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Introduction
Introduction contributed by Dr. Anthony Iacopino, Executive Director, International Centre for Oral Systemic Health, University of Manitoba, Winnipeg.
The vasculature appears to be particularly susceptible to periodontitis-induced alterations that result in atherosclerosis and decreased elasticity/increased stiffness.  There appear to be contributions to these negative consequences arising from both periodontitis-induced bacteremia/endotoxemia and a heightened systemic inflammatory state driven by periodontitis-induced serum elevations of pro-inflammatory cytokines (IL-1ß/TNF-α) and lipids (LDL cholesterol/triglycerides).1,2  It is best to specifically limit the discussion of this relationship to vascular dysfunction and hypertension rather than try to make causal linkages to significant downstream adverse clinical events such as myocardial infarction/stroke.  The types of clinical studies and interventional trials required to provide the necessary quality of evidence for these endpoints can never be completed due to: 1) length of observation time required; 2) extremely high cost of experimental design; and 3) ethical concerns related to control groups.   
It is now generally accepted within the medical community that periodontitis causes vascular dysfunction and this is reversible with periodontal treatment.  It is recognized that hypertension is a primary outcome of this vascular dysfunction.  The evidence base for this relationship is indisputable.  With regard to biological mechanism, atherosclerotic changes to vasculature occur as a result of intimal damage from cross-reactivity of antibodies directed against a periodontal pathogen (P gingivalis) combined with elevated serum pro-inflammatory cytokines and lipids induced by periodontitis.3  
The term used to describe the autoimmune reaction to P gingivalis is molecular mimicry.  Damage to vascular endothelial cells is mediated by autoimmune antibodies directed against P gingivalis heat shock proteins that cross react with vascular endothelial heat shock proteins.  This results in leaky intimal walls and exposes the medial layer.  Inflammatory response to this damage along with periodontitis-induced high levels of circulating of serum pro-inflammatory cytokines amplifies intimal/medial damage providing an opportunity for periodontitis-induced high levels of circulating lipids to accumulate. Subsequent recruitment of macrophages and foam cell formation then trigger development of atheromatous plaques (fatty streak formation) and presence of atherosclerosis.  These plaques will develop an enlarging core with a fibrous cap over time and may ulcerate and rupture possibly causing myocardial infarction or stroke.  Vascular dysfunction and atherosclerotic disease can occur in vascular elements throughout the body although the most relevant are carotid arteries and brain vasculature (cerebrovascular disease) and coronary arteries and heart vasculature (cardiovascular disease).  
With regard to hypertension, numerous studies utilizing flow-mediated dilatation and pulseñ wave velocity have documented decreased arterial elasticity/increased stiffness in the presence of periodontitis with improvement of these parameters after standard periodontal intervention.4-8   Vasculature that loses its elasticity and becomes stiffer will result in elevations of systolic and diastolic blood pressure values.  This has significant public health implications due to the myriad diseases/conditions linked to hypertension.9-11  Thus, it is important that standard periodontal treatment may reduce morbidity/mortality associated with hypertension as periodontal interventions are relatively non-invasive, cost-effective and readily accessible.  
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Zhao M-J, Qiao Y-X, Wu L, Huang O, Li B-H, Zeng X-T (2019). Periodontal Disease Is Associated With Increased Risk of Hypertension: A Cross-Sectional Study. Front Physiol DOI: https://doi.org/10.3389/fphys.2019.00440 At: https://www.frontiersin.org/articles/10.3389/fphys.2019.00440/full Abstract: Objective: Published evidence showed that periodontal disease is associated with hypertension. However, relevant findings remain controversial, with few evidences focusing on Chinese population. Therefore, the aim of this study was to investigate the association between periodontal disease and hypertension in Chinese population. Methods: A total of 4,930 participants from an available health examination that was carried out in 2017 were selected for this retrospective study. The correlations between periodontal disease and hypertension were investigated using univariate and multiple logistic regression analyses and propensity score adjusted analysis. Interaction and subgroup analyses were also used to detect variable factors. Results: Finally, a total of 3,952 participants aged 30–68 years were eligible for this study. The results showed that hypertension risk was statistically significant associated with periodontal disease either in unadjusted (OR = 1.28, 95%CI = 1.14–1.47) or in adjusted (OR = 1.34, 95%CI = 1.14–1.58) model. Result from propensity score adjusted analysis also demonstrated a similar association (OR = 1.23, 95%CI = 1.06–1.42). Conclusion: Periodontal disease is significantly and positively correlated with increased risk of hypertension in Chinese population, and exact mechanisms of this association should be explored in future.
