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The role of periodontal disease in atherosclerotic cardiovascular disease
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Abstract: Atherosclerotic cardiovascular disease (ASCVD) includes a group of disorders of the heart and blood vessels and accounts for major morbidity and premature death worldwide. Periodontitis is a chronic inflammatory disease with the gradual destruction of supporting tissues around the teeth, including gingiva, periodontal ligament, alveolar bone, and cementum. Periodontitis has been found to potentially increase the risk of ASCVD. Generally, oral microorganisms and inflammation are the major factors for periodontitis to the incidence of ASCVD. Recently, evidence has shown that the loss of masticatory function is another important factor of periodontitis to the incidence of ASCVD. In this review, we illustrate the recent finding of the relationship between periodontitis and ASCVD, from a microscale perspective-oral microorganisms, inflammation, and tooth loss. With the high prevalence of periodontitis, it is important to add oral therapy as a regular ASCVD prevention strategy. Regular dental visits could be a helpful strategy for ASCVD patients or general medical practitioners.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) contains atherosclerotic of the heart and blood vessels and is the number one cause of morbidity and mortality worldwide as well as the first for non-communicable diseases (Mendis et al., 2015; Sathiyakumar et al., 2018; Roth et al., 2020; Surma and Banach, 2021), and the mortality rate is predicted to rise to approximately 23.6 million by 2030 (Benjamin et al., 2018). Periodontitis is a chronic inflammatory illness with a high prevalence rate of 20%–50% overall (Ioannidou, 2017; Czerniuk et al., 2022). Nearly 11.2% of the world’s population is affected by the most severe form of the disease, making it the sixth most frequent human disease overall (Kassebaum et al., 2014). Periodontitis could increase the risk of ASCVD. In this review, we present the recent findings on the relationship between periodontitis and ASCVD, from a microscale perspective-oral microorganisms, inflammation, and tooth loss.

The Pathology of Periodontitis

Periodontitis is induced by oral microorganisms, mainly Gram-negative bacteria, and spirochetes. During this process, the supporting tissues around the teeth, including gingiva, periodontal ligament, alveolar bone, and cementum, deteriorate slowly. One of the typical characteristics of periodontitis is an increase in Gram-negative bacteria that induce a strong immune response depending on their pathogenic mechanisms, such as lipopolysaccharide (LPS) (Cekici et al., 2014). Additionally, some of these bacteria are capable of invading deeper tissues and inducing systemic immunity (Velsko et al., 2014). The epithelial cells act as an innate and acquired barrier against pathogens, which may be weakened by periodontal bacteria associated with chronic inflammation through epithelial-mesenchymal transition (Lee et al., 2017; Abdulkareem et al., 2018; Yamada et al., 2018). In epithelial-mesenchymal transitions, polarity, and adhesion proteins were lost, followed by the loss of epithelium-phenotype and mesenchymal-like characteristics (Kalluri and Weinberg, 2009). In turn, microulceration results in the loss of epithelial sheet coherence, allowing pathogens to penetrate the connective tissue and exposed blood vessels. Additionally, periodontal bacteria may infect host cells as a defensive strategy to evade the immune responses of the host (Deniset and Pierce, 2010). Another important characteristic of periodontitis is the infiltration of chronic inflammation. The majority of infiltrated cells include lymphocytes, neutrophils, plasmatic cells, and macrophages (Kinane et al., 2017). Periodontal ligaments are destroyed by chronic inflammation, causing the resorption of alveolar bone, which ultimately results in tooth loss.

Periodontitis Increases the Risk of Atherosclerotic Cardiovascular Disease and the Involved Mechanisms

Numerous clinical and experimental results have shown a clear link between ASCVD and periodontitis. A number of traditional risk factors are common to both periodontitis and ASCVD, such as age, smoking, diabetes mellitus, etc. Further studies show that periodontitis may be a significant risk factor for the development of atherosclerosis (Chistiakov et al., 2016), particularly the dissemination in the bloodstream of periododontopathogenic bacteria that have already been identified in atherosclerotic plaques (Ohki et al., 2012; Sasaki et al., 2021). The relationship between the two comorbidities may be explained by the following factors (Muñoz-Torres et al., 2017), including bacteremia, inflammation, and teeth loss.

