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Abstract: Emerging evidence over the past decades has elucidated the complex

Recl:ir\::ille?;??& s interplay between oral health and systemic diseases, highlighting periodontal
Accepted: 27.08.2025 disease as a pivotal contributor to a range of chronic conditions such as
Published: 02.09.2025 cardiovascular disease, diabetes mellitus, adverse pregnancy outcomes, and

neurodegenerative disorders. This review synthesizes current knowledge on the
pathophysiological mechanisms linking oral and systemic health, including
chronic inflammation, microbial translocation, and biomarker expression. It
Quick Response Code further explores the diagnostic potential of salivary biomarkers and advances in
™ non-invasive technologies, emphasizing their roles in early detection and disease
monitoring. The importance of interdisciplinary collaboration between dental
and medical professionals, integrated health records, and addressing healthcare
disparities are discussed to improve patient outcomes. Challenges such as
:I:5I confounding factors, limited longitudinal studies, and gaps in establishing
causality are acknowledged. Finally, future directions focusing on artificial
intelligence, precision diagnostics, and policy integration are proposed to
strengthen the oral-systemic healthcare paradigm.
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1. INTRODUCTION comprehensive patient care. Routine practices in dental
Over the past three decades, extensive research settings, such as monitoring vital signs, updating medical
has explored the intricate relationship between oral and medication histories, and managing patients with
health and systemic diseases. Periodontal disease, in medical conditions, place dentists at the forefront of
particular, has been linked to a wide spectrum of preventive and interprofessional healthcare. Through
conditions, including cardiovascular disease, diabetes chronic disease monitoring, oral cancer screening,
mellitus, chronic obstructive pulmonary disease, and counselling on systemic disease risk factors, and
adverse pregnancy outcomes, although definitive causal assessing medication adherence, dental practitioners
pathways are yet to be established. The oral cavity often play a pivotal role in improving overall health outcomes
serves as an early indicator of underlying systemic [2,3].
disorders such as pemphigus wvulgaris, and certain
systemic diseases, along with their treatments, such as The concept that oral health is interconnected
cancer therapies, can significantly impact oral health and with overall systemic well-being is not new; it can be
the provision of safe dental care [1]. traced back to the early 20th-century Focal Infection
Theory, which proposed that oral infections could
Dental professionals are uniquely positioned to contribute to diseases in distant body sites. Although this
identify oral manifestations of systemic illnesses, theory was largely set aside for decades, advances in
collaborate with physicians, and contribute to microbiology, immunology, and epidemiology have
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reignited interest in the biological mechanisms linking
oral and systemic health. Contemporary research
highlights the role of chronic inflammation, immune
modulation, and the translocation of oral pathogens in
the development or exacerbation of systemic diseases.
This growing body of evidence has shifted dentistry from
a purely restorative and esthetic focus toward a more
integrated model of care, in which oral health is
considered an essential component of overall health.
Understanding and leveraging this connection is now
viewed as critical not only for disease prevention but also
for improving the quality of life across diverse patient
populations [4-6].

In 2013, over 54 million deaths occurred
worldwide, primarily due to cardiovascular diseases,
diabetes, cancer, and respiratory illnesses. The global
rise in these chronic conditions, along with a growing
elderly population, is making the situation more
complex. Additionally, more than 100 systemic diseases
are known to present with oral symptoms, and
approximately 500 medications are associated with oral
side effects [7].

2. Pathophysiological Basis of the Oral-Systemic
Link

The connection between oral health and
systemic diseases is underpinned by complex and
multifactorial biological mechanisms. Among these,
chronic inflammation and microbial dissemination are
central pathways through which oral diseases,
particularly periodontitis, may influence distant organ
systems.

2.1. Inflammation as a Shared Mechanism
Periodontal disease is characterized by a
sustained inflammatory response to pathogenic biofilms
in the gingival sulcus. This local inflammation triggers
the release of pro-inflammatory cytokines such as
interleukin-1 (IL-1P), interleukin-6 (IL-6), tumor
necrosis factor-o (TNF-a), and prostaglandin E2 (PGE2)
into systemic circulation. These mediators contribute to
endothelial dysfunction, promote atherogenesis, and
exacerbate insulin  resistance, thereby linking
periodontitis to cardiovascular disease, diabetes mellitus,
and other chronic inflammatory conditions. The
persistent systemic low-grade inflammation associated
with untreated periodontal disease is increasingly

recognized as a risk factor for multi-organ pathology [8,
9.

