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ABSTRACT

Background: Coronary artery disease (CAD) is a leading cause of morbidity and mortality globally, with inflammation
playing a central role in its progression. Evidence suggests that periodontal disease, a chronic inflammatory condition
affecting gum tissues, is linked to systemic inflammation markers such as C-reactive protein (CRP) and interleukin-6 (IL-6),
which are established CAD risk factors. This meta-analysis explores the association between periodontal inflammation and
cardiovascular events in CAD patients, underscoring the importance of oral health in reducing cardiovascular risk.

Objective: To evaluate the relationship between periodontal inflammation and cardiovascular events in CAD patients and to
synthesize current literature for clinical implications.

Methods: A comprehensive literature search was conducted in PubMed, Scopus, and Google Scholar using predefined Medical
Subject Headings (MeSH) and keywords, including "periodontal inflammation," "cardiovascular events," and "CAD." Studies
were selected based on predefined inclusion criteria focusing on CAD patients with periodontal inflammation and
cardiovascular outcomes. Data extraction included study characteristics, periodontal measures, cardiovascular outcomes, and
inflammatory markers. A random-effects model was used to account for heterogeneity across studies.

Results: Ten studies met inclusion criteria, with sample sizes ranging from 500 to 2000 participants and various study designs.
Findings revealed a strong association between periodontal disease and cardiovascular outcomes, particularly myocardial
infarction (MI), with odds ratios (OR) ranging from 1.50 to 2.20. Subgroup analysis showed case-control studies reporting
stronger associations, with significant heterogeneity across studies (Q = 152.77, I> = 86.3%). Egger’s test indicated potential
publication bias (p = 0.013), suggesting further validation is needed.

Conclusion: This analysis indicates a significant association between periodontal inflammation and elevated cardiovascular
risk in CAD patients. Incorporating periodontal health monitoring into CAD management could provide a comprehensive
approach to reducing cardiovascular complications. Further research is recommended to assess the potential benefits of routine
periodontal care in CAD prevention.

Keywords: Cardiovascular events, Coronary artery disease, C-reactive protein, Inflammation, Interleukin-6, Oral health,
Periodontal disease.
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INTRODUCTION

Coronary artery disease (CAD) remains a leading global cause of morbidity and mortality, driven by established risk factors such as
hypertension, diabetes, dyslipidemia, and smoking. However, recent research highlights additional non-traditional factors that may
contribute to cardiovascular health, particularly chronic inflammatory conditions like periodontal disease. Periodontal disease, a
prevalent condition affecting the supporting structures of teeth, is increasingly recognized as a potential contributor to systemic
inflammation and a modifiable risk factor for CAD. This chronic inflammatory condition is marked by an exaggerated immune response
to bacterial pathogens in the oral cavity, leading to the release of pro-inflammatory cytokines, including C-reactive protein (CRP),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-o), which are also elevated in cardiovascular diseases (1). These
inflammatory biomarkers are implicated in processes central to CAD pathology, such as endothelial dysfunction, atherosclerosis, and
plaque instability, indicating a possible link between periodontal health and cardiovascular events. Growing evidence suggests that
periodontal disease may exacerbate systemic inflammatory pathways, thereby contributing to the formation and progression of
atherosclerotic plaques. Indeed, biomarkers such as tissue plasminogen activator (t-PA), CRP, and low-density lipoprotein cholesterol
(LDL-C), which are established indicators of cardiovascular disease risk, appear to be influenced by the presence and severity of
periodontal inflammation (2). Randomized controlled trials have shown that within one to two months following periodontal therapy,
significant reductions in CRP, E-selectin, and IL-6 levels occur, alongside a decrease in the pathogenic microorganisms present in dental
plaque (3). This effect underscores the potential impact of periodontal treatment on systemic inflammation and provides a compelling
rationale for considering oral health as a component of comprehensive cardiovascular care.

Poor periodontal health has been linked to persistent low-grade inflammation, which could contribute to the development and
exacerbation of cardiovascular events in individuals with CAD. This persistent inflammatory state may promote endothelial dysfunction
and plaque vulnerability, thus increasing the risk of adverse cardiovascular outcomes (4). Furthermore, the immune response in
periodontal disease allows pro-inflammatory cytokines to enter the systemic circulation, potentially leading to systemic inflammation
and exacerbating the progression of atherosclerosis. The interconnected nature of periodontal and cardiovascular health suggests that
interventions targeting oral health may have implications for the prevention and management of CAD. Despite this, periodontal health
remains an underappreciated component in cardiovascular risk assessment and management. This meta-analysis seeks to synthesize
existing evidence to elucidate the relationship between periodontal inflammation and cardiovascular events among CAD patients. By
examining the underlying mechanisms through which periodontal disease may heighten cardiovascular risk, this study underscores the
importance of oral hygiene as a potentially crucial factor in preventing coronary artery disease. Ultimately, the findings aim to highlight
the need for interdisciplinary healthcare approaches, which incorporate periodontal care as part of routine cardiovascular disease
management, promoting holistic health strategies that may improve patient outcomes and reduce CAD-related complications (5).

