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REVIEW

Oral Health and Cardiovascular Disease

— A Scoping Review of Assessment Methods,
Risk Factors, and Prognosis —

Masato Ogawa, PT, PhD; Masatsugu Okamura, PT, PhD; Takuma Yagi, PT, MSc;
Kenichiro Maekawa, PT; Kota Amakasu, PT; Tatsuro Inoue, PT, PhD;
Seimi Satomi-Kobayashi, MD, PhD; Megumi Katayama, RDH;

Yumi Muraki, DDS, PhD; Masaya Akashi, DDS, PhD

Oral frailty, which encompasses decline in oral health and function with aging, has broader health implications. However, its specific
role in individuals with cardiovascular disease (CVD) remains poorly understood. In this scoping review we investigated the preva-
lence, assessment tools, and potential intervention strategies for oral frailty in patients with CVD. We used the Population, Concept,
and Context framework as follows: Population: Patients with CVD; Concept: Existing literature on oral frailty in the context of CVD;
Context: Not restricted. Extracted data were synthesized qualitatively. From an initial pool of 3,199 studies, 70 were included in the
final analysis, with a cumulative sample size of 891,450 individuals. Among the assessment tools for oral frailty, the number of teeth
was the most commonly used measure in 39 studies, followed by the Decayed, Missing, Filled Index. Of the studies, 5 studies indi-
cated that coronary artery disease and diabetes are risk factors for oral frailty, and 8 identified poor oral health as a predictor of
cardiac events. However, no study clearly defined oral frailty in the context of CVD. Additionally, only 2 studies explored the relation-
ship between oral health and physical frailty. This results of this review underscore the lack of a standardized definition for oral frailty
in CVD. Although associations between oral health and prognosis were observed, further research is needed to clarify the definitions
and explore causal relationships.

Key Words: Assessment tools; Cardiovascular disease; Oral frailty; Oral health; Outcomes

ral frailty refers to the age-related decline in oral
O health and function, which has broader health

implications.! It manifests in various ways, includ-
ing difficulty in chewing or swallowing, dry mouth, tooth
loss, and poor oral hygiene. Such changes may contribute
to malnutrition, reduced social interaction, and decreased
quality of life.2 Oral frailty is also recognized as an early
indicator and significant contributor to physical frailty,3
often resulting in a complex interplay of malnutrition,
sedentary behavior, and muscle weakness.* Despite its
importance, a universally accepted diagnostic standard for
oral frailty is lacking, leading to inconsistencies in its defi-
nition and assessment across studies. Previous studies have
focused predominantly on community-dwelling older

adults,>7 leaving a gap in understanding oral frailty in
individuals with pre-existing health conditions.

In patients with cardiovascular disease (CVD), the relation-
ship between oral health and CVD presents unique chal-
lenges.? Both conditions are complex and likely share risk
factors such as systemic inflammation and bacterial spread
from the mouth to the cardiovascular system.® A particu-
larly direct link exists between oral health and infective
endocarditis (IE), as inadequate oral hygiene practices and
dental procedures can facilitate oral bacteria entering the
bloodstream.! Thus, maintaining good oral hygiene is
critical for IE prevention.!! Additionally, oral impairments
such as dental caries and periodontal disease may trigger
chronic inflammation that adversely affects vascular endothe-
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lial function, further increasing the risk of cardiovascular
complications.® Reports suggest that oral frailty is more
prevalent in CVD patients than in the general older popula-
tion, indicating a strong association with physical frailty.!2

In this scoping review, we aimed to elucidate the multi-
faceted nature of oral frailty within the context of CVD,
examining its characteristics, prevalence, assessment meth-
odologies, and potential intervention strategies. System-
atically mapping the existing literature, we aimed to clarify
research gaps, paving the way for future studies that may
significantly improve clinical outcomes and patient care
strategies in this domain.

Methods

A full detailed study protocol was published on the
Open Science Framework (OSF; DOI 10.17605/OSF.10/
HKMGD), adhering to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
extension for scoping reviews (PRISMA-ScR) statement!3

(Supplementary Table 1).

Eligibility Criteria
We used the Population, Concept, and Context (PCC)
framework to define the inclusion criteria.

Population The study population comprised adults
aged >18 years with any type of CVD, including ischemic
heart disease (IHD), myocardial infarction, acute coronary
syndrome (ACS), heart failure, and peripheral arterial disease.

Concept We reviewed existing literature on oral frailty in
patients with CVD. The research questions were as follows:
1. To investigate the prevalence and assessment tools for

oral frailty with CVD.