2.2, Microbiological Pathways:
Bacteremia, and Immune Response

Oral dysbiosis, the disruption of the normal
microbial balance, plays a pivotal role in systemic health.
Pathogenic bacteria such as Porphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, and
Fusobacterium nucleatum can translocate into the
bloodstream during routine activities like tooth brushing
or chewing, leading to transient or sustained bacteremia.
Once in circulation, these pathogens may colonize
distant tissues, contributing to atherosclerotic plaque
formation, respiratory tract infections, and adverse
pregnancy outcomes. Additionally, virulence factors
such as gingipains from P. gingivalis can modulate host
immune responses, impair neutrophil function, and
promote  systemic  inflammation. = The  host’s
immunoinflammatory response to these pathogens
further amplifies the disease burden, creating a cyclical
relationship between oral infection and systemic disease
progression [10, 11].

Dysbiosis,

2.3. Systemic Biomarkers Associated with Oral
Diseases

Several systemic biomarkers have been
identified that reflect the oral-systemic connection.
Elevated levels of C-reactive protein (CRP), fibrinogen,
and serum amyloid A (SAA) have been reported in
individuals with periodontitis, supporting the concept of
systemic inflammatory activation. Additionally, specific
pathogen-derived components, such as
lipopolysaccharides (LPS) from Gram-negative bacteria,
can be detected in the systemic circulation and have been
implicated in triggering inflammatory cascades beyond
the oral cavity. Salivary biomarkers, including
inflammatory cytokines, oxidative stress markers, and
DNA from periodontopathogens, are emerging as
promising non-invasive tools for systemic disease risk
assessment [12, 13].

In summary, the pathophysiological basis of the
oral-systemic link is multifaceted, involving the
interplay of local and systemic inflammation, microbial
invasion, and biomarker expression. Understanding
these mechanisms not only strengthens the biological
plausibility of epidemiological associations but also
opens avenues for targeted prevention and therapeutic
strategies (Fig. 1).
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Step 1: Oral Dysbiosis

Disruption of normal oral
microbial balance

Overgrowth of pathogens like
Porphyromonas gingivalis,
Aggregatibacter
actinomycetemcomitans,
Fusobacterium nucleatum.

Step 2: Local
Inflammation in
Periodontal Tissues

Biofilm triggers immune
response

Release of pro-inflammatory
cytokines: IL-1B, IL-6, TNF-q,
PGE2

Tissue destruction and

Step 3: Systemic
Inflammation and
Microbial
Translocation

Entry of bacteria and their
products (LPS) into
bloodstream

Elevated systemic
inflammatory markers: CRP,
fibrinogen, serum amyloid A

Step 4: Impact on
Specific Systemic
Diseases

Cardiovascular Disease (CVD)
— Endothelial dysfunction,
atherogenesis, plaque
instability

Diabetes Mellitus
— Increased insulin resistance,
impaired glycemic control

Rheumatoid Arthritis (RA)
— Autoimmune activation via
protein citrullination

Alzheimer’s Disease
- Neuroinflammation, amyloid-

periodontal pocket formation

Immune system activation
beyond oral cavity

B accumulation, tau
hyperphosphorylation

Chronic Kidney Disease (CKD)
-» Exacerbated renal
dysfunction, oxidative stress

Adverse Pregnancy Outcomes
— Inflammatory mediators
affecting placental function

Figure 1: Pathophysiology Flowchart of Periodontitis and Systemic Diseases

3. Current Evidence Linking Oral Health to Systemic
Diseases

Over the past few decades, mounting evidence
has highlighted the intricate relationship between oral
health and systemic conditions. Periodontal diseases, in
particular, have emerged as significant risk indicators or
potential contributors to various chronic diseases,
mediated through complex biological mechanisms
involving infection, inflammation, and immune
modulation. This section summarizes the current
evidence linking oral health to selected systemic
conditions.

