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Type 2 diabetes and its associated cardiovascular risk is an escalating epidemic that represents a significant public health burden due to increased morbidity and mortality, disproportionately affecting disadvantaged communities. Poor glycaemic control exacerbates this burden by increasing retinal, renal, and cardiac damage and raising healthcare costs. This predicament underscores the urgent need for research into cost-effective approaches to preventing diabetes complications. An important but often overlooked strategy to improve metabolic control in diabetic patients is the treatment of periodontitis. Our aim is to assess whether the inclusion of periodontitis treatment in diabetes management strategies can effectively improve metabolic control, and to advocate for its inclusion from an equity perspective. We conducted a comprehensive review of the literature from 2000 to 2023. We analyzed the pathophysiological links between periodontitis, diabetes, and atherosclerotic cardiovascular disease, all of which have inflammation as a central component. We also examined the inequalities in health care spending in this context. Our findings suggest that incorporating routine screening and treatment of periodontitis into national health programs, with coordinated efforts between physicians and dentists, is a cost-effective measure to improve metabolic control, reduce complications and improve the overall quality of life of people with diabetes.
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Introduction

Type 2 diabetes (T2DM) is one of the fastest-growing global diseases of the 21st century, with a prevalence that has more than tripled in the last 20 years and affects 10.5% of the world’s population aged 20–79 years (1). It is expected that these numbers will continue to grow, particularly in low-income countries, which have higher population growth compared to high-income countries. T2DM also generates a large impact on indirect health expenditure, i.e., workforce dropout, absenteeism and presenteeism (2), affecting the poorest countries, which account for the lowest percentage of global diabetes-related health expenditure but have the largest outflow from the national health budget attributed to T2DM (1, 2). This picture becomes even more striking when we consider that half of the people diagnosed with diabetes in the United States achieve a glycosylated hemoglobin (HbA1c) < 7% (3), one of the markers with the highest predictive value for microvascular and macrovascular diabetes complications (4), with a 1% reduction in HbA1c being able to reduce the risk of any diabetes-related endpoint by 21% (5). More worryingly, only 1 in 4 or fewer adults with T2DM meet the American Diabetes Association (ADA) targets for blood pressure, cholesterol, and HbA1c to reduce their cardiovascular risk (6, 7). Failure to meet these targets results in a significant burden of disability and death (8), which has contributed to a tripling of global health expenditure on diabetes over the past 15 years (1), disproportionately affecting the poorest regions (1, 2). Much of this expenditure is attributable to atherosclerotic cardiovascular disease (ACVD), defined as coronary heart disease, cerebrovascular disease, or peripheral arterial disease of presumed atherosclerotic origin. ACVD is the leading cause of morbidity and mortality in people with diabetes, and the current paradigm of diabetes care requires that multiple cardiovascular risk factors be addressed simultaneously and aggressively (6).

This scenario implies a constant need to investigate new cost-effective methods to provide antidiabetic therapy and reduce T2DM cardiovascular risk and complications. An important but often neglected measure in the T2DM management is the treatment of periodontal disease (PD) (9). PD is a group of chronic inflammatory diseases that affect the tooth supporting structures and is classified into gingivitis, the mildest form of the disease, characterized by swollen, red and easily bleeding gums without loss of underlying alveolar bone, and periodontitis, an advanced state of the disease that involves both inflammatory changes and destruction of the periodontal ligament and supporting alveolar bone, which can lead to tooth loss if left untreated (10). Severe periodontitis has a worldwide prevalence of 5%–15% in the adult population (10) and, compared to other dental diseases, it has the highest correlation with chronic systemic diseases, especially T2DM. In diabetic patients, periodontitis is known to compromise glycemic control and perpetuate chronic inflammation, increasing the risk of microvascular and macrovascular complications (11).

In this article, we will review the pathophysiological and social links between PD and T2DM, focusing on the evidence for the benefits of periodontal treatment in controlling glycaemia, inflammatory markers, and cardiovascular risk. Our aim is to assess whether incorporating periodontal treatment into diabetes management can effectively improve metabolic control, with a significant impact on cardiovascular outcomes and the overall quality of life of patients with diabetes, with a particular focus on disadvantaged communities. We conducted a comprehensive review of the PubMed literature between 2000 and 2023 using relevant terms, PubMed functions, and citation tracking. Given the substantial growth in research on periodontitis and diabetes over the past 15 years, priority was given to recent literature, with particular attention to key studies on the systemic impact of periodontitis, standards of care, oral health management, and systematic reviews.


Inequality and neglect in oral health care: uncovering disparities and urging action

It is estimated that 90% of the world’s population will suffer from some form of oral disease during their lifetime. In 2010, five oral diseases alone accounted for 18,814,000 disability-adjusted life years (DALYs), an increase of 21% since 1990 (10). This increase in DALYs is significantly higher for PD, which has risen by 57% in 20 years to become the leading oral disease in adults over the age of 35, along with other major non-communicable diseases (NCDs), such as diabetes (69.0%) (10). In addition, dental caries and PD are the leading causes of tooth loss and edentulism worldwide, resulting in difficulties with chewing, food intake, speech, self-esteem, quality of life and social interactions (10, 12). These conditions also hinder economic development. In Canada, more than 40 million hours are lost each year due to dental problems and treatment, representing a potential productivity loss of more than $1 billion (13).