2. To investigate the risk factors for developing oral frailty
in individuals with CVD.

3. To investigate prognosis in patients with oral frailty
with CVD.

4. To investigate the relationship between oral and physi-
cal frailty in patients with CVD.

Context The study setting was unrestricted, allowing
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for the inclusion of research from various settings, including
but not limited to hospital care, community settings, and
primary care. We included randomized trials and observa-
tional studies without restrictions on language, country of
origin, sex, ethnicity, study location, and study date.
Abstracts, letters, case series, and case reports were excluded.

Data Sources and Search Strategy

We conducted a comprehensive search across multiple data-
bases, including MEDLINE via PubMed, the Cochrane
Central Register of Controlled Trials (CENTRAL),
CINAHL, and Web of Science (March 22, 2024). The
search strategy used a combination of text words (‘oral
frailty,” ‘cardiovascular diseases’) and Medical Subject
Headings (MeSH) terms to identify relevant studies. The
search terms and strategies are detailed in Supplementary
Table 2. We prioritized studies that utilized established
oral frailty assessment tools, such as the Oral Frailty
Index-8¢ and Oral Frailty 5-Item Checklist,™ or those that
measured factors associated with oral frailty, including
number of remaining teeth,!? oral dryness,!s and impaired
tongue function.16

Study Selection and Data Collection

We selected studies following the PRISMA flow diagram,!3
and used the PCC framework!” to guide our review, focus-
ing on patients with CVD, the concept of oral frailty, and
an unrestricted context. Four authors worked in pairs.
First, duplicate studies were excluded, all titles and abstracts
were screened, and irrelevant studies were independently
excluded. Papers that specifically focused on oral frailty in
patients with CVD were carefully selected. The 2 teams then
independently assessed the full text of the remaining stud-
ies and discussed them with author M. Okamura as neces-
sary. Data were then transferred to the Review Manager
software.!8

Summarizing the Data

Data extraction was performed using standardized forms,
capturing diagnostic information, study design, setting,
patient demographics, sample size, oral frailty assessment
tools, oral frailty prevalence, the relationship between
physical and oral frailty, and prognosis. The extracted data
were synthesized qualitatively, summarizing the assess-
ment tools for oral frailty and its prevalence, association
with physical frailty, and prognostic implications in indi-
viduals with CVD.

Results

Selection of Patients

From an initial pool of 3,199 studies, 1,000 duplicates were
removed. In the first screening phase, 2,118 studies were
excluded based on titles and abstracts. In the second
screening phase, the full text of the remaining 80 studies
was assessed, leading to the exclusion of 10 studies (wrong
publication type [n=4], wrong study design [n=3], and wrong
population [n=3]). The inter-rater reliability between
reviewers during the screening process was “almost per-
fect” (k=0.84). Ultimately, 70 studies were included in the
final analysis.!219-87 The study selection process is pre-
sented in the PRISMA flow diagram (Figure).

Study Characteristics
The characteristics of the included studies and relevant

225
Table 1. Summary of Oral Health Assessment Tools
Extracted From the Review
Category Subcategory '::;e‘:;
Comprehensive tool DMF-index 13
Total dental index 3
No. of teeth No. of teeth 36
Dental caries Dental caries 14
Denture use Denture use 2
Self-care Brush teeth daily 3
QoL OHIP-14 3
Periodontal Bleeding on Probing: BOP 23
Probing Pocket Depth: PPD 26
Clinical Attachment Level: 28
CAL
CPITN 5
Oral hygiene Plaque index 18
Hygiene index 1
Oral Hygiene Index 1
Oral health score 1
ROAG 1
OHAT 1
Saliva Saliva 2
Muscle Masseter thickness 1
Other 1

CPITN, Community Periodontal Index of Treatment Needs; DMF,
Decayed, Missing, and Filled Teeth; OHAT, Oral Health Assessment
Tool; OHIP, Oral Health Impact Profile; ROAG, Revised Oral
Assessment Guide.

participant information are summarized in Supplementary
Table 3. The studies were published between 1989 and 2024,
showing a gradual increase in publication volume over
time. Notably, the majority (n=54, 77%) were published
after 2010, highlighting the growing research interest in
recent years. Geographically, Europe was the predominant
region of publication (48.6%), followed by Asia (32.9%),
and limited contributions from other regions. Regarding
study settings, approximately 35% of the studies focused
on hospitalized patients. Sample sizes ranged between 50
and 722,519 participants. Totally, the 70 studies included
a cumulative sample size of 891,450 individuals, with
189,461 specifically diagnosed with CVD. Among studies
focusing on specific CVD subtypes, IHD was the most
frequently investigated, comprising 36% of the studies.
Heart failure was examined in 25% of the studies, followed
by arrhythmias (4%), large vessel disease (3%), and IE (5%).

