oral and
general health outcomes [50].

Pharmacological and adjunctive approaches

Adjunctive pharmacological strategies are used to complement conventional periodontal therapy by
directly targeting pathogenic biofilms and modulating local inflammatory responses [52].

Systemic antibiotics, such as amoxicillin combined with metronidazole, metronidazole alone,
azithromycin, or doxycycline, have been shown to provide modest improvements in probing depth and clinical
attachment, particularly in patients with deep pockets or aggressive periodontitis. Nevertheless, the benefits
are variable, and routine use is limited due to concerns about antimicrobial resistance, adverse effects, and
inconsistent clinical relevance. Accordingly, systemic antibiotics are generally reserved for severe cases,
specific microbial profiles, or medically compromised patients, and should be prescribed based on
individualized risk assessment and microbiological testing [52,53].

Hydrogel-based drug delivery systems offer a localized alternative by providing sustained, site-specific
release of antimicrobial and anti-inflammatory agents directly within periodontal pockets. These injectable,
stimuli-responsive hydrogels can maintain effective drug concentrations, for example metronidazole or
minocycline, at the diseased site, reducing subgingival pathogen load and controlling inflammation while
minimizing systemic exposure [52,53].

Multifunctional designs allow co-delivery of antibacterial and anti-inflammatory compounds,
supporting microbial control, modulating host responses, and promoting tissue regeneration. Such approaches
align with personalized periodontal therapy, aiming to optimize the local microenvironment, limit tissue
destruction, and reduce potential systemic effects of chronic periodontal infection [52,53].

Public health perspective and health equity

Socioeconomic status (SES), including income, education, race, ethnicity, and housing conditions, is
strongly associated with disparities in oral disease burden. Socially patterned lifestyle and environmental
factors, such as diet quality, tobacco and alcohol use, antibiotic exposure, and physical activity, significantly
influence the composition and function of the oral microbiome. Chronic social disadvantage and structural
discrimination may further alter microbial profiles through sustained inflammatory and stress-related
mechanisms. Importantly, most oral microbiome research has been conducted in socioeconomically privileged,
predominantly Euro-centric populations, limiting generalizability. Expanding research to more diverse
populations is essential to better understand the interplay between social determinants, microbial ecology, and
oral health outcomes [54].

The shift from treatment-focused to prevention-oriented oral microbiome research highlights the need
for population-level interventions aimed at maintaining microbial homeostasis. Public health strategies
promoting balanced nutrition, reduction of tobacco and alcohol use, physical activity, responsible antibiotic
use, and water fluoridation are central to sustaining a symbiotic oral microbiota and reducing dysbiosis-
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associated disease risk. Emerging microbiome-modulating approaches, including oral microbiome
transplantation and targeted prebiotic or probiotic therapies, may serve as adjunctive strategies, particularly in
underserved settings [54].

Population-based oral health education remains fundamental to shaping behaviors that directly affect
oral microbial ecology. Oral hygiene practices, dietary habits, and regular preventive dental care are closely
linked to microbial diversity and stability. Targeted educational initiatives for vulnerable groups - such as older
adults, individuals with chronic diseases, and socioeconomically disadvantaged populations - may support the
maintenance of a health-associated microbiome and contribute to reducing oral health inequalities at the
population level [54]. Prevention and management strategies for systemic complications related to poor oral

hygiene are summarized in Table 2.

Table 2. Prevention and management strategies for systemic complications related to poor oral hygiene.

Level of intervention

Key strategies

Mechanism of action

Potential systemic impact

Individual-level
prevention

Daily toothbrushing with fluoride
toothpaste, interdental cleaning,
dietary control (reduced free sugar

intake), lifestyle modification

Reduction of biofilm
accumulation, decreased
gingival inflammation,
improved microbial
balance

Lower systemic inflammatory

burden; reduced risk of CVD,

diabetes progression, adverse
pregnancy outcomes

Patient education

Chairside counseling, public
health messaging, risk awareness
programs

Improved health literacy,
behavioral modification

Long-term disease
stabilization; reduced chronic
inflammation and associated

systemic risks

Professional dental care

Periodontal screening, scaling and
root planing, surgical therapy
when indicated, continuous
monitoring