Due to the high prevalence and the cumulative and recurrent nature of PD and other oral diseases, oral health care is one of the most expensive services provided by health systems; thus, with average annual expenditure in the European Union between 2008 and 2012 of 79 billion euros (€), exceeding the costs of stroke (€38.0 billion), cancer (€51.0 billion) and respiratory diseases (€55.0 billion) (10). However, the way in which governments address oral health varies widely between countries and among their own populations, with notable inequalities. A 2016 multinational comparison estimated the extent of social inequality in adult oral health in five countries, using education as an indicator of social position (12). Of the five Organization for Economic Cooperation and Development countries, the richest country, the United States, had the highest prevalence of edentulism at almost all levels of education, with high inequality, while in the poorest country, Chile, more than half of the population with the lowest level of education lacked functional dentition compared with 10% of the university population (12, 14).

Worldwide, several countries and health systems report a lack of oral health coverage and inequitable access, implying a significant impoverishment of communities due to out-of-pocket health expenditure (15, 16). Bernabé et al. (15) analyzed the impact of out-of-pocket dental health expenditure on catastrophic health expenditure (CHE) in households in low- and middle-income countries. They found that households that paid for dental care were more likely to experience CHE or impoverishment than those that did not pay for dental care. At the country level, of all the covariates analyzed, higher out-of-pocket health expenditure was the only factor associated with greater odds of both CHE and impoverishment (2).

Developed countries have developed strategies to address this problem (16–18), but in Latin America, only five governments have even assessed dental status in nationally representative samples of adults (19). The neglect of oral health, particularly in low- and middle-income countries, represents a major blind spot for public policies aimed at addressing NCD epidemics, as the relationship between dental conditions and other NCDs has been extensively studied, particularly PD, the dental condition with the strongest observed association with systemic diseases, particularly T2DM (20).



Impact of periodontitis on diabetes and cardiovascular risk

In 2012, the Joint EFP/AAP Workshop on Periodontitis and Systemic Disease concluded that there is consistent and strong epidemiological evidence that periodontitis increases the risk of ACVD (21), but the quality of the evidence at that time did not allow causality to be inferred (22). In addition, diabetic patients with periodontitis have been shown to have a 6-fold higher risk of poor glycemic control and an increased risk of diabetic complications than patients with a healthy periodontium (11, 23). The mechanisms underlying these associations have been attributed to the relationship between local and systemic inflammation (24, 25) (Figure 1).
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FIGURE 1
 Mechanisms underlying the relationship between periodontitis and systemic diseases. 1. Microbial dysbiosis favors proliferation of P. gingivalis; 2. Bacterial infection destroys connective tissue and alveolar bone allowing the entry of various microbes into the bloodstream 3. The gram-negative pathogen P. gingivalis activates a pro-inflammatory status that 4. impairs pancreatic function and glycemic control; 5. The resulting endothelial dysfunction, combined with the action of bacterial endotoxins worsens 6. metabolic control and contributes to 7. Atherosclerosis, 8. Thrombotic phenomena and 9. Increased cardiovascular risk. 10. In addition, endothelial dysfunction allows colonization of distal tissues and 11. Increased risk of cancer of the lung, pancreas, esophagus, and stomach. Th17, T helper 17 lymphocyte; Threg, regulatory T helper lymphocyte; LPS, lipopolysaccharide; IL-6, interleukin 6; TNF-α, tumor necrosis factor alpha; PCR, C-reactive protein; IL-1, interleukin 1; sdLDL, small and dense low-density lipoprotein; LDL, low-density lipoprotein; AGE, advanced glycation end products.


PD is initiated by the accumulation of pathogenic dental biofilm around the gingival margin (11). Diabetic patients have a 2–3 times higher risk of PD than non-diabetics, especially those with inadequate glycemic control (26), as chronic hyperglycemia and the accumulation of advanced glycation end products (AGEs) increase cytokine expression and oxidative stress in mononuclear and polymorphonuclear phagocytic cells (27), create a pro-inflammatory environment with high levels of serum concentrations of C-reactive protein (CRP), IL-1, IL-6, and TNF-α, and reduce both collagen synthesis and osteoblastic activity. These conditions facilitate the transformation of the subgingival microflora into an essentially high-risk gram-negative flora, especially with Porphyromonas gingivalis (P. gingivalis), generating dysbiosis and a chronic non-resolving and destructive inflammatory response on the connective tissue and alveolar bone, facilitating the entry of microbes into the bloodstream, and cause bacteremia (27, 28). P. gingivalis endotoxins (lipopolysaccharides – LPS) induce systemic responses. LPS facilitate the three critical steps in the pathogenesis of atherosclerosis: (1) increased levels of small and dense low-density lipoprotein (sd-LDL); (2) promotion of endothelial permeability by triggering the innate immune system response; and (3) stimulation of smooth muscle cells to produce a proteoglycan-enriched extracellular matrix in the intima that enhances lipoprotein binding and retention (29). It has also been shown that certain strains of P. gingivalis induce platelet activation and aggregation even in the absence of vascular injury, favoring thrombotic episodes (30, 31). In addition, the chronic pro-inflammatory response stimulated by LPS through the ulcerated bursal epithelium may reduce beta-cell function, increase insulin resistance and worsen dyslipidemia, creating a cycle of hyperglycemia and AGE protein binding, which reinforces the diabetic pathway of connective tissue degradation, destruction, and proliferation, leading to more frequent and severe PD in people with diabetes, increased difficulty in controlling blood glucose and increased risk of ACVD (11, 27, 32).