Characteristics of the Oral Health Assessment Tools

None of the 70 included studies explicitly defined oral
frailty within the context of CVD. Due to the lack of a
consistent definition and assessment criteria, evaluating the
prevalence of oral frailty was not feasible. However, various
tools and measures were used for assessing oral health
status, which could serve as proxies for identifying poor oral
health. Table 1 summarizes these assessment tools. The most
frequently used measure was the number of remaining
teeth, applied in 36 studies, followed by the Decayed, Missing,
Filled (DMF) Index in 13 studies. Assessing periodontal
health, bleeding on probing (BOP), probing pocket depth
(PPD), and clinical attachment level (CAL) were used in
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Table 2. Risk Factors for Oral Function Deterioration
Risk factor Reference

CAD Johansson et al. (2014)3€
Meurman et al. (2003)85
Buhlin et al. (2005)84

DM Aoyama et al. (2018)28
Han et al. (2021)52

Age Schulze et al. (2024)2°

BMI (obesity) Schulze et al. (2024)2°

IE Lockhart et al. (2023)5°

Inflammatory markers Meurman et al. (2003)8

BMI, body mass index; CAD, coronary artery disease; DM,
diabetes mellitus; |IE, infective endocarditis.

23, 26, and 28 studies, respectively. Oral hygiene was
primarily assessed using the plaque index in 18 studies.

Risk Factors of Poor Oral Health

Table 2 summarizes the risk factors associated with poor
oral health in individuals with CVD: 5 studies identified
coronary artery disease (CAD) and diabetes as significant
risk factors for poor oral health.28:36:628485 Notably, patients
with CVD and diabetes had a 1.4-fold higher prevalence of
periodontitis than those without diabetes.> Additionally,
Schulze et al. demonstrated that aging and obesity corre-
lated with poor periodontal status.2? Multiple studies have
reported increased oral function decline risk in individuals
with CVD, particularly those with CAD.368485 Specifically,
among patients with CAD, ACS was also found to be
associated with increased signs of gingival inflammation
prior to tooth loss.3” Furthermore, elevated serum inflam-
matory markers were identified as risk factors for compro-
mised dental indices.85 However, the relationship between
oral health and CVD appears to be bidirectional. Several
studies have shown that poor oral health, including tooth
loss, periodontal disease, and inadequate oral care habits,
is associated with an increased THD risk?541.63.70.75,77.78
Additionally, dental calculus and plaque were identified as
IE risk factors, whereas periodontal disease was linked to
increased risks of heart failure.46.60.73

Impact of Poor Oral Health on Prognosis

A total of 8 studies investigated the effect of poor oral
health on adverse cardiovascular events or long-term mor-
tality rates in individuals with CVD. Although Johansson
et al. found no significant association between baseline peri-
odontal status and CAD-related endpoints during follow-
up,3¢ the remaining 7 studies demonstrated a link between
poor oral health and less favorable outcomes?3.31.33.49.52.72.75
(Table 3). Tooth loss was associated with increased risk of
major adverse cardiovascular events (MACE), cardiovas-
cular death, and stroke.335272 Of note, inadequate oral
hygiene practices, such as infrequent dental visits or inad-
equate brushing and flossing, were linked to a higher risk
of new cardiovascular events.314%75 Masseter muscle thick-
ness, a perioral muscle, was found to be a better predictor
of postoperative pneumonia and life expectancy.?

Discussion

Key Findings and Knowledge Gaps
This scoping review comprehensively examined the current

Table 3. Impact of Oral Health Decline on Long-Term

Outcomes
Reference Outcome Factors
Ito et al. (2022)23 Death Masseter muscle thickness

BOP index >30%
>10 missing teeth

Frequency of brushing
teeth

Use of floss/interdental
brushes

Tooth loss

Reichert et al. (2016)3"  MACE

Vedin et al. (2016)3 MACE
Hamaya et al. (2023)52
Vedin et al. (2017)72

Wagner et al. (2023)4° MACE Absence of prior dental

visits

Reichert et al. (2015)7 MACE Use of dental floss

Interdental brushes

BOP, bleeding on probing; MACE, major adverse cardiac event.

state of research on oral frailty in individuals with CVD.
Our findings revealed a critical knowledge gap: the lack of
a universally accepted definition and assessment tool for
oral frailty in this population. This absence of standardiza-
tion hinders a deeper understanding of the relationship
between oral frailty and CVD and impedes the develop-
ment of targeted interventions.