Oral microorganisms

Dental plaque, a complex biofilm that forms in the mouth cavity as a result of the prolonged presence of these microorganisms, causes periodontitis (Caton et al., 2018). Several microorganisms participate in the process of infection, including Porphyromonas gingivalis, Tannerella forsythia, Prevotella intermedia, Aggregatibacter actinomycetemcomitans, and Fusobacterium nucleatum. The pathogenic bacteria that originate from inflamed periodontium can enter the body through the vascular system, spreading everywhere including distant organs and tissues, which triggers bacteremia (Herrera et al., 2020). The severity of gingival disease and the degree of transient bacteremia are correlated (Balejo et al., 2017). Bacterial infection in the blood is always a deviation from the norm, as blood is normally sterile, and it is usually transient due to the strong and powerful antimicrobial defenses of the host (Reyes et al., 2013). In patients who suffer from periodontitis, oral bacteria are the most common cause of transient bacteremia. Proteobacteria are consistently identified as being the most common microorganism in previously reported blood microbiomes profile (Païssé et al., 2016; Olde Loohuis et al., 2018). According to a study that used both molecular and traditional microbiological methods, the blood bacterial communities most closely assembled those of the skin and oral cavity; this finding revealed that species from the oral cavity comprise the majority of the viable bacterial populations in the blood (Whittle et al., 2018), and oral bacteria account for 88% of this population (Emery et al., 2020). Systemic dissemination of periodontal bacteria could potentially occur through multiple mechanisms. The bacteria in the gingival pocket are separated from the deep tissue by the gingival epithelium, known as an innate host defense system to prevent invasion. The oral cavity is characterized by high vascularity and relatively thin and friable epithelium (Leishman et al., 2010). Periodontal bacteriophages may invade oral cells through a transcellular mechanism, and reach the microcapillaries, possibly contributing to systemic bacteremia (Takeuchi et al., 2011). In addition, a dilated periodontal system can facilitate bacteremia due to inflammatory conditions in periodontitis (Priyamvara et al., 2020). Dental plaque bacteria, many of which are Gram-negative and anaerobic, seem to be easily attracted to the inflamed and ulcerated subgingival pocket epithelium (Moutsopoulos and Madianos, 2006). The formation of anaerobic bacteria biofilm leads to inflammatory processes that spread deeper into the tissue (Sufaru et al., 2022). Due to the enhanced immune cell response, an increased number of polymorphonuclear leucocytes, macrophages, and lymphocytes infiltrate the connective tissue adjacent to the periodontal pocket. The inflamed periodontium with infection is thus identified as a reservoir for gram-negative bacteria and their byproducts, including lipopolysaccharide and pro-inflammatory cytokines (Schenkein and Loos, 2013; Wang et al., 2021). Most frequently, however, physical changes in gingival tissue facilitate bacterial translocation. Any dental treatment procedure, such as scaling, root planning, and tooth extractions is established to disturb this epithelium and possibly contribute to low-level bacteremia (Bahrani-Mougeot et al., 2008; Olsen, 2008; Fan et al., 2023). Even routine oral hygiene procedures or functions (chewing, toothbrushing, and flossing) might cause gingival epithelium disruption (Lockhart et al., 2008; Tomás et al., 2012; Hajishengallis, 2015). In addition, it has been proposed, but not proven, that pathogenic bacteria can enter the bloodstream and disseminate to distant sites via phagocytic cells (the Trojan horse approach) (Carrion et al., 2012). As a consequence of this situation, the bacterial pathogen enters the leucocytes and evades microbial killing, escaping from the phagocyte after traveling to another part of the body, which is beneficial for the pathogen but causes harm to the host (Zeituni et al., 2009). Using blood samples obtained before, during, or after periodontal procedures in periodontitis patients, a systematic review based on observational studies found the most commonly detected bacteria were Viridans Streptococci, A. actinomycetemcomitans, P. gingivalis, Micromonas micros, and Actinomycete species (Horliana et al., 2014). Live bacteria in atherosclerotic plaque and atheromatous tissue samples could be detected by culturing viable P. gingivalis (Xie et al. 2020a; Hajishengallis and Chavakis, 2021). The periodontal microbe P. gingivalis is one of the most extensively studied pathogens in this regard. Intravenous injections of P. gingivalis can accelerate atherosclerosis in murine models (Xuan et al., 2017). In addition, Xie demonstrated that P. gingivalis is capable of compromising the structural integrity and inhibiting the self-repair ability of the endothelium. This is a factor thought to be of primary significance in the etiology of vascular disease (Xie et al. 2020b). Thus, evidence for biological effects comes from experimental animal studies. These studies suggest the potential mechanisms of atherogenesis, but cannot definitively prove that periodontal bacteria cause atherogenesis in humans.