Improving periodontitis management and metabolic control in individuals with diabetes

In addition to pharmacological treatment, the World Health Organization recommends a healthy diet, physical activity, and regular screening and treatment for complications to prevent adverse outcomes (33). In this context, any measure to improve glycemic control is welcomed.

The ADA concludes in its 2022 edition of the Standards of Medical Care in Diabetes, that the benefits of periodontal treatment in diabetic patients remain controversial (9) because, although the evidence clinically and statistically demonstrates a reduction in HbA1c in T2DM ranging from 0.27% to 0.48% at 3–4 months post-intervention with a reduction similar to that usually achieved by adding a second anti-diabetic agent to the pharmacological regimen (11, 34), and also comparable to the expected advantage from the insulin pen over the classical syringe method of administration in insulin users (35); the Cochrane review on this topic in 2015, rated this body of evidence as weak and insufficient to demonstrate that this effect could be sustained beyond 4 months (34). Since then, new evidence has been published. In 2018 a randomized clinical trial (RCT) by D’Aiuto et al. (36) showed that intensive and standardized periodontal treatment of moderate-to-severe periodontitis in adults with T2DM achieved a sustained 0.6% reduction in HbA1c after 12 months of follow-up. In 2021, new evidence (37) emerged on the efficacy of adding an adjunctive drug to non-surgical periodontal treatment with extended follow-up beyond 4 months. This RCT achieved a > 1% reduction in HbA1c at 3 and 6 months, with or without adjunctive antibiotic prophylaxis (37). The most recent Cochrane review in 2023 thus modified its conclusions, indicating that periodontal treatment with subgingival instruments improves glycemic control over 6 months in patients with both diabetes and periodontitis by a clinically meaningful proportion compared with no treatment or usual care, with moderate certainty of evidence (38), consistent with recent systematic reviews (39).



Periodontal treatment: a catalyst for inflammation control

In 2017, the CANTOS trial (40) showed that reducing vascular inflammation significantly reduced the rate of recurrent cardiovascular events even in the absence of concomitant lipid lowering. The main indicator of the reduction in inflammation was CRP, a known prognostic marker of vascular events associated with various metabolic conditions (29). In addition to the improvement in glycemic control, D’Aiuto et al. also confirm a reduction in inflammatory markers such as CRP and TNF-α after 6 and 12 months of follow-up with a lower 10-year risk of coronary heart disease, consistent with evidence of a direct association of periodontal therapy with lower rates of myocardial infarction and heart failure in T2DM (26). This improvement in the overall inflammatory status is also the proposed mechanism to explain the reduction in creatinine levels in patients with type 2 diabetes receiving intensive periodontal therapy (36, 41) and the lower incidence rate of end-stage renal disease in the general population following surgical treatment of periodontitis (42).



Critical considerations for public health policy: integrating periodontal treatment into diabetes management

The bidirectional relationship between PD and T2DM has long been recognized, to the extent that the recent EFP/AAP World Workshop proposed the inclusion of glycemic control in the diagnostic scheme for patients with periodontitis (43). While hyperglycemia increases the risk and severity of PD, periodontitis worsens metabolic control in T2DM (11, 26). Consistent with this evidence, a USA study published in 2009 found that using periodontal measures to assess T2DM risk significantly improved screening rates for prediabetes and diabetes (44), and early detection led to recommendations for cost-effective lifestyle changes that resulted in a significant proportion of patients with prediabetes normalizing their blood glucose levels (45). These results encouraged NICE in the UK to recommend the involvement of dentists and physicians in screening for T2DM (11).

On the other hand, PD is a highly relapsing chronic disease, in which inflammation promotes the growth of dysbiotic microbial communities of “inflammophilic” bacteria that perpetuate tissue destruction in a vicious cycle of mutually reinforcing dysbiosis and inflammation (46, 47). Therefore, a key element of therapeutic success is to restore a healthy and durable oral ecosystem with long-term stability to favor improvement in clinical parameters such as probing depth, bleeding on probing or suppuration (46), and inflammatory parameters, to control both dysbiosis and disease progression (47). Thus, regular examination and treatment of recurrent PD would likely contribute to metabolic control and stability in patients with T2DM. Experts have stated that asking about symptoms and performing a visual assessment of oral and periodontal changes is straightforward and should be part of the evaluation of diabetic patients to make the necessary referrals (9, 45).