Assessing Oral Frailty With CVD

Our results highlighted a significant challenge in the field
of oral frailty within the context of CVD: the lack of a
universally accepted definition and assessment tool. This
aligns with previous reviews on oral health in older adults,!
which also highlighted the heterogeneity in assessment
variables and absence of a standardized concept of oral
frailty. Inconsistent definitions may partly explain the con-
flicting results across studies, where some found no asso-
ciation between periodontal disease**#2 and dental treatment,36
and CVD, even as most studies suggested a strong link
between declining oral function and CVD onset or exacer-
bation. Although oral frailty is a relatively new concept,
validation using unified indicators is essential. Ideally, the
oral frailty assessment includes evaluations of the oral
environment, teeth, gingiva, mucosa, dentures, dexterity,
and articulation.®® Although comprehensive tools such as
the Revised Oral Assessment Guide®® and Oral Health
Assessment Tool® are recommended, in our review their
use was limited: only 1 study used each tool.?!:5! However,
studies assessing only the number of remaining teeth yielded
consistent results, particularly regarding the link between
tooth count and angina pectoris or CAD severity.”0.78.:82.86
Although tooth count may be a useful indicator of oral
frailty in CVD, it represents only 1 aspect of oral function.
A comprehensive tool incorporating multiple dimensions
of oral health would likely offer a more accurate and
nuanced understanding of oral frailty in this population.

Oral Health and CVD

Our review, including primarily case-control studies with
healthy controls, consistently demonstrated a decline in
oral function among patients with CVD. This deteriora-
tion encompassed a reduction in the number of remaining
teeth and compromised oral hygiene, and extended to peri-
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odontal health and overall quality of life, underscoring the
critical role of oral care in CVD management. Although
numerous studies reported an association between poor
oral health and MACE, the relationship between oral
function deterioration and CVD onset appears multifac-
eted, likely mediated by a complex interplay of factors
beyond biology alone. Social and psychological factors can
adversely affect both oral and cardiovascular health.?1:92
Additionally, education level and health literacy may play
crucial roles in shaping an individual’s oral health behav-
iors and ability to manage CVD.?** Further research is
needed to clarify the complex pathways through which
these factors influence the relationship between oral health
and CVD and thus identify potential intervention points.
A recent study has suggested that oral bacteria may
increase Alzheimer’s disease risk through tooth loss,% rais-
ing the possibility that cognitive function influences CVD
recurrence and self-management. Oral health may be
closely linked to the broader concept of frailty, which
includes physical, mental/cognitive, and social dimensions.
This interplay between oral health and various aspects of
frailty underscores the need for a holistic approach to
CVD care, integrating oral and physical health with cogni-
tive and social well-being. Usmani et al. recently published
a scoping review on the effect of oral healthcare interven-
tions on CVD, reinforcing the importance of the oral—car-
diovascular link.% Although they focused on preventive
interventions, our study adds to this growing body of evi-
dence by specifically examining oral health assessment
methods, risk factors, and prognosis in patients with estab-
lished CVD. However, this review did not examine specific
mechanisms, but the role of periodontal pathogens and
host immune responses in linking oral health with CVD
warrants mention. Inflammation triggered by periodontal
pathogens could lead to bone resorption via osteoclast
activation,”” and elevated antibody titers against these bac-
teria might reflect a systemic inflammatory burden associ-
ated with CVD. Further research into these mechanisms is
needed.

Study Limitations

First, due to the nature of this scoping review, we did not
search for specific mechanisms linking oral health with
CVD. Future studies should focus on these aspects to elu-
cidate the detailed biological pathways linking oral health
decline to CVD. Second, because this was a scoping review,
our search strategy, which was comprehensive in covering
various aspects of oral health using the MeSH term “Oral
Health”, might have missed some studies. Furthermore,
future research should focus on the relationship between
these specific parameters and CVD outcomes to develop
more targeted interventions for managing oral frailty in
this population.

Conclusions

This scoping review highlighted the crucial interplay between
oral health and CVD. Poor oral function was associated
with less favorable CVD outcomes, emphasizing the
importance of oral care in CVD management. However,
lacking standardized definitions and assessment tools for
oral frailty in patients with CVD precluded a meta-analy-
sis, limiting firm conclusions about its effect on long-term
prognosis. Future research should prioritize establishing a
clear definition of oral frailty in CVD cases, developing

validated assessment tools, and defining a core outcome set
to facilitate standardized reporting and comparisons
across studies.
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