3.1. Periodontal Disease and Cardiovascular Disease
Multiple large-scale cohort studies, including
the Atherosclerosis Risk in Communities (ARIC) study
and the Health Professionals Follow-Up Study, have
demonstrated a significant association between
periodontitis and an increased risk of coronary heart
disease, stroke, and atherosclerosis. Meta-analyses
report a 20-34% higher risk of cardiovascular events in
individuals with moderate-to-severe periodontitis
compared to those with a healthy periodontium.

Proposed mechanisms include direct bacterial
invasion of vascular endothelium by pathogens such as
Porphyromonas  gingivalis and  Aggregatibacter
actinomycetemcomitans,  leading to  endothelial
dysfunction. Indirectly, systemic inflammation driven by
elevated CRP, interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-a) contributes to atherogenesis and
plaque instability. Periodontal therapy may reduce
systemic inflammatory markers and improve endothelial
function, although definitive evidence of reduced

cardiovascular events remains limited. Collaboration
between dental and medical professionals is crucial for
at-risk populations [14].

3.2. Diabetes  Mellitus and  Periodontitis
(Bidirectional Relationship)

Diabetes is a well-established risk factor for
periodontal disease, with prevalence and severity
significantly higher in poorly controlled diabetic
patients. Conversely, longitudinal studies suggest that
severe periodontitis may worsen glycemic control and
increase the risk of diabetes onset in non-diabetics.
Hyperglycemia promotes the formation of advanced
glycation end-products (AGEs), altering collagen
metabolism and impairing immune response, thus
exacerbating periodontal breakdown. Periodontal
inflammation, in turn, increases systemic insulin
resistance through elevated pro-inflammatory cytokines
such as IL-1p and TNF-a. Periodontal treatment has been
shown to result in modest reductions in HbAlc levels
(~0.3-0.4%), highlighting the importance of integrated
oral care in diabetes management [15].

3.3. Periodontitis and Preeclampsia in Pregnancy
Case-control and cohort studies have linked
maternal periodontitis with increased risks of preterm
birth, low birth weight, and preeclampsia. However,
interventional trials show mixed results on whether
periodontal therapy during pregnancy reduces these
risks. Translocation of oral pathogens into the systemic
circulation may trigger elevated prostaglandin E2
(PGE2) and TNF-a levels, inducing preterm uterine
contractions. Inflammatory mediators from periodontitis
can cross the placental barrier, affecting fetal
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development. Routine periodontal assessment and
preventive care before or during early pregnancy may
contribute to better pregnancy outcomes. Safe, non-
invasive periodontal treatments can be administered
during the second trimester [16].

3.4. Chronic Respiratory Diseases

Studies have observed higher rates of chronic
obstructive pulmonary disease (COPD) and pneumonia
in individuals with poor oral hygiene and periodontitis,
particularly among elderly and hospitalized populations.
Oral pathogens such as Pseudomonas aeruginosa and
Streptococcus pneumoniae can be aspirated into the
lower respiratory tract, causing infection or exacerbating
chronic airway inflammation. Inflammatory mediators
from periodontal tissues may also contribute to airway
remodelling. Improved oral hygiene and professional
dental cleaning have been associated with reduced
incidence of ventilator-associated pneumonia in ICU
patients. Dental care should be integrated into respiratory
disease prevention programs [17, 18].

3.5. Rheumatoid Arthritis

Periodontitis and rheumatoid arthritis (RA)
share common inflammatory pathways. Meta-analyses
show a significantly higher prevalence of periodontitis
among RA patients, and some studies indicate that RA
severity correlates with periodontal disease extent.
Porphyromonas gingivalis expresses peptidylarginine
deiminase, an enzyme that citrullinates host proteins,
potentially triggering autoimmune responses
characteristic of RA. Systemic inflammation from
periodontitis may amplify RA activity. Periodontal
therapy may reduce RA disease activity scores (DAS28)
and inflammatory markers. Rheumatologists and dentists
should collaborate for comprehensive patient care [19].