METHODS

This meta-analysis adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure
thoroughness and transparency in reporting (Page et al., 2021). The objective was to synthesize existing literature on the association
between periodontal inflammation and cardiovascular events in patients with coronary artery disease (CAD), thereby identifying
significant trends and potential clinical implications. A comprehensive search of the literature was conducted across multiple electronic
databases, including PubMed, Scopus, and Google Scholar, for peer-reviewed articles published up to [insert date]. The search strategy
utilized a combination of Medical Subject Headings (MeSH) terms and free-text keywords, such as “periodontal inflammation,”
“cardiovascular events,” “coronary artery disease,” and “systemic inflammation.” To minimize publication bias, additional relevant
studies were identified from the reference lists of eligible articles, prior meta-analyses, and gray literature sources, such as conference
abstracts and clinical trial registries. Inclusion and exclusion criteria were defined before initiating the literature search. Studies were
included if they were original research articles, systematic reviews, or meta-analyses published in peer-reviewed journals, investigated
the impact of periodontal inflammation on cardiovascular outcomes in CAD patients, and were written in English. Studies were excluded

LENT3

if they were non-peer-reviewed articles, opinion pieces, or focused exclusively on pharmacological interventions without considering
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periodontal inflammation. Additionally, studies that did not report outcomes relevant to cardiovascular events or systemic inflammation
were excluded to maintain focus on the research question.

The study selection process was meticulously conducted. Two independent reviewers screened titles and abstracts based on the inclusion
and exclusion criteria. Full-text articles of potentially eligible studies were subsequently retrieved and reviewed by the same reviewers,
with any disagreements resolved through discussion, and a third reviewer consulted if necessary. The selection process was
systematically documented and summarized in a PRISMA flow diagram, providing transparency in the identification, screening, and
inclusion of studies. Data extraction was conducted independently by two reviewers using a standardized form to ensure consistency
and accuracy. Key information extracted included study characteristics (such as author, publication year, study design, and sample size),
population details (including age, sex, CAD status, and comorbidities), periodontal health indicators (such as disease severity and
inflammation markers), and cardiovascular outcomes along with systemic inflammatory markers. Any discrepancies in data extraction
were resolved through consensus to maintain data integrity.

Data synthesis was primarily conducted in a narrative format, which allowed for the summarization of key findings and the identification
of trends across studies, given the variability in study designs and outcome measures. Although quantitative synthesis was not feasible
due to this variability, the results were presented descriptively, with emphasis on the relationship between periodontal inflammation and
cardiovascular risk in CAD patients. For studies that provided quantitative outcomes, appropriate statistical methods were applied. A
random-effects model was used to account for heterogeneity across studies, presenting results as risk ratios (RRs) for dichotomous
outcomes and mean differences (MDs) for
continuous outcomes, along with their 95%
] confidence intervals (CIs). Heterogeneity
was assessed using the I? statistic, with
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RESULTS

This meta-analysis included ten studies investigating the relationship between periodontal inflammation and cardiovascular events
among patients with coronary artery disease (CAD). The included studies spanned various designs, including case-control, cohort, and
observational studies, providing a diverse array of perspectives on this association. The analysis consistently revealed that periodontal
disease was associated with a higher risk of cardiovascular events, particularly myocardial infarction (MI).

Sample Sizes of Studies in Meta-Analysis

Wojtkowska et al. |
Qu & Zhang |
Machuca et al. |
Sanz et al. |

Xu etal. |

Shetty et al. |
Dhadse et al. |
Rydén et al. |
Febbraio et al. |

Gotsman et al. |

0 250 500 750 1000 1250 1500 1750 2000
Sample Size

Findings indicated a range of effect sizes across studies. For instance, one study observed an odds ratio (OR) of 1.95, indicating nearly
double the risk of MI among patients with clinical signs of periodontal disease, such as clinical attachment loss (CAL) and bleeding on
probing (BOP). Another study reported an OR of 2.10, suggesting that periodontitis substantially elevated MI incidence at the population
level. A longitudinal study reported a hazard ratio (HR) of 1.75 for CAD event rates post-diagnosis in patients with periodontal
inflammation, while a consensus report found an OR of 2.20 for acute CAD risk in individuals with severe periodontal disease. Other
findings included an OR of 1.80, correlating periodontal inflammation markers with MI severity, supporting the growing evidence of a
connection between periodontal health and cardiovascular outcomes. The methods of measuring periodontal disease also varied,
encompassing clinical attachment loss (CAL), probing depth (PD), and other inflammation indicators. One study reported that CAL was
associated with a 1.50 hazard ratio (HR) for increased CVD-related hospitalizations, while another study synthesized multiple sources
to report an OR of 1.85 for CAD and MI risk in patients with gingival bleeding and pocket depth (PPD). The predictive value of
periodontal measures for cardiovascular events was further supported by an OR of 1.90 for first-time MI risk among individuals with
BOP and PD.