Reduction of microbial
load and local
inflammatory mediators

Modulation of systemic
inflammatory markers (CRP,
IL-6, TNF-a); improved
glycemic and cardiovascular
parameters

Periodontal therapy as
systemic intervention

Early diagnosis, individualized
treatment planning, maintenance
therapy

Decreased systemic
cytokine levels, improved
endothelial function,
better metabolic control

Improved HbAlc, reduced
cardiovascular morbidity,
lower risk of preterm birth and
pneumonia

Pharmacological
adjuncts

Systemic antibiotics (selected
cases), local drug delivery
(hydrogels, minocycline,
metronidazole), host-modulating
agents

Targeted antimicrobial
and anti-inflammatory
effects; modulation of host
response

Reduced inflammatory burden
with minimized systemic
exposure

Public health strategies

Water fluoridation, nutrition
policies, tobacco/alcohol control,
access to dental services

Maintenance of oral
microbiome homeostasis;
reduction of disease

incidence

Decreased health disparities;
population-level reduction of
systemic disease burden

Future directions
The future of periodontology is increasingly oriented toward precision-based and interdisciplinary

approaches that integrate biomaterials science, molecular diagnostics, and digital health technologies.
Advances in hydrogel-based drug delivery systems exemplify the transition toward personalized dentistry,
enabling the design of injectable, stimulus-responsive biomaterials with controlled release profiles tailored to
the specific microbial composition and inflammatory status of individual periodontal pockets. The
incorporation of antibacterial, anti-inflammatory, and osteogenic agents within multifunctional hydrogels
allows targeted modulation of the local microenvironment, supporting both infection control and tissue
regeneration [54].

Parallel progress in the identification of inflammatory biomarkers in saliva and gingival crevicular fluid
strengthens the concept of biologically guided therapy, in which measurable molecular parameters may inform
diagnosis, risk stratification, and treatment monitoring - not only in periodontitis but also in oral mucosal
diseases and the early detection of oral malignancies. Emerging digital technologies and real-time health
monitoring systems further complement this paradigm by facilitating continuous assessment of periodontal
status and adaptive therapeutic responses. The continued evolution of periodontology will therefore depend on
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robust interdisciplinary collaboration among clinicians, microbiologists, bioengineers, and data scientists to
translate innovative biomaterials and biomarker-driven strategies into safe, effective, and clinically applicable
solutions [54].

Conclusions

The available evidence clearly demonstrates that oral health constitutes a fundamental component of
overall health rather than an isolated clinical concern. Oral diseases directly impair essential physiological
functions, including eating, speaking, and sleeping, and substantially affect psychological well-being, self-
esteem, and social participation. Consequently, untreated oral conditions contribute not only to local tissue
damage but also to functional limitations, chronic pain, reduced productivity, and diminished quality of life.
These effects confirm that maintaining oral health is indispensable for preserving physical, mental, and social
well-being at both individual and population levels.

Preventive dental care is therefore a critical determinant of general health. Early detection and
management of caries, periodontal diseases, and malocclusion, combined with routine professional care and
reinforcement of oral hygiene practices, significantly reduce disease progression, functional impairment, and
associated psychosocial burden. Prevention limits the need for complex and costly interventions, decreases the
risk of systemic complications linked to chronic oral inflammation, and improves patient-reported health
outcomes. By controlling disease at its earliest stages, preventive strategies protect not only oral structures but
also broader health stability and long-term quality of life.

Equitable access to dental services is equally essential. Population-based data consistently show that
individuals with limited access to preventive and therapeutic care experience worse oral health outcomes and
lower quality of life. Restricted access amplifies health disparities, increases the prevalence of untreated
disease, and perpetuates cycles of pain, disability, and social disadvantage. Ensuring universal and timely
access to preventive and therapeutic dental care must therefore be recognized as a public health priority.
Integrating oral healthcare within comprehensive health systems, with an emphasis on prevention and patient-
centered outcomes, is necessary to safeguard both oral and general health and to promote sustainable
improvements in population well-being [1,55].
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