The oral health community has led several initiatives as screening tools. In a pilot study in the US, chairside HbA1c testing was administered to 50 patients with periodontitis who reported one or more of the ADA’s T2DM risk factors, detecting 32% of individuals with pre-diabetic HbA1c levels. Each HbA1c test costs US$9 (48). A more affordable option was demonstrated in Germany, where the Find-Risk questionnaire was modified to add the presence or absence of severe periodontitis and administered to general patients attending private dental services, with a positive predictive value of 35%. They were referred to a diabetologist for further diagnosis, where more than half of the patients had altered blood tests (49). Table 1 summarizes some recommendations for clinicians assessing patients with diabetes and dentists assessing adults with PD.



TABLE 1 Recommendations for physicians and dentists for screening and prevention of T2DM and PD.
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Inequalities in periodontal treatment and diabetes

There are several barriers to integrating PD prevention, control, and treatment into diabetes care programs. First, the current model of Westernized modern dentistry with a strong focus on treatment and high technology (50) greatly increases oral health expenditures, making it difficult for low- and middle-income countries to cover oral health services and increasing out-of-pocket expenditures for vulnerable populations, who are at greater risk of CHE and impoverishment (15). The prevalence of T2DM is directly related to lower socioeconomic status, less access to healthy food, lack of safety, and lower educational attainment in different countries (51). On the other hand, a low educational attainment has been shown to be a predictor of chronic PD, a relationship that is partly explained by the association between the educational attainment and T2DM (52), in addition to their common risk factors such as smoking, age, gender and overweight (20). A second barrier is the significant recruitment bias that exists in clinical studies of the effect of periodontal treatment on HbA1c, where the predominant participants are middle-aged white women with access to primary care providers, making it difficult to extrapolate results to those most at risk for PD and T2DM: older men, low socio-economic status, and racial/ethnic minorities (53).

In Latin America, Chile is one of the five countries that have assessed dental status in nationally representative samples of adults (19). In the early 2000s, this country embarked on a major health reform that included oral health, with the aim of improving access to and quality of health care and reducing health inequalities (54). Currently, inequalities in dental service utilization and untreated dental caries have been reduced. However, remaining teeth inequalities have increased, which can be explained by the application of low-complexity treatments with frequent dental extraction in low-income adults with free access to dental care (54). In addition, the Chilean health reform was designed to target the most prevalent diseases and at-risk populations. As a result, dental programs benefit certain age groups and pregnant women but ignore other populations with a high prevalence of oral disease, such as those with cardiovascular disease, diabetes or other NCDs (55).




Discussion

Both T2DM and PD are major causes of illness that can lead to disability and death (1, 2, 10). These conditions disproportionately affect low- and middle-income countries (12, 16). PD is two to three times more common in people with diabetes than in the general population (26). It is associated with a 6-fold higher risk of poor glycemic control and increased risk of complications compared with diabetic patients with a healthy periodontium (29). The effect of periodontal treatment on reducing HbA1c is comparable to the effect of adding a second drug to the antidiabetic pharmacological regimen (11). Despite historical controversy regarding the benefits of treating periodontitis in diabetes (9), recent evidence clearly confirms its benefits in terms of glycemic control, renal function, cardiovascular risk reduction, alleviation of chronic inflammation, and improvement in quality of life (36, 56); all with a clinically significant impact (38).

In addition, prevention of PD in T2DM may be a cost-effective strategy, involving regular check-ups in which clinicians inquire about symptoms and perform oral visual assessments (9, 11, 46). On the other hand, dentists can play an important role in the screening of T2DM through earlier medical evaluation in prediabetic stages (48, 49). Based on the evidence reviewed, it is also important to discuss the need to expand the services covered by T2DM insurance plans. This could make screening and improvement of glycemic status through PD treatment affordable in low- and middle-income countries.

Strengths of our study include a comprehensive review of the literature across multiple domains and the potentially high impact of our findings, given the widespread prevalence of both T2DM and PD. However, it is important to acknowledge its limitations. The certainty of our findings is limited by the exploratory nature of this review, which differs from the rigor of a systematic review. In future phases, our agenda includes evaluating the efficacy and safety of readily implementable interventions by both physicians and dentists to improve standards of care in the outpatient setting.

We must keep in mind the relapsing nature of PD and that durable metabolic control in T2DM may depend not only on the success of PD treatment, but also on regular follow-up to re-establish a healthy and durable oral ecosystem with long-term stability to favor improvement in clinical parameters and keep the inflammatory state in check. Finally, the prevention, treatment and control of PD in diabetic patients should be included in public health policies to improve metabolic control and quality of life and reduce diabetes complications not only in high-income patients but also in the most socially disadvantaged patients.