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Zhou Q-B, Xia W-H, Ren J, Yu B-B, Tong X-Z, Chen Y-B, Chen S, Feng L, Dai J, Tao J, Yang J-Y (2017). Effect of Intensive Periodontal Therapy on Blood Pressure and Endothelial Microparticles in Patients With Prehypertension and Periodontitis: A Randomized Controlled Trial. J Periodontol 88(8): 711-722. DOI: 10.1902/jop.2017.160447 At: https://pubmed.ncbi.nlm.nih.gov/28452620/ Abstract: Background: Although some studies show a positive association between periodontitis and blood pressure (BP) elevation, research on the effect of intensive periodontal treatment on decline in BP levels and endothelial microparticles (EMPs) without any antihypertensive management is lacking. Therefore, the present clinical trial explores whether intensive periodontal therapy would lower BP levels and EMPs of patients with prehypertension with periodontitis. Methods: From a total 107 patients, 95 underwent randomization (47 assigned to control-treatment [CT] group and 48 assigned to intensive-treatment [IT] group) and completed the trial. Patients received intervention for 4 consecutive weeks and were followed for 6 months. Levels of BP and EMPs were evaluated at baseline and 1, 3, and 6 months after intervention. Results: Periodontal conditions were significantly improved (P <0.05) 6 months after intensive periodontal treatment. In parallel, the primary outcomes including systolic and diastolic BP and EMPs were markedly reduced in the IT group compared with the CT group (absolute difference: 12.57 and 9.65 mm Hg and 581.59/μL, respectively; 95% confidence intervals: 10.45 to 14.69, 7.06 to 12.24, and 348.12 to 815.06, respectively; P <0.05). Reduction in BP levels and EMPs was related to improvement in probing depth (r = 0.358, 0.363, and 0.676, respectively, by the Pearson product-moment correlation; P = 0.009, 0.008, and P <0.001, respectively). Conclusion: To the best knowledge of the authors, the present study demonstrates for the first time that intensive periodontal intervention without any antihypertensive medication therapy may be an effective means to lower levels of BP and EMPs in patients with prehypertension with periodontitis
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[bookmark: _Hlk54961094]Kawabata Y, Ekuni D, Miyai H, Katoaka K, Yamane M, Miuitani S, Irie K, Azuma T, Tomofuji T, Iwasaki Y, Morita M (2016). Relationship Between Prehypertension/Hypertension and Periodontal Disease: A Prospective Cohort Study. Am J Hypertens 29(3): 388-396. DOI: 10.1093/ajh/hpv117 At: https://pubmed.ncbi.nlm.nih.gov/26208668/ Abstract: Background: Most cross-sectional studies have found a significant positive relationship between periodontal disease and prehypertension/hypertension. However, these studies had limitations and there are few prospective cohort studies in young adults. The purpose of this prospective cohort study was to investigate whether periodontal disease was related to prehypertension/hypertension in Japanese university students. Methods: Students (n = 2,588), who underwent health examinations before entering university and before graduation, were included in the analysis. The association between periodontal disease such as the percentage of bleeding on probing (BOP) and community periodontal index (CPI) scores, and change in blood pressure status was determined. Results: At the reexamination, the numbers of participants with prehypertension (systolic blood pressure 120-139mm Hg or diastolic blood pressure 80-89mm Hg) and hypertension (≥140/90mm Hg) were 882 (34.1%) and 109 (4.2%), respectively. In a logistic regression model, the risk of hypertension was significantly associated with male (odds ratio (OR): 6.31; 95% confidence interval (CI): 2.63-15.13; P < 0.001), no habitual physical activity at baseline (OR: 2.90; 95% CI: 1.56-5.38; P < 0.01) and periodontal disease defined as the presence of both probing pocket depth (PPD) ≥ 4mm and BOP ≥ 30% at baseline (OR: 2.74; 95% CI: 1.19-6.29; P = 0.02) in participants with prehypertension at baseline. On the other hand, the risk of prehypertension was not associated with presence of periodontal disease (OR: 0.93; 95% CI: 0.51-1.70; P = 0.82). Conclusion: In the short-term prospective cohort study, a significant association between presence of periodontal disease and hypertension was observed in Japanese university students. Keywords: blood pressure; cohort studies; hypertension; periodontal disease; university students. 
Martin-Cabezas R, Seelam N, Petit C, Agossa K, Gaertner S, Tenenbaum H, Davideau J-L, Huck O (2016). Association between periodontitis and arterial hypertension: A systematic review and meta-analysis. Am Heart J 180: 98-112. DOI: 10.1016/j.ahj.2016.07.018 At: https://pubmed.ncbi.nlm.nih.gov/27659888/ Abstract: Background: Several studies have shown that periodontal diseases are associated with hypertension (HT). However, heterogeneity among populations, diagnosis criteria, and shared risk factors represent some difficulties in terms of interpretation. Therefore, the aim of this study was to determine the magnitude of the association between periodontal diseases and HT. Methods and results: A systematic review and meta-analysis, including studies published up to June 2016, have been performed. Sixteen studies assessing the association between periodontal diseases and HT have been included. The meta-analysis considering all included studies (moderate to severe periodontitis) showed that the presence of HT was associated with the presence of periodontal diseases (OR, 1.50; 95% CI, 1.27-1.78). To reduce potential bias, a stratified analysis has been performed illustrating the impact of inclusion criteria and adjustments on the magnitude of the association. Interestingly, when only studies with secure diagnosis of severe periodontitis and HT were considered, an OR=1.64 (95% CI, 1.23-2.19) has been measured. Conclusions: Periodontal diseases are associated with a higher risk of HT especially for severe periodontitis. However, no conclusions could be made regarding the causative involvement of periodontal diseases mainly due to the reduced number of available prospective studies and remaining questions regarding underlying biological mechanisms.