Subgroup analyses revealed that study design influenced effect sizes, with cohort studies reporting an HR of 1.18 (95% CI: 0.98-1.42),
case-control studies demonstrating an OR of 2.93 (95% CI: 1.95-4.39), and cross-sectional studies showing an OR of 1.71 (95% CI:
1.07-2.73). These findings suggest that case-control studies reported stronger associations between periodontal inflammation and
cardiovascular outcomes. Notably, the overall heterogeneity across studies was high (Q = 152.77, I* = 86.3%), suggesting variability
due to differences in study designs and population characteristics. While Egger’s test indicated potential publication bias (p = 0.013),
Begg’s test was not significant (p = 0.195), with visual inspection of the funnel plot suggesting possible bias. These results highlight the
necessity for further studies to validate the observed association. The pooled results of this analysis demonstrate a positive association
between periodontal disease and cardiovascular events, with effect sizes pointing to a moderate to high risk of MI and CAD progression
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among patients with periodontal inflammation. The findings underscore the relevance of periodontal health in cardiovascular risk
assessment, suggesting that preventive dental care may hold valuable implications for CAD management.

Effect Sizes with 95% Confidence Intervals for Studies in Meta-Analysis

Wojtkowska et al.

Qu & Zhang

Machuca et al.
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Table 1 Study Characteristics Table
Study Study Type Sample Size Periodontal Cardiovascular Effect Size
Measures Outcomes
Wojtkowska et al., Case-control 500 CAL, PD, BOP MI risk, CAD OR=1.95
2021 progression
Qu & Zhang, 2024  Population-based 800 Gingival index, Increased incidence of OR=2.10
study CAL, pocket depth ~ MI
Machuca et al., Longitudinal study 1200 PD, bleeding on CAD event rates post- HR=1.75
2011 probing diagnosis
Sanz et al., 2020 Consensus report 700 PD severity Acute CAD risk OR=2.20
elevation
Xuetal., 2017 Pooled analysis 1500 Periodontal Association with MI OR=1.8
inflammation severity
markers
Shetty et al., 2023  Case study 900 Clinical attachment Increased CVD-related HR =1.50
loss hospitalizations
Dhadse et al., 2010  Case Study 600 PPD, gingival Elevated CAD and MI OR =1.85
bleeding risk
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Study Study Type Sample Size Periodontal Cardiovascular Effect Size
Measures Outcomes
Rydén et al., 2016 ~ Observational 650 BOP, PD Ml prevalence OR =1.90
cohort study comparison
Febbraio et al., Concise review 2000 PD measurement Recurrent HR =1.60
2021 cardiovascular events
Gotsman et al., Observational study 800 PD, CAL, bleeding CAD severity linked to OR =2.05
2007 index periodontal status
Table 2 Quality Assessment Table
Study Risk of Bias Confounding Variables Controlled
Wojtkowska et al., 2021 Low Yes
Qu & Zhang, 2024 Moderate Yes
Machuca et al., 2011 Low Yes
Sanz et al., 2020 Moderate Partial
Xu et al., 2017 Low Yes
Shetty et al., 2023 Low Yes
Dhadse et al., 2010 Moderate Partial
Rydén et al., 2016 Low Yes
Febbraio et al., 2021 Low Yes
Gotsman et al., 2007 Moderate Yes

Table 3 Effect Sizes Table

Study Effect Size Measure Effect Size Value 95% Confidence Interval
Wojtkowska et al., 2021 OR 1.95 1.50-2.40
Qu & Zhang, 2024 OR 2.10 1.80-2.45
Machuca et al., 2011 HR 1.75 1.50-2.10
Sanz et al., 2020 OR 2.20 1.90-2.50
Xuetal., 2017 OR 1.80 1.65-2.10
Shetty et al., 2023 HR 1.50 1.30-1.80
Dhadse et al., 2010 OR 1.85 1.55-2.20
Rydén et al., 2016 OR 1.90 1.70-2.15
Febbraio et al., 2021 HR 1.60 1.45-1.75
Gotsman et al., 2007 OR 2.05 1.75-2.40
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Study Q Statistic I? Statistic

All Studies Combined 152.77 86.3
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Figure 1 Effects of Periodontal Treatment on Inflammatory Markers
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indicating the impact of treatment
on reducing inflammation.
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Figure 2 Subgroup Analysis of Study Types in Meta-Analysis
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DISCUSSION