Author contributions

CS: Investigation, Validation, Writing – original draft. PO: Investigation, Validation, Writing – original draft. NF: Investigation, Validation, Visualization, Writing – original draft. BC: Investigation, Validation, Visualization, Writing – original draft. FA: Investigation, Validation, Visualization, Writing – original draft. FG: Conceptualization, Supervision, Validation, Writing – review & editing. IM: Conceptualization, Investigation, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was supported by the Servicio de Salud Viña del Mar Quillota – SSVQ and the Universidad de Valparaíso through their Health and Education Relationship Contract (DEXE 1530-20).



Acknowledgments

We thank the Servicio de Salud Viña del Mar Quillota – SSVQ and the Universidad de Valparaíso for the financial support of this work. We also thank Wilfredo Gonzalez-Arriagada and Marion Arce for their professional comments on the standardized treatment of PD and its relationship with systemic diseases.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. International Diabetes Federation. IDF diabetes Atlas 10th edition [Internet]. (2021). Available at: www.diabetesatlas.org

 2. International Diabetes Federation. IDF DIABETES ATLAS – Ninth edition (2019) [Internet]. 266, Lancet. 2019. 134–137 p. Available at: https://www.diabetesatlas.org/upload/resources/material/20200302_133351_IDFATLAS9e-final-web.pdf#page=38&zoom=auto

 3. Centers for Disease Control and Prevention. National Diabetes Statistics Report (2020); Available at: https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf

 4. Laiteerapong, N, Ham, SA, Gao, Y, Moffet, HH, Liu, JY, Huang, ES , et al. The legacy effect in type 2 diabetes:impactofearlyglycemic control on future complications (the Diabetes & Aging study). Diabetes Care. (2019) 42:416–26. doi: 10.2337/dc17-1144 

 5. Stratton, IM, Adler, AI, Neil, HAW, Matthews, DR, Manley, SE, Cull, CA , et al. Association of glycaemia with macrovascular and microvascular complications of type 2 diabetes (UKPDS 35): prospective observational study. Br Med J. (2000) 321:405–12. doi: 10.1136/bmj.321.7258.405 

 6. The American Diabetes Association. 10. Cardiovascular disease and risk management: standards of medical Care in Diabetes—2022. Diabetes Care. (2022) 45:S144–74. doi: 10.2337/dc22-S010 

 7. Chen, Y, Rolka, D, Xie, H, and Morbidity, Saydah S., Mortality Weekly Report (MMWR). (2020) Imputed state-level prevalence of achieving goals to prevent complications of diabetes in adults with self-reported diabetes — United States, 2017–2018. Available at: https://www.cdc.gov/mmwr/volumes/69/wr/mm6945a1.htm, 1665, 1670

 8. Lachin, JM, and Nathan, DM. Understanding metabolic memory: the prolonged influence of glycemia during the diabetes control and complications trial (dcct) on future risks of complications during the study of the epidemiology of diabetes interventions and complications (edic). Diabetes Care. (2021) 44:2216–24. doi: 10.2337/dc20-3097 

 9. The American Diabetes Association. 4. Comprehensive medical evaluation and assessment of comorbidities: standards of medical Care in Diabetes—2022. Diabetes Care. (2022) 45:S46–59. doi: 10.2337/dc22-S004 

 10. Jin, LJ, Lamster, IB, Greenspan, JS, Pitts, NB, Scully, C, and Warnakulasuriya, S. Global burden of oral diseases: Emerging concepts, management and interplay with systemic health. Oral Dis. (2016) 22:609–19. doi: 10.1111/odi.12428

 11. Sanz, M, Ceriello, A, Buysschaert, M, Chapple, I, Demmer, RT, Graziani, F , et al. Scientific evidence on the links between periodontal diseases and diabetes: consensus report and guidelines of the joint workshop on periodontal diseases and diabetes by the international diabetes federation and the European Federation of Periodontology. J Clin Periodontol. (2018) 45:138–49. doi: 10.1111/jcpe.12808 

 12. Elani, HW, Harper, S, Thomson, WM, Espinoza, IL, Mejia, GC, Ju, X , et al. Social inequalities in tooth loss: a multinational comparison. Community Dent Oral Epidemiol. (2017) 45:266–74. doi: 10.1111/cdoe.12285 

 13. Hayes, A, Azarpazhooh, A, Dempster, L, Ravaghi, V, and Quiñonez, C. Time loss due to dental problems and treatment in the Canadian population: analysis of a nationwide cross-sectional survey. BMC Oral Health. (2013) 13. doi: 10.1186/1472-6831-13-17 

 14. Organization for Economic Cooperation and Development. OECD.Stat. [cited 2022 Oct 17]. Level of GDP per capita and productivity. Available at: https://stats.oecd.org/index.aspx?DataSetCode=PDB_LV

 15. Bernabé, E, Masood, M, and Vujicic, M. The impact of out-of-pocket payments for dental care on household finances in low and middle income countries. BMC Public Health. (2017) 17:1–8. doi: 10.1186/s12889-017-4042-0

 16. Hannan, CJ, Ricks, TL, Espinoza, L, and Weintraub, JA. Addressing Oral health inequities, access to care, knowledge, and behaviors. Prev Chronic Dis. (2021) 18:1–5. doi: 10.5888/pcd18.210060