Inflammation

Inflammatory mediators are released as a result of bacterial stimulation, in periodontal tissues that cause local pathology, such as collagen destruction and bone resorption. When oral bacteria are sown in atheroma or interact with cells in other organs, the bacteremia process causes the activation of inflammatory cells, endothelial cells, and other kinds of cells, and the creation of inflammatory mediators at distant regions. Severe periodontitis patients have higher C-reactive protein (CRP), interleukin (IL)-1, and IL-6 levels and blood neutrophil counts than healthy controls (Bokhari et al., 2012, 2014). In a prospective trial of 11,869 people, poor dental hygiene was linked to low-grade systemic inflammation and increased CVD risk (de Oliveira et al., 2010). In contrast, successful local periodontal treatment reduces inflammatory indicators systemically (Türer et al., 2017; Bajaj et al., 2018; D’Aiuto et al., 2018). LPS is a component of the membrane wall of Gram-negative bacteria, and also a kind of endotoxin produced by Gram-negative bacteria, which can induce inflammation (Rossol et al., 2011). When gram-negative bacteria are lysed in the bloodstream, LPS enters systemic circulation. Then it is recognized by the LPS binding protein (LBP) of to the host immune system. Upon binding to LPS, LBP recognizes the antigen using the CD14 co-receptor on macrophages, neutrophils, and endothelial cells. Inflammatory pathway nuclear factor-kappa beta (NF-κB) is then activated through the interaction of CD14 with toll-like receptor 4 (TLR4) and MD2 complexes (Choi et al., 2021). ASCVD events have been associated with the inflammatory pathways associated with CD14 and TLR4/NF-κB. A higher level of LPS circulating in the body is linked with elevated C-reactive protein and an increased risk of ASCVD, after adjusting for traditional risk factors (Elisa Kallio et al., 2014).

As a result of this process, there is a significant increase in endothelial cell adhesion molecules, and tumor necrosis factor-alpha (TNF-α) levels (Mann, 2011). Monocytes are captured by cellular adhesion molecules, resulting in increased endothelial permeability (Galkina and Klaus, 2007). The inflammatory mediators produced by chronic periodontitis, such as IL-1, TNF-α, CRP, prostaglandins, interleukins, and proteolyenostic enzymes like matrix metalloproteinases (MMPs), are released into the systemic circulation and can induce or exacerbate endothelial dysfunction by stimulating endothelial cells to produce other inflammatory markers (Gurav, 2014). The synthesis and bioavailability of nitric oxide (NO) can decreased in periodontitis, and have a deleterious effect on the function of the vascular endothelium and endothelium-dependent vasodilation (Moura et al., 2017). This is one of the pathways linking periodontitis to endothelial dysfunction. TNF-α is known for decreasing the ability of endothelial cells to synthesize NO and reduce the half-life of endothelial nitric oxide synthase mRNA (Horio et al., 2014). Recent research suggests that MMPs may play a key role in the instability and rupture of atherosclerotic plaques by degrading the collagen of the extracellular matrix of the fibrous layer of atheroma plaques (Brown et al., 2017). Soft connective tissues with a high rate of degraduation of extracellular matrix are prone to penetration and reshaping, and MMPs play a critical part in this process (Olejarz et al., 2020).

Atheroma formation requires both monocytes and lipoproteins to penetrate the endothelial cells to be able to initiate the process. Atheromatous lesions are created by the accumulation of lipoproteins in the intima. The permeability of dysfunctional endothelium increases and is hypothesized to strongly influence the pathophysiology of ASCVD (Zardawi et al., 2020). Endothelial dysfunction is thought to be the primary biological disorder causing ASCVD (Vanhoutte, 2009). Periodontitis can cause endothelial dysfunction in several ways. The innate immune system is triggered by the LPSs produced by the high-risk gram-negative bacteria. TLRs, which are widely distributed and found in endothelial cells, are stimulated by LPSs. The gene for the transcription factor NF-κB is activated by TLR signaling. This is followed by increased levels of TNF-α and endothelial cellular adhesion molecules (Mann, 2011).

Cellular adhesion molecules capture monocytes and as a result, increase the endothelial permeability (Galkina and Klaus, 2007). TNF-α induces increased endothelial permeability by binding with tight junction proteins (McKenzie and Ridley, 2007). By stimulating the innate immune system, chronic periodontal infections with high-risk pathogens can increase endothelium permeability.