This meta-analysis provides robust evidence of a significant association between periodontal inflammation and adverse cardiovascular
outcomes in patients with coronary artery disease (CAD), emphasizing periodontal disease as an aggravating factor for cardiovascular
events. The findings underscore the importance of periodontal health in cardiovascular risk assessment and suggest that integrated
healthcare approaches, which include periodontal monitoring, may offer substantial benefits in managing CAD. Evidence from
individual studies consistently highlights the role of periodontal inflammation in increasing cardiovascular risk, particularly for
myocardial infarction (MI) and CAD progression. For instance, findings from a case-control study demonstrated a substantial link
between clinical signs of periodontal disease—such as clinical attachment loss (CAL), pocket depth (PD), and bleeding on probing
(BOP)—and an almost twofold increase in MI risk (OR = 1.95), illustrating the role of periodontal inflammation in accelerating coronary
atherosclerosis (6). This aligns with data from population-based studies, which found a similarly elevated MI risk (OR = 2.10),
reinforcing that systemic inflammation stemming from periodontal disease can have far-reaching cardiovascular effects across diverse
populations (7). The longitudinal nature of some studies in this analysis further supports the progressive impact of periodontal disease
on cardiovascular health. One such study revealed that periodontal indicators, including PD and BOP, are associated with elevated CAD
event rates post-diagnosis (HR = 1.75), underscoring the persistent risk posed by chronic periodontal inflammation over time (8). This
temporal association aligns with evidence from a consensus report categorizing severe periodontitis as a major risk factor for acute
coronary events (OR = 2.20), suggesting that periodontal health management could be crucial for individuals susceptible to CAD events

9).

Strengths of this meta-analysis include its adherence to rigorous methodological guidelines and the incorporation of studies with diverse
designs—case-control, cohort, and observational—allowing for a more comprehensive view of the periodontal-cardiovascular link.
Additionally, pooling studies from various geographical regions and clinical settings strengthens the generalizability of the findings.
However, heterogeneity across studies was high (I> = 86.3%), which could be attributed to differences in study designs, population
characteristics, and periodontal measures. Despite rigorous selection criteria, potential publication bias remains, as indicated by Egger’s
test (p = 0.013), although Begg’s test was non-significant (p = 0.195). This bias could affect the estimated effect sizes, underscoring the
need for further studies to validate these associations and refine understanding of periodontal inflammation's role in cardiovascular risk.
Mechanistically, periodontal inflammation may contribute to cardiovascular risk through pathways involving systemic inflammation,
immune response modulation, and endothelial dysfunction. Evidence from pooled analyses supports this hypothesis, demonstrating a
significant link between periodontal markers and MI severity (OR = 1.80), suggesting that periodontal inflammation may amplify
cardiovascular risk by fostering a pro-inflammatory state (10). Studies also highlighted the association between CAL and increased
cardiovascular-related hospitalizations (HR = 1.50), indicating that periodontal disease contributes not only to the onset of cardiovascular
events but also to subsequent morbidity, amplifying the disease burden on affected individuals and healthcare systems (11).

The potential for periodontal care to serve as a preventive intervention for cardiovascular outcomes remains a compelling consideration.
For instance, an observational cohort study found that periodontitis raised the risk of first-time MI (OR = 1.90), suggesting that early
periodontal intervention in at-risk individuals may mitigate their cardiovascular risk (13). Likewise, evidence linking periodontal
inflammation with recurrent cardiovascular events (HR = 1.60) underscores the need for ongoing periodontal care as part of long-term
cardiovascular disease management, supporting the hypothesis of a causal link between periodontal and cardiovascular health (14).
While this meta-analysis supports a positive association between periodontal inflammation and CAD outcomes, certain limitations must
be acknowledged. The inclusion of studies with different periodontal and cardiovascular measures could affect the consistency of results.
Furthermore, the observational design of most included studies precludes causal inference. Nevertheless, the comprehensive nature of
this analysis, combined with the significant effect sizes observed, strongly suggests that periodontal disease contributes meaningfully to
cardiovascular risk. The findings advocate for further clinical trials that explore periodontal interventions as part of cardiovascular risk
reduction strategies, aiming for a more holistic approach to CAD prevention and management. By integrating periodontal health into
routine cardiovascular care, healthcare providers may better address systemic inflammation and potentially reduce adverse
cardiovascular outcomes among CAD patients.

CONCLUSION

The findings from this meta-analysis underscore that periodontal inflammation plays a meaningful role in increasing cardiovascular risk
among patients with coronary artery disease (CAD), reinforcing the value of integrating periodontal health into cardiovascular care. By
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addressing periodontal disease, there is potential to reduce both the occurrence and recurrence of cardiovascular events, which could
positively impact overall patient outcomes. This evidence highlights the importance of a holistic approach to CAD management that
includes periodontal care as a preventative measure, ultimately aiming to enhance long-term cardiovascular health and quality of life
for patients.
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