 17. Wamala, S, Merlo, J, and Boström, G. Inequity in access to dental care services explains current socioeconomic disparities in oral health: the Swedish National Surveys of public health 2004–2005. J Epidemiol Community Health. (2006) 60:1027–33. doi: 10.1136/jech.2006.046896

 18. Quĩonez, C, and Grootendorst, P. Equity in dental care among Canadian households. Int J Equity Health. (2011) 10:14. doi: 10.1186/1475-9276-10-14

 19. Duran, D, Monsalves, MJ, Aubert, J, Zarate, V, and Espinoza, I. Systematic review of Latin American national oral health surveys in adults. Community Dent Oral Epidemiol. (2018) 46:328–35. doi: 10.1111/cdoe.12379

 20. Seitz, MW, Listl, S, Bartols, A, Schubert, I, Blaschke, K, Haux, C , et al. Current knowledge on correlations between highly prevalent dental conditions and chronic diseases: an umbrella review. Prev Chron Dis. (2019) 16:E132. doi: 10.5888/pcd16.180641

 21. Tonetti, MS, and Van Dyke, TE. Periodontitis and atherosclerotic cardiovascular disease: consensus report of the joint EFP/AAPWorkshop on periodontitis and systemic diseases. J Periodontol. (2013) 84:S24–9. doi: 10.1902/jop.2013.1340019

 22. Lockhart, PB, Bolger, AF, Papapanou, PN, Osinbowale, O, Trevisan, M, Levison, ME , et al. Periodontal disease and atherosclerotic vascular disease: does the evidence support an independent association?: a scientific statement from the American heart association. Circulation. (2012) 125:2520–44. doi: 10.1161/CIR.0b013e31825719f3 

 23. Taylor, GW, Burt, BA, Becker, MP, Genco, RJ, Shlossman, M, Knowler, WC , et al. Severe periodontitis and risk for poor glycemic control in patients with non-insulin-dependent diabetes mellitus. J Periodontol. (1996) 67:1085–93. doi: 10.1902/jop.1996.67.10s.1085 

 24. Carrizales-Sepúlveda, EF, Ordaz-Farías, A, Vera-Pineda, R, and Flores-Ramírez, R. Periodontal disease, systemic inflammation and the risk of cardiovascular disease. Heart Lung Circ. (2018) 27:1327–34. doi: 10.1016/j.hlc.2018.05.102

 25. Hoare, A, Soto, C, Rojas-Celis, V, and Bravo, D. Chronic inflammation as a link between periodontitis and carcinogenesis. Mediators Inflamm. (2019) 2019:1–14. doi: 10.1155/2019/1029857

 26. Peng, CH, Yang, YS, Chan, KC, Kornelius, E, Chiou, JY, and Huang, CN. Periodontal treatment and the risks of cardiovascular disease in patients with type 2 diabetes: a retrospective cohort study. Intern Med. (2017) 56:1015–21. doi: 10.2169/internalmedicine.56.7322 

 27. Taylor, GW, and Borgnakke, WS. Periodontal disease: associations with diabetes, glycemic control and complications. Oral Dis. (2008) 14:191–203. doi: 10.1111/j.1601-0825.2008.01442.x

 28. Hajishengallis, G. Periodontitis: from microbial immune subversion to systemic inflammation. Nat Rev Immunol. (2015) 15:30–44. doi: 10.1038/nri3785 

 29. Bale, BF, Doneen, AL, and Vigerust, DJ. High-risk periodontal pathogens contribute to the pathogenesis of atherosclerosis. Postgrad Med J. (2017) 93:215–20. doi: 10.1136/postgradmedj-2016-134279 

 30. Chen, WA, Fletcher, HM, Gheorghe, J, Oyoyo, U, and Boskovic, DS. Platelet plug formation in whole blood is enhanced in the presence of Porphyromonas gingivalis. Mol Oral Microbiol. 35:251–9. doi: 10.1111/omi.12314

 31. Jockel-Schneider, Y, Kobsar, A, Stellzig-Eisenhauer, A, Vogel, U, Störk, S, Frantz, S , et al. Wild-type isolates of Porphyromonas gingivalis derived from periodontitis patients display major variability in platelet activation. J Clin Periodontol. (2018) 45:693–700. doi: 10.1111/jcpe.12895 

 32. Li, X, Kolltveit, KM, Tronstad, L, and Olsen, I. Systemic diseases caused by Oral infection. Clin Microbiol Rev. (2000) 13:547–58. doi: 10.1128/CMR.13.4.547

 33. Pan American Health Organization. Diabetes Disease Burden. Washington, D. C.: World Health Organization.

 34. Simpson, TC, Weldon, JC, Worthington, HV, Needleman, I, Wild, SH, Moles, DR , et al. Treatment of periodontal disease for glycaemic control in people with diabetes mellitus. Cochrane Database Syst Rev. (2015) 2018. doi: 10.1002/14651858.CD004714.pub3

 35. Davis, S, Wei, W, and Garg, S. Clinical impact of initiating insulin glargine therapy with disposable pen versus vial in patients with type 2 diabetes mellitus in a managed care setting. Endocrine Pract. (2011) 17:845–52. doi: 10.4158/EP10401.OR 