3.6. Chronic Kidney Disease
Periodontitis prevalence is notably higher
among patients with chronic kidney disease (CKD), and

severe periodontitis is associated with increased all-
cause and cardiovascular mortality in CKD populations.
Systemic inflammation and oxidative stress from
periodontal infection may exacerbate renal dysfunction.
Additionally, uremic toxins can impair oral immune
defences, creating a bidirectional risk. Regular
periodontal maintenance in CKD patients may help
reduce systemic inflammation and improve quality of
life, although effects on renal outcomes require further
investigation [20, 21].

3.7. Alzheimer’s Disease and Cognitive Decline

Longitudinal studies suggest a higher risk of
cognitive decline and Alzheimer’s disease among
individuals with chronic periodontitis. Antibodies
against periodontal pathogens have been detected years
before cognitive symptoms emerge. Oral pathogens,
particularly P. gingivalis, have been found in the brains
of Alzheimer’s patients. Gingipains, proteolytic enzymes
from  P. gingivalis, may  contribute to
neuroinflammation, amyloid-f accumulation, and tau
protein hyperphosphorylation. Maintaining oral health in
older adults could be a modifiable factor in dementia
prevention strategies. Cognitive impairment patients
require tailored oral hygiene support [22].

3.8. Obesity and Metabolic Syndrome

Cross-sectional studies reveal a strong
association between obesity, metabolic syndrome, and
periodontitis. Elevated body mass index (BMI) and waist
circumference correlate with periodontal pocket depth
and clinical attachment loss. Adipose tissue secretes pro-
inflammatory adipokines (e.g., leptin, resistin) that may
exacerbate periodontal inflammation. Conversely,
periodontal inflammation can worsen systemic insulin
resistance and dyslipidemia. Lifestyle interventions
combining dietary modification, physical activity, and
periodontal care may offer synergistic benefits in
managing metabolic syndrome (Fig. 2, Table 1) [23].
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Figure 2: Linking Oral Health to Systemic Diseases

Table 1: Systemic Diseases Linked to Periodontal Disease

Systemic Condition

Proposed Mechanisms

Key Biomarkers

Clinical Implications / Evidence
Summary

triggered by P. gingivalis

protein antibodies

Cardiovascular Inflammation, bacteremia CRP, IL-6, TNF-a. Increased risk of CHD and stroke;

Disease therapy reduces inflammation

Diabetes Mellitus Insulin resistance, AGEs, HbAlc, IL-1B, TNF-a | Periodontal treatment improves
cytokines glycemic control

Rheumatoid Arthritis | Autoimmune response Anti-citrullinated Correlated with disease activity;

periodontal therapy benefits RA

Alzheimer’s Disease | Neuroinflammation, amyloid Gingipains, P. Potential modifiable risk factor via
accumulation gingivalis DNA oral health

Chronic Kidney Systemic inflammation, CRP, oxidative Higher mortality; periodontal

Disease oxidative stress markers maintenance recommended

Adverse Pregnancy Inflammatory mediators PGE2, TNF-a Linked to preterm birth,

Outcomes crossing placenta preeclampsia
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4. Saliva as a Diagnostic Tool
4.1 Emerging Salivary Biomarkers for Systemic
Diseases

Saliva is proving to be a rich source of
biomarkers reflecting systemic health. Identified salivary
markers span a wide spectrum, ranging from proteins
like CRP and cortisol, to enzymes, metabolites, and
genetic fragments, showing potential in diagnosing
conditions such as diabetes, renal disease,
neurodegeneration, and immunodeficiencies [24].

Metaproteomic and proteomic studies have
identified novel saliva-based biomarkers specific to Type
2 diabetes mellitus, demonstrating how host-microbial
protein  signatures can complement traditional
diagnostics [25]. In Parkinson’s disease, multiple studies
have consistently found elevated levels of salivary
oligomeric a-synuclein. Ratios of oligomeric to total a-
syn, detection in neural-enriched extracellular vesicles,
and RT-QuIC assays have yielded high sensitivity and
specificity, making them strong candidates for non-
invasive PD diagnostics [26].