The occurrence of accelerated arterial tissue calcification and cardiovascular disease is associated with autoimmune processes (Hansson and Hermansson, 2011; Libby, 2012; Wolf and Ley, 2019). The self-antigens heat-shock proteins (HSPs) are of special interest because they are also found in the periodontium of patients with periodontal disease, which raises the possibility that they might be the targets of the self-directed immune response in atherosclerosis (Koutouzis et al., 2009). Human HSPs are homologous to those contained in P. gingivalis and many other oral infectious bacteria (Siqueira and Rôças, 2007). Immune responses to bacterial HSP are thought to cause endothelial damage. There is also evidence that cross-reactive autoantibodies against bacterial antigens, specifically those against HSP60, promote atherosclerosis (Choi et al., 2011; Garrido-Urbani et al., 2014). In one study, cross-reactivity between P. gingivalis and human HSP60 resulted in an immediate autoimmune reaction in the vascular endothelium, which greatly accelerated atherosclerosis (Wick, 2016). As evidenced by the finding of P. gingivalis HSP-specific T-cells in laboratory samples of atherosclerosis plaque, T-cell immune responses to P. gingivalis HSP60 may contribute to atherosclerosis.

Furthermore, the peripheral blood of patients with periodontal disease was found to contain T cells that recognize HSP60 (Li et al., 2022). Recently, a study proposed that HSP60-based therapeutic strategies or vaccines may be a new immunologic approach for the prevention and treatment of atherosclerosis (Hu et al., 2018).

Tooth loss

Untreated periodontitis may lead to the loss of teeth through the destruction of the supportive tissues of involved teeth. Even though several studies have shown evidence of an association between tooth loss and ASCVD, there are only a few related studies (Beukers et al., 2021). According to a retrospective cross-sectional study by Donders et al. (2020), the Coronary Artery Calcium (CAC) score and the number of missing teeth are statistically significantly correlated. Çetin et al. (2020) concluded that periodontitis and edentulism can be regarded as independent risk factors for ASCVD. However, when age, sex, and other well-known risk factors for ASCVD were modeled, the significant correlation was no longer present. These studies provide suggestive evidence that the relationship between tooth loss and atherosclerosis depends on their shared risk factors. Age was an essential covariate for the association between tooth loss and atherosclerosis. Elderly people are highly likely to be affected by periodontitis and ensuing tooth loss, meanwhile, the potential for atherosclerosis increases in them. The association also differed according to sex, which means that the contributions of oral inflammatory disease towards atherosclerosis and the link between tooth loss and atherosclerosis depend on gender (Asai et al., 2015). Compared with the lower values among female edentulous, the male edentulous show high atherosclerosis values (Meisel et al., 2014). The reason may be as follows: with a lower number of teeth comes a gradual decline in masticatory function, which is related to higher risks for ASCVD mortality. Tooth loss has been indicated to affect nutritional intake, poor masticatory ability obstructs nutrition and also lower vitamin, mineral, and fiber intakes (Gondivkar et al., 2019; Soliman, 2019; Tanaka et al., 2021; Riccardi et al., 2022). The studies indicate that changes in diet and nutritional intake could contribute to atherosclerosis by reducing masticatory ability due to tooth loss and reduced occlusal support caused by periodontal disease. The choice of foods that patients can ingest becomes restricted when masticatory ability comes to a decline. Nutrition plays a major role as a link between atherosclerosis and oral health. In addition, edentulous patients have been shown to eat soft food and avoid hard foods that are difficult to chew, which consequently causes less intake of vegetables and vitamins, leading to a reduced intake of antioxidant vitamins and dietary fiber (Wakai et al., 2010; Inomata et al., 2014). An increasing number of studies have detected that ingesting antioxidant vitamins and dietary fiber by eating vegetables decreases the incidence of ASCVD (Steffen et al., 2003; Okuda et al., 2015). Nutrition can be observed as a mediator in the relationship between oral and atherosclerosis.

Conclusion

Periodontal health could increase the risk for ASCVD through oral microorganisms, inflammation, or tooth loss, and it should be added to the existing cardiovascular risk profiles as an additional risk factor. The prevention or therapy of periodontitis can reduce serum inflammatory mediators, improve the lipid profile, and induce positive changes in other CVD surrogate measures (Herrera et al., 2020). Future studies are required to assess whether periodontal treatment is associated with a reduced presence of atherosclerosis or a reduced prevalence of atherosclerosis insociety.
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