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Highlights
What is the main finding?

e A research framework to address six key pillars is presented to link oral health with
improved systemic health.

What are the implications of the main finding?

e  Using innovation and technology, patient-reported behaviors linked with clinician-
observed oral health status may enable earlier identification of risk, more timely feed-
back, and improved engagement.

e  This can translate to improved health outcomes that go beyond oral health.

Abstract

Escalating healthcare costs and persistent disparities in outcomes have been linked to de-
layed engagement in preventive care and the ongoing influence of social determinants of
health (SDoH). Current care models often assume that individuals can effectively manage
their health and seek care at appropriate times, despite evidence that contextual con-
straints limit this capacity. This perspective proposes that oral health may serve as a prac-
tical and scalable entry point for earlier engagement in preventive care. Oral health prob-
lems are highly prevalent, behaviorally influenced, clinically observable, and associated
with systemic health conditions. We present a six-pillar conceptual framework linking
consumer-reported behaviors with clinician-observed oral health status to support risk
identification, engagement, and population health strategies. The framework integrates
behavioral science, predictive modeling, social risk factors, digital health infrastructure,
and policy innovation. We outline a research agenda, identify implementation challenges,
and discuss equity considerations. While oral-systemic relationships are well-docu-
mented as associations, further prospective and interventional studies are needed to es-
tablish causality and population-level impact.

Keywords: oral health; population health; social determinants of health; preventive care;
medical-dental integration; predictive modeling; health equity; consumer engagement
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1. Introduction

Healthcare systems continue to face increasing costs, suboptimal outcomes, and per-
sistent inequities. A key contributor is delayed engagement in preventive care, particu-
larly among populations affected by social, economic, and environmental constraints.

Evidence consistently demonstrates that individual behaviors, daily habits, and en-
vironmental conditions significantly influence health outcomes [1]. However, many care
systems remain oriented toward reactive disease management rather than proactive pre-
vention. Whole-person health emphasizes the integration of biological, behavioral, and
social influences [2]. Yet there remains a lack of structured processes to support individu-
als in sustained health engagement outside clinical encounters.

In this manuscript, we use the term “consumer” to emphasize the role of individuals
as active participants in health-related decision-making in daily life. We recognize that
this term has limitations, as it may imply autonomy that is constrained by structural fac-
tors such as poverty, limited access to care, disability, or health literacy barriers. Accord-
ingly, the term is used to highlight engagement while acknowledging inequities in oppor-
tunity and access.

We propose that oral health offers a practical entry point for addressing gaps in pre-
ventive engagement. This paper introduces a six-pillar conceptual framework and out-
lines a research agenda to advance oral health as part of a whole-person, preventive health
model of care.

2. Why Oral Health as an Entry Point for Prevention

Oral health is uniquely suited as an early engagement domain. Behaviors influence
clinically observable early manifestations of oral disease across the lifespan [3]. Changes
in the oral microbiome can lead to periodontitis [4] and dental caries [5]. These conditions
have been linked to systemic health [6]. Oral health also intersects with social determi-
nants such as income, education, access to care, and geographic location[7]. These charac-
teristics make it a practical domain for early detection of risk and structured consumer
engagement.

It is important to note that oral-systemic relationships are largely associative and
often bidirectional, influenced by shared risk factors such as diet, smoking, inflammation,
and socioeconomic conditions. While these associations are well established, causal path-
ways require further investigation through longitudinal and interventional studies.

3. Conceptual Approach and Framework Development

This framework was developed through an integrative synthesis of multiple do-
mains, including behavioral science and health behavior theory; population health and
social determinants of health frameworks; the medical-dental integration literature; pre-
dictive analytics and digital health innovation; and value-based care models. Across these
diverse fields, six recurring themes emerged as foundational pillars: the central role of
behavior in shaping health outcomes; the predictive value of integrated, cross-sector data;
the profound influence of social determinants; the importance of meaningful consumer—
clinician collaboration; the enabling role of robust digital infrastructure; and the necessity
of aligned policy and payment models to support sustainable change. While this perspec-
tive does not constitute a formal systematic review, it offers a conceptually grounded
framework intended to inform and guide future research, policy development, and im-
plementation efforts.
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4. A Six-Pillar Framework for Advancing Oral Health and
Population Health
Pillar 1: Consumer Engagement and Pre-Clinical Behavior Science

This pillar emphasizes understanding behaviors before disease onset and supporting
sustained engagement in preventive practices. By leveraging behavioral science princi-
ples, targeted education, and personalized engagement strategies, it emphasizes research
on ways to foster adoption of proactive self-management habits such as toothbrushing,
healthy diet and snacking, and regular visits to a health professional. Strategic research
gaps include the role of lifelong oral health habits on other health habits and conditions
such as smoking and obesity.

Pillar 2: Oral-Systemic Predictive Modeling

This pillar explores whether oral health indicators, alone or combined with systemic
data, can improve risk prediction. Candidate variables include markers of periodontal
health, dental caries, tooth loss, xerostomia and salivary flow, oral microbiome measures
and oral-health-related quality of life. These data may support earlier identification of in-
dividuals at risk for systemic disease, though causal implications require further valida-
tion.