Cancer diagnostics are also advancing:
multiplex salivary biomarker panels for breast, oral, and
ovarian cancers, enabled by portable SERS (Surface-
Enhanced Raman Spectroscopy) devices, are pushing
early detection capabilities forward. Additionally, at-
home saliva-based genetic assays now outperform
traditional PSA blood tests in detecting aggressive
prostate cancer forms.

Applications in Non-Invasive Diagnostics

Saliva offers multiple advantages: it's painless
to collect, cost-effective, and requires minimal expertise,
ideal for repeated sampling, point-of-care testing,
population screening, and telemedicine [27]. Emerging
formats include smart hydrogel “lollipop” devices that
capture salivary proteins for non-invasive oral cancer
screening, promising patient-friendly alternatives to
biopsies. Lab-on-a-chip, microfluidic, and biosensor
innovations are greatly enhancing on-site sensitivity and
specificity, facilitating real-time diagnostics [28].

Limitations and Future Prospects

Despite its promise, salivary diagnostics face
several hurdles: sample variability due to circadian
rhythms, collection methods, and risk of contamination
affect reliability. The concentration of systemic
biomarkers in saliva is typically lower than in blood,
demanding ultra-sensitive detection platforms. Saliva
metabolomics, while powerful for detecting disease-
specific metabolic changes, remains challenged by
interindividual differences, data complexity, and the
need for rigorous clinical validation. Glycemic
monitoring via salivary glucose shows promise in some
studies correlating with HbAjc, but findings are
inconsistent and not yet reliable for clinical application
[29].

Public Health and Clinical Implications

The growing body of evidence linking oral
health to systemic well-being underscores the need for a
more integrated approach to patient care. Oral diseases
not only share risk factors with chronic systemic
conditions but can also influence their onset,
progression, and severity. This interconnectedness
demands coordinated strategies in both clinical and
public health domains.

Importance of Interdisciplinary Care (Dentist +
Physician)

Collaboration between dental and medical
professionals is essential for early detection,
comprehensive management, and prevention of oral-
systemic diseases. For example, patients with poorly
controlled diabetes benefit from periodontal evaluation
as part of their routine medical care, while individuals
with cardiovascular disease may require oral health
assessments before certain interventions.
Interdisciplinary case discussions, shared clinical
protocols, and cross-referrals can bridge the gap between
dentistry and medicine, ensuring patients receive
holistic, patient-centered care [30].

Role of Dentists in Screening for Systemic Conditions

Dentists are uniquely positioned to identify
early signs of systemic illness during routine oral
examinations. Changes in oral mucosa, gingival
inflammation, unusual ulcerations, or xerostomia may
serve as markers for conditions such as HIV,
autoimmune diseases, nutritional deficiencies, and
adverse drug reactions. Incorporating chairside
screening tools such as blood pressure monitors,
glucometers, or salivary biomarker assays can facilitate
early diagnosis and timely referral to physicians,
potentially improving health outcomes [31].

Need for Integrated Health Records and Patient
Education

Electronic health records (EHRs) that link
dental and medical data are critical for coordinated care.
Integrated systems allow real-time sharing of patient
histories, laboratory results, and imaging, minimizing
redundant testing and enhancing decision-making.
Beyond record integration, patient education plays a
pivotal role. Educating patients on the oral-systemic
connection can improve adherence to preventive
measures, such as oral hygiene practices, smoking
cessation, and regular dental visits, thereby reducing the
burden of chronic disease [32].

Addressing Healthcare Disparities in Oral-Systemic
Health

Disparities in oral healthcare access, driven by
socioeconomic status, geography, insurance coverage,
and cultural barriers, contribute to the unequal burden of
both oral and systemic diseases. Underserved
communities often face higher rates of untreated dental
disease, which may exacerbate systemic health
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problems. Public health initiatives should focus on
expanding access through community-based clinics,
mobile dental units, teledentistry, and culturally tailored
outreach programs. Training healthcare providers in
culturally competent care can further ensure that
prevention and treatment strategies are equitable and
inclusive [33].

Challenges and Limitations in Current Evidence

Despite the growing body of literature linking
oral health to systemic diseases, several methodological
and conceptual limitations hinder definitive conclusions
and clinical translation.