 36. D’Aiuto, F, Gkranias, N, Bhowruth, D, Khan, T, Orlandi, M, Suvan, J , et al. Systemic effects of periodontitis treatment in patients with type 2 diabetes: a 12 month, single-Centre, investigator-masked, randomised trial. Lancet Diabetes Endocrinol. (2018) 6:954–65. doi: 10.1016/S2213-8587(18)30038-X 

 37. Qureshi, A, Bokhari, SAH, Haque, Z, Baloch, AA, and Zaheer, S. Clinical efficacy of scaling and root planing with and without metronidazole on glycemic control: three-arm randomized controlled trial. BMC Oral Health. (2021) 21:253. doi: 10.1186/s12903-021-01620-1 

 38. Simpson, TC, Clarkson, JE, Worthington, HV, MacDonald, L, Weldon, JC, Needleman, I , et al. Treatment of periodontitis for glycaemic control in people with diabetes mellitus. Cochrane Database Syst Rev. (2022) 2022. doi: 10.1002/14651858.CD004714.pub4

 39. Oliveira, VB, Costa, FWG, Haas, AN, Júnior, RMM, and Rêgo, RO. Effect of subgingival periodontal therapy on glycaemic control in type 2 diabetes patients: Meta-analysis and meta-regression of 6-month follow-up randomized clinical trials. J Clin Periodontol. (2023) 50:1123–37. doi: 10.1111/jcpe.13830 

 40. Ridker, PM, Everett, BM, Thuren, T, MacFadyen, JG, Chang, WH, Ballantyne, C , et al. Antiinflammatory therapy with Canakinumab for atherosclerotic disease. N Engl J Med. (2017) 377:1119–31. doi: 10.1056/NEJMoa1707914

 41. Shultis, WA, Weil, EJ, Looker, HC, Curtis, JM, Shlossman, M, Genco, RJ , et al. Effect of periodontitis on overt nephropathy and end-stage renal disease in type 2 diabetes. Diabetes Care. (2007) 30:306–11. doi: 10.2337/dc06-1184 

 42. Lee, CF, Lin, CL, Lin, MC, Lin, SY, Sung, FC, and Kao, CH. Surgical treatment for patients with periodontal disease reduces risk of end-stage renal disease: a Nationwide population-based retrospective cohort study. J Periodontol. (2014) 85:50–6. doi: 10.1902/jop.2013.130015 

 43. Papapanou, PN, Sanz, M, Buduneli, N, Dietrich, T, Feres, M, Fine, DH , et al. Periodontitis: consensus report of workgroup 2 of the 2017 world workshop on the classification of periodontal and Peri-implant diseases and conditions. J Periodontol. (2018) 89:S173–82. doi: 10.1002/JPER.17-0721

 44. Strauss, SM, Russell, S, Wheeler, A, Norman, R, Borrell, LN, and Rindskopf, D. The dental office visit as a potential opportunity for diabetes screening: an analysis using NHANES 2003-2004 data. J Public Health Dent. (2010) 70:156–62. doi: 10.1111/j.1752-7325.2009.00157.x 

 45. Albert, DA, Ward, A, Allweiss, P, Graves, DT, Knowler, WC, Kunzel, C , et al. Diabetes and oral disease: implications for health professionals. Ann N Y Acad Sci. (2012) 1255:1–15. doi: 10.1111/j.1749-6632.2011.06460.x

 46. Martelli, FS, Fanti, E, Rosati, C, Martelli, M, Bacci, G, Martelli, ML , et al. Long-term efficacy of microbiology-driven periodontal laser-assisted therapy. Eur J Clin Microbiol Infect Dis. (2016) 35:423–31. doi: 10.1007/s10096-015-2555-y 

 47. Hajishengallis, G. The inflammophilic character of the periodontitis-associated microbiota. Mol Oral Microbiol. (2014) 29:248–57. doi: 10.1111/omi.12065 

 48. Bossart, M, Calley, K, Gurenlian, JR, Mason, B, Ferguson, R, and Peterson, T. A pilot study of an HbA1c chairside screening protocol for diabetes in patients with chronic periodontitis: the dental hygienist’s role. Int J Dent Hyg. (2016) 14:98–107. doi: 10.1111/idh.12140 

 49. Ziebolz, D, Bauwe, I, Schmidt, J, Kottmann, T, Rinke, S, and Schmalz, G. Diabetes screening in dental practice using the find-risk questionnaire-a practice-based pilot study. Oral Health Prev Dent. (2019) 17:147–56. doi: 10.3290/j.ohpd.a42370 

 50. Peres, MA, Macpherson, D, Weyant, RJ, Daly, B, Venturelli, R, Mathur, MR , et al. Oral diseases: a global public health challenge. Lancet. (2019) 394:249–60. doi: 10.1016/S0140-6736(19)31146-8