Pillar 3: Social Determinants as Drivers of Risk

This pillar addresses how social and environmental conditions shape oral health out-
comes and engagement. Key domains include income and insurance status; education and
health literacy; geographic access to care; food environment; social support and stress.
Research is needed to tailor interventions specific to the social and environmental contexts
that can limit opportunities for healthy decision-making.

Pillar 4: Two-Step Consumer—Clinician Data Model

This pillar proposes a structured, bidirectional model of data integration.

Step 1: Consumer-reported data collected through digital tools (e.g., mobile applica-
tions, web platforms) on behaviors, symptoms, and preferences.

Step 2: Periodic clinician validation through examination and structured assessment.

Research can test the effectiveness of this two-step approach, providing a feedback
loop, that may result in enhanced engagement and adherence leading to improved out-
comes based on risk tracking and early detection of disease.

Pillar 5: Technology and Interoperability

This pillar focuses on building the digital infrastructure and data standards needed
to connect systems, providers, and patients. Interoperable platforms can provide seamless
sharing of health information across medical and dental environments while maintaining
security and privacy. The creation of scalable, connected ecosystems are the basis for re-
search to support innovation, improve efficiency, and enable data-driven decision-mak-
ing across the oral health landscape.

Pillar 6: Policy and Payment Innovation

Preventive models require alignment with policy and reimbursement structures.
This includes value-based payment models that provide incentives for early intervention.
Research is needed to demonstrate financial sustainability as well as evaluation of factors
that contribute to a system-wide adoption of preventive practices, ultimately supporting
a more effective and equitable oral health system.
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5. Research Agenda and Expanded Framework

Opportunities for research and innovation are emerging across the landscape of oral
healthcare and the wider health system. Research rigor must assure the reliability of self-
reported data, calibration of clinical measures and accuracy of clinically meaningful out-
comes using standardized protocols. By integrating technological advancements, address-
ing social determinants, and fostering consumer engagement, dentistry can play a central
role in transforming healthcare systems. Oral health’s accessibility, behavioral transpar-
ency, and clinical measurability make it an ideal starting point for predictive and preven-
tive care models. The combination of digital tools, interdisciplinary collaboration, and in-
novative care delivery frameworks has the potential to significantly improve outcomes
while reducing costs. Table 1 identifies some ways the six-pillar framework can be ap-
plied.

The pillars align with active trends in healthcare adoption of digital technology [8].
For example, the use of “big data” models has been proposed to address preventable hos-
pitalizations [9]. The integration of oral health tracking into general healthcare has been
promoted to prevent potential linkages such as diabetes-related complications [10,11].
Such approaches may help test whether oral health behaviors, clinical oral health
measures, and integrated monitoring contribute to earlier risk identification and im-
proved systemic health outcomes. From a research perspective, oral health behaviors are
relatively easy to assess. The framework offers some starting points. Future studies are
needed to examine contextual factors that contribute to improved oral health. These stud-
ies can examine impacts across the lifespan from infancy to old age.

Beginning in early childhood, oral health self-management quality can be easily as-
sessed from consumers and then confirmed via dental examination. Pending prospective
validation, this may support risk stratification that can lead to improved systemic health
and quality of life. The approach embraces a strategy of structured engagement between
consumers and healthcare providers for prevention that could have far-reaching benefits.

Table 1. Key research questions to drive innovation in healthcare.

Pillar

Key Research Questions

Study Design Expected Outputs Examples

1. Consumer Engage-
ment & Pre-Clinical
Behavior Science
Engage individuals be- *

Longitudinal study of
text messaging via
mHealth tool to im-

Validated behav-

[ ]
Longitudinal cohort . .
ioral metrics

or Pragmatic trial to
L]
assess self-manage-

What drives sus-
tained engagement? Early intervention .
848 . Y prove toothbrushing
How early can sig- frameworks

nals be detected?

ment and behavior habits to reduce plaque

Increased preven-

fore disease onset change . score in
tive engagement adolescents.
Longitudinal coh t' Predictive risk
ongitudinal cohor
2. Oral-Systemic 5 tools Longitudinal study of

Predictive Modeling
Establish oral health as
predictor of *
chronic disease

Which oral findings Predictive analytics .
predict disease? Causal modeling of
Does combined data markers of oral dis-
ease and chronic
disease

Earlier diagnosis of periodontal disease,

chronic disease markers of inflamma-

. L Improved out- tion, and onset of de-
improve prediction? .
comes and cost re- mentia.

duction

3.SDoH as Social e
Drivers of Risk
Make SDoH measura- e
ble and actionable

Community-based
How do SDoH man- participatory meth-
ifest in oral health?
What indicators re-

ods with a focus on e
underserved and
marginalized e
populations

flect social risk?