Confounding Factors in Studies

Many studies exploring oral-systemic links are
subject to confounding variables that can bias results.
Shared risk factors such as smoking, poor nutrition, low
socioeconomic status, and limited access to healthcare
can independently contribute to both oral and systemic
discases. Failure to adequately control for these
confounders may overestimate or underestimate the
strength of observed associations. Additionally,
differences in diagnostic criteria for periodontal disease,
variability in biomarker measurement techniques, and
inconsistent adjustment for comorbidities further
complicate the interpretation of findings [34].

Lack of Long-Term Prospective Trials

While cross-sectional and case-control studies
dominate the literature, they are inherently limited in
establishing temporal relationships. Randomized
controlled trials (RCTs) and long-term cohort studies
that monitor oral health interventions and systemic
outcomes over years are relatively scarce. This lack of
longitudinal data limits our ability to determine whether
improving oral health can directly reduce the incidence
or severity of systemic diseases. Moreover, the logistical
challenges, high costs, and ethical considerations of such
trials have hindered large-scale implementation [35].

Gaps in Causality vs. Association

A central challenge lies in distinguishing
causality from mere association. Many studies
demonstrate correlations between oral dysbiosis and
systemic diseases, yet the biological pathways and
directionality of these relationships remain partially
understood. While experimental studies in animal
models and mechanistic investigations have provided
insights such as microbial translocation and systemic
inflammation, definitive human evidence proving that
oral interventions prevent or mitigate systemic
conditions is still emerging. Until more robust evidence
is available, clinical recommendations must be made
cautiously, balancing potential benefits with the current
limitations of the evidence base [36].

Future Directions
The evolving understanding of the oral-
systemic health connection opens new avenues for

research, clinical innovation, and policy reform aimed at
improving overall health outcomes.

Areas Needing More Research

Despite advances, significant knowledge gaps
remain, particularly in underexplored areas such as
neurodegenerative diseases and autoimmune conditions.
While preliminary evidence suggests oral microbiome
dysbiosis and chronic inflammation may influence
diseases like Alzheimer’s, Parkinson’s, and multiple
sclerosis, longitudinal studies and mechanistic research
are needed to clarify causal pathways. Furthermore, the
role of oral health in emerging systemic conditions, such
as COVID and metabolic syndromes, warrants deeper
investigation [37].

Technology and Al in Oral-Systemic Disease
Prediction

Cutting-edge technologies, including artificial
intelligence (AI), machine learning, and big data
analytics, have great potential to transform oral health
diagnostics and systemic disease prediction. Al-driven
algorithms can integrate clinical, microbiome, genetic,
and lifestyle data to identify high-risk patients and
personalize preventive strategies. Wearable devices and
smart biosensors capable of real-time saliva analysis
could enable continuous health monitoring, early disease
detection, and timely intervention in both dental and
medical settings [38].

Policy Changes to Integrate Oral Care into General
Healthcare Systems

To translate scientific insights into population
health benefits, systemic policy reforms are essential.
Integrating oral health into primary healthcare
frameworks through expanded insurance coverage,
interdisciplinary training, and unified health records can
reduce fragmentation and improve access. Policymakers
must prioritize equitable oral health services, especially
for vulnerable populations, to address longstanding
disparities. Moreover, public health campaigns
emphasizing the oral-systemic link can raise awareness
among clinicians and patients, fostering proactive health
management [39].

CONCLUSION

The oral cavity is a critical gateway reflecting
and influencing systemic health. The bidirectional
relationship between periodontal disease and chronic
systemic conditions underscores the need for integrated
care models bridging dentistry and medicine. Salivary
diagnostics and emerging technologies offer promising,
non-invasive tools to enhance early detection and
monitoring. However, significant challenges persist,
including methodological limitations in existing research
and healthcare access disparities. To optimize patient
outcomes, interdisciplinary collaboration,
comprehensive health record integration, and targeted
public health strategies are essential. Future
advancements leveraging artificial intelligence and
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precision medicine hold potential to revolutionize oral-
systemic disease prediction and management, ultimately
improving global health outcomes.
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