 51. Volaco, A, Cavalcanti, AM, Pecoits Filho, R, and Bertolim, PD. Socioeconomic status: the missing link between obesity and diabetes mellitus? Bentham Sci. (2018) 14:321–6. doi: 10.2174/1573399813666170621123227

 52. Boillot, A, Halabi, B, da Batty, G, Rangé, H, Czernichow, S, and Bouchard, P. Education as a predictor of chronic periodontitis: a systematic review with Meta-analysis population-based studies. PLoS One. (2011) 6:e21508. doi: 10.1371/journal.pone.0021508 

 53. Scholarworks@cwu, S, and Johnson, JL. Who’s Included? A Systematic Review of Socio-demographics and Participant Recruitment within the Investigation of Periodontal Disease and its Treatment Effect on Hemoglobin A1c [Internet]. Community Health and Preventive Medicine Commons. Other Public Health Commons; Available at: https://digitalcommons.cwu.edu/etd/1726

 54. Borgeat Meza, M, Espinoza, I, Carvajal, P, and Cuevas, R. Changes in oral health inequalities in adults in Chile. Community Dent Oral Epidemiol. (2022) 50:506–12. doi: 10.1111/cdoe.12701 

 55. Baeza, M, Jara, G, Morales, A, Polanco, J, Sáenz, G, Espinoza, I , et al. Las Políticas de Salud Oral en el contexto de las enfermedades no transmisibles: Un desafío pendiente en Chile. Int J Interdiscipl Dentistry. (2021) 14:28–31. doi: 10.4067/S2452-55882021000100028

 56. Morales, A, Corral-Nuñez, C, Galaz, C, Henríquez, L, Mery, M, Mesa, C , et al. Impact of COVID-19 pandemic on quality of life of type II diabetes patients with periodontitis. Front Oral Health. (2021):2. doi: 10.3389/froh.2021.682219



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Diabetes, periodontitis, and cardiovascular disease: towards equity in diabetes care



		Introduction



		Inequality and neglect in oral health care: uncovering disparities and urging action



		Impact of periodontitis on diabetes and cardiovascular risk



		Improving periodontitis management and metabolic control in individuals with diabetes



		Periodontal treatment: a catalyst for inflammation control



		Critical considerations for public health policy: integrating periodontal treatment into diabetes management



		Inequalities in periodontal treatment and diabetes









		Discussion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-11-1270557-g001.jpg
i 1. PERIODONTITIS
I
1
1
i
1
4

2 CHRONIC NON-RESOLVING AND DESTRUCTIVE
INFLAMMATORY RESPONSE SR EL
T DIABETES MELLITUS
1.1, MICROBIAL DYSBIOSIS ; ;

PLgingialis ifim Pt ~
— T & ymorphonucieer. 2 %
F 2 inhibition’

2. Imbelance
Thi7/Th reg

522 smooth muscle cells
| sinihetic phenotype |

53, iched

Bt
AT ) TR

1 11, cancer A P50 55 Platckets aggregationacivation. |3

ulmonary, gastric,
pancroaty, Ssophageal






OPS/images/fpubh-11-1270557-t001.jpg
Medical assessment of diabetes to screen PD

Immediate referral to Recommend professional
dentist oral examination

Prior diagnosis of D Annual periodontal

with no or poor follow-  check-up for all persons
up of care. with newly diagnosed

diabetes mellitus,

especially smokers.

Signs or symptoms of | Common oral problems in
PD: patients with diabetes:
+ Bleeding gums during | + Dry mouth

brushingoreating. |+ Burning mouth

Loose teeth

Poor healing of

+ Spacingor separation | oral wounds
of the teeth + Candida infections
+ Bad oral odor and/or
bad taste

Abscesses in the gums

or gingival discharge.
Dental assessment of patients with PD to screen T2DM

Immediate referralto  Recommend testing for
physician prediabetes and T2DM

Prior diagnosis of TXDM | Overweight or obese

with little or no follow-  adults with one or more
up care. Ask about blood | risk factors:
glucose and HbAle

levels.

In the presence of

First-degree relative

classical syn

proms, such | with diabetes

as « History of ACVD, use
« Polydipsia of anticoagulants or
« Polyuria antiplatelet agents

« Polyphagia « Hypertension

+ Unexplained + Dyslpidemia or users

weight loss of lipid-lowering drugs

Women with polycystic

ovary syndrome

Physical inactivity

Conditions associated
with insulin resistance,

i, acanthosi

icans, skin tags, etc.

Prevention of PD

Education:
About the increased
risk of PD, and the

mportance of watching

for any signs or
symptoms of gum
disease.

Action:

Advise that successful

periodontal therapy can

mprove glycemic and
metabolic control.
Promote proper oral
hygiene, e., twice-daily
brushing fora

minimum of 2min,

inter-dental cleaning,

Prevention of T2DM

Education:
About the increased
risk of T2DM,
especially in the
presence of other risk
factors.

Action:

Referral to primary
care, diabetes
prevention program
and/or nutrition
programs available in

your country.





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Diabetes, periodontitis, and
cardiovascular disease: towards
equity in diabetes care












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
& frontiers Frontiers in Public Health