Quantifiable SDoH Mixed methods ap-

Indicators proach to reduce sugar
sweetened beverage in-
take in vulnerable and

Equity-focused
care models
Reduced dispari- underserved communi-

ties ties.
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4. Two-Step Con-
sumer—Clinician Data
Model
Operationalize
partnership care model *

Evidence-based
Does combining * videneebase

self-report + clinical Randomized clinical

validation improve  trials or Pragmatic

trials in clinical
populations

Clinical trial showing
improved toothbrush-
ing, gingival bleeding

scores, and serum

engagement model
Improved preven-
tion and early de-

outcomes? .
tection

What is optimal vali- i markers of inflamma-
e  Reduced reactive

dation frequency? tion.

care
¢  What tools support
continuous track- Implementation ®  Interoperable Adoption of machine
5. Technology & ing? studies health systems

Interoperability e
Enable real-time data-
driven care

learning to link perio-

What protocols best System level analyt-e¢  Real-time predic-

dontal measures of
bone loss with HbAlc
and diabetes onset.

ensure secure data ics
Assess adoption e
rates

tive analytics
Improved care co-
ordination

sharing with mini-
mal disruption to
clinical care?

6. Policy & Payment *
Innovation

Align incentives with .
prevention

e  Policy-relevant evi-

dence Use of a social worker

What payment mod- Policy evaluation

els support preven- Health system met-e  Incentivized pre-  to improve medical-

tion? rics of cost effective- ventive care mod- dental efficiencies
How to incentivize  ness, return on in- els through care coordina-
engagement? vestment e  Lower healthcare tion.

costs

SDoH —Social Determinants of Health.

6. Implementation Challenges and Equity Considerations

Research can address implementation challenges [12]. Clinical workload issues [13]
and the potential for algorithmic bias [14] can result with the adoption of new technol-
ogy. Likewise, health equity could worsen if efforts are not explicitly addressing the bar-
riers that marginalized populations face with respect to accessing technology and re-
sources. Efforts are needed to assure equitable implementation. For example, commu-
nity health worker support or other non-digital alternatives may be required. Accessibil-
ity and privacy safeguard issues may need tailored solutions for older adults or those
with disabilities.

Oral health is relevant across the life course and across socioeconomic groups, alt-
hough opportunities for prevention and care are strongly shaped by income, education,
geography, disability, and insurance coverage [15]. From infancy, common childcare
behaviors, habits, and lifestyle choices have an impact on the oral microbiome and this
may play an important role in an individual’s health journey [3,16]. With aging and the
impact of social and environmental factors [17], these influences may evolve to become
more significantly linked to common chronic illnesses such as diabetes, cardiovascular
disease, high blood pressure, adverse pregnancy outcomes, and cognitive health con-
cerns [18]. Harmful lifestyle choices such as tobacco, recreational drug use and alcohol
abuse are significant cofactors connecting oral and systemic health [19]. Research is
needed to untangle the complexity of these social-bio—behavioral connections.

Theory-based, conceptually driven approaches may help guide our understanding.
For example, healthy decision-making has been framed in terms of Capability, Oppor-
tunity, and Motivation [20]. Social and environmental constraints can limit opportunities
for health [21]. As external constraints, social determinants of health (SDoH) can be re-
garded as “Social Drivers of Risk.” This perspective enables appreciation of consumer-
related influences and associated clinically identifiable health outcomes as a strategy to
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better engage consumers to advance healthcare by integrating these linkages into a pre-
dictive healthcare model.

7. Policy and Payment Implications

Economic return on investment represents another challenge. Payors (employers,
state government, commercial) are in the best position to engage consumers and oral
healthcare practitioners via web-based technology to initiate an effective partnership be-
tween consumers and providers. Web-based tools and mobile-first designs can collect
real-time data to drive predictive interventions and enhance equity among underserved
communities. System dynamics modeling can build simulations that result in actionable
insights [22]. US healthcare systems have shown improved efficiencies and cost reduction
in chronic care management by co-location of medical and dental services and gathering
and sharing patient data [23]. However, in many settings, co-location remains in the reac-
tive, disease-driven mode and the potential preventive impact remains unrealized due to
the lack of “forward looking” data that may be provided through a simple oral health
assessment.

8. Conclusions

Testable hypotheses can arise from the proposed six-pillar framework. Beginning
with improved shared engagement and a simple, two-factor consumer-led oral health
data process, healthcare can engage consumers earlier and more equitably. This engage-
ment supports the alignment of innovation with meaningful care outcomes. Data tools
can provide real-time, relevant data to support healthy behaviors and initiative-taking.
These data tools can be tailored to bridge the gap between lived experiences (SDoH) and
clinical care.

Oral health provides a starting point for structured consumer engagement to be pri-
oritized, incentivized, and seamlessly integrated into health systems to shift from a reac-
tive to a more effective predictive healthcare model. Active research is needed to enhance
the innovations that show promise for integrating oral health as part of a whole-person
model of health. Improved outcomes and reduced costs may result if these models are
validated and implemented equitably. This approach to oral health offers a foundation for
research that may enable a paradigm shift toward a system of care that leverages innova-
tive use of digital tools and fosters shared accountability among consumers, providers,
policy makers and payors.
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Abbreviations

The following abbreviations are used in this manuscript:

SDoH Social Determinants of Health
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