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Leong X-F, Ng C-Y, Badiah B, Das S (2014). Association between Hypertension and Periodontitis: Possible Mechanisms, The Scientific World J, Vol 2014, ID 768237, 11 pp. DOI: https://doi.org/10.1155/2014/768237 At: https://www.hindawi.com/journals/tswj/2014/768237/ Abstract: This review is to examine the current literatures on the relationship between periodontitis and hypertension as well as to explore the possible biological pathways underlying the linkage between these health conditions. Hypertension is one of the major risk factors for cardiovascular diseases. Oxidative stress and endothelial dysfunction are among the critical components in the development of hypertension. Inflammation has received much attention recently and may contribute to a pivotal role in hypertension. Periodontitis, a chronic low-grade inflammation of gingival tissue, has been linked to endothelial dysfunction, with blood pressure elevation and increased mortality risk in hypertensive patients. Inflammatory biomarkers are increased in hypertensive patients with periodontitis. Over the years, various researches have been performed to evaluate the involvement of periodontitis in the initiation and progression of hypertension. Many cross-sectional studies documented an association between hypertension and periodontitis. However, more well-designed prospective population trials need to be carried out to ascertain the role of periodontitis in hypertension.
Paizan MLM, Vilela-Martin JF (2014). Is There an Association between Periodontitis and Hypertension? Curr Cardiol Rev 10(4): 355-361. doi: 10.2174/1573403X10666140416094901 At: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4101200/ Abstract: Cardiovascular diseases are the leading cause of deaths. Also, cardiovascular risk factors start the atherosclerotic process, which leads to cardiovascular diseases. Nowadays, periodontal disease can also be considered another cardiovascular risk factor. It involves inflammatory, immunological and humoral activities, which induce the production of proinflammatory cytokines and the destruction of the epithelium. This allows the entry of endotoxins and exotoxins in the bloodstream, which may contribute to atherogenesis and thromboembolic events. There is also direct invasion of the vessel wall by oral pathogens, triggering an inflammatory response that produces endothelial dysfunction. In hypertension, changes in microcirculation can cause ischemia in the periodontium, which favors periodontal disease. Moreover, endothelial dysfunction promotes the formation of atherosclerotic plaque and the development of lesions in target organs. Periodontitis has also been associated with insulin resistance and a higher risk for the metabolic syndrome, which is characterized by oxidative stress. This seems to act as a common link to explain the relationship between each component of the metabolic syndrome (including hypertension) and periodontitis. This article will discuss clinical and experimental evidence, as well as possible pathophysiologic mechanisms and links involved in the relationship among periodontal disease, hypertension and cardiovascular disease.
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Desvarieux M, Demmer RT, Jacobs DRJr, Rundek T, Boden-Albala B, Sacco RL, Papapanou PN (2010). Periodontal bacteria and hypertension: the oral infections and vascular disease epidemiology study (INVEST). J Hypertens 28(7): 1413-1421. DOI: 10.1097/HJH.0b013e328338cd36  At: https://pubmed.ncbi.nlm.nih.gov/20453665/ Abstract: Objective: Chronic infections, including periodontal infections, may predispose to cardiovascular disease. We investigated the relationship between periodontal microbiota and hypertension. Methods and results: Six hundred and fifty-three dentate men and women with no history of stroke or myocardial infarction were enrolled in INVEST. We collected 4533 subgingival plaque samples (average of seven samples per participant). These were quantitatively assessed for 11 periodontal bacteria using DNA-DNA checkerboard hybridization. Cardiovascular risk factor measurements were obtained. Blood pressure and hypertension (SBP > or =140 mmHg, DBP > or =90 mmHg or taking antihypertensive medication, or self-reported history) were each regressed on the level of bacteria: considered causative of periodontal disease (etiologic bacterial burden); associated with periodontal disease (putative bacterial burden); and associated with periodontal health (health-associated bacterial burden). All analyses were adjusted for age, race/ethnicity, sex, education, BMI, smoking, diabetes, low-density lipoprotein and high-density lipoprotein cholesterol. Etiologic bacterial burden was positively associated with both blood pressure and prevalent hypertension. Comparing the highest and lowest tertiles of etiologic bacterial burden, SBP was 9 mmHg higher, DBP was 5 mmHg higher (P for linear trend was less than 0.001 in each case), and the odds ratio for prevalent hypertension was 3.05 (95% confidence interval 1.60-5.82) after multivariable adjustment. Conclusion: Our data provide evidence of a direct relationship between the levels of subgingival periodontal bacteria and both SBP and DBP as well as hypertension prevalence.
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