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PERIODONTITIS AND DIABETES MELLITUS: A BIDIRECTIONAL NEXUS IN CHRONIC INFLAMMATORY DISEASE 


ABSTRACT 
Diabetes mellitus, a chronic metabolic disorder characterized by impaired glucose metabolism due to insulin deficiency or resistance, is increasingly recognized for its bidirectional relationship with periodontal disease. Both Type 1 and Type 2 diabetes are associated with elevated risks of developing periodontitis, a prevalent inflammatory condition affecting the tooth-supporting structures. Poor glycemic control amplifies host immune responses, leading to heightened inflammation, altered subgingival microbiota, impaired tissue healing, and disrupted bone metabolism. Experimental and clinical studies highlight the roles of hyperglycemia, pro-inflammatory cytokines, and advanced glycation end products (AGEs) interacting with their receptor (RAGE) in exacerbating periodontal breakdown. Furthermore, periodontitis-induced systemic inflammation can worsen insulin resistance and glycemic control, forming a cyclical interaction that complicates disease management. Evidence suggests that periodontal therapy can positively influence glycemic outcomes, emphasizing the importance of integrated care. Understanding this complex interrelationship is vital for optimizing therapeutic approaches and improving outcomes in patients affected by both conditions.
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INTRODUCTION
Periodontal disease, a chronic inflammatory condition that affects the supporting structures of the teeth,[1] has been implicated as a potential focal infection that may contribute to the pathogenesis of systemic diseases. According to the foci of infection theory, the periodontal pathogens and the inflammatory mediators they produce can enter the bloodstream, thereby affecting distant organs and systems. Early 20th-century research by William Hunter first suggested that oral infections could lead to systemic health issues, an idea that has since evolved with advancements in microbiology and immunology.[2]
The development of periodontitis is characterized by a complex interaction between pathogenic bacteria and hosts immune response. Changes in the bacteria in oral cavity leads to a stronger immune response, causing the release of inflammatory substances that damage tissue.[3]
Diabetes mellitus (DM), a metabolic condition marked by persistent high blood sugar levels, is known to have a well-established bidirectional association with periodontal disease. Hyperglycemia can exacerbate periodontal inflammation, while periodontal infections can impair glycemic control.[4] High blood sugar levels in diabetes mellitus lead to the formation of advanced glycation end products (AGEs), which can enhance inflammation and worsen the damage to periodontal tissues. The chronic inflammatory burden from periodontal disease may also contribute to insulin resistance, further complicating diabetes management.[5]
This review aims to explore the mechanisms underlying periodontitis and its systemic inter-relationship with diabetes mellitus. By examining the bidirectional influences and shared inflammatory pathways, this provides a comprehensive understanding of how periodontal health is connected to systemic health. Through this exploration, the review will underscore the importance of interdisciplinary approaches and preventing its systemic consequences.
DIABETES MELLITUS
Diabetes mellitus refers to a group of enduring metabolic disorders marked by irregularities in glucose metabolism, which arise from deficiencies in either the production or efficacy of insulin.[6] It is estimated that there are 382 million individuals worldwide, representing 8.3% of the global population, who are affected by diabetes mellitus, with 175 million of these cases yet to be diagnosed. An additional 316 million individuals are at risk of developing impaired glucose tolerance (IGT). By the year 2035, projections indicate a 55% rise in the worldwide population of individuals with diabetes, amounting to 592 million people. Furthermore, an estimated 471 million individuals are expected to have impaired glucose tolerance (IGT), bringing the overall total to 1 billion.[7]  	
The two major types of diabetes mellitus are- 
i. Type 1 
ii. Type 2 diabetes mellitus.[8] 
The underlying mechanism of type 1 diabetes involves the destruction of pancreatic beta cells, resulting in insufficient insulin production. Typically, this condition arises from autoimmune-mediated inflammation that triggers beta cell apoptosis and subsequent destruction.[9] 
Approximately 90% of individuals diagnosed with diabetes have Type 2 diabetes, a condition closely associated with an accumulation of visceral fat. It arises due to a mix of insulin resistance and insufficient insulin production needed to counteract this resistance.[10] 
Diabetes has long-standing effects that include atherosclerosis, periodontitis, neuropathy, nephropathy, angiopathy, and other diabetic complications such as impaired wound healing.[11] 
 	It is estimated that up to 90% of the global population may be affected by periodontal disease.[1] The bacterial biofilm, commonly referred to as dental plaque, develops on the surfaces of teeth and serves as a persistent source of infection, resulting in a localized inflammatory reaction within the gingival tissues.
Gingivitis, an initial inflammatory condition, is completely reversible and resolves when the biofilm is effectively disrupted, a process that can be achieved through diligent and consistent dental hygiene practices. On the other hand, prolonged accumulation of plaque in the dentogingival niche causes the biofilm to become more mature and enriched, as well as persistent inflammation and permanent loss of the tooth supporting structures.[6] 
Type 2 diabetes causes insulin resistance at receptor and post-receptor levels
Type 1 diabetes destroys β- cells


Figure 1: Pathogenesis of diabetes mellitus
ORAL MANIFESTATION OF DIABETES MELLITUS

Chronic hyperglycemia may result in various complications throughout the body, including those affecting the oral cavity, underscoring the necessity for rigorous blood glucose control. Oral complications in individuals with diabetes can arise from several factors, such as compromised neutrophil function, elevated collagenase activity, diminished collagen synthesis, microvascular damage, and neuropathy. Common symptoms may encompass dry mouth, tooth decay, gum disease, oral infections (including candidiasis), burning mouth syndrome, alterations in taste, changes in oral mucosa, and prolonged wound healing.[12]
Figure 2: Oral manifestation of Diabetes mellitus

DIABETES MELLITUS AS A CONTRIBUTING FACTOR FOR PERIODONTAL DISEASE
Studies since the 1960s have shown an association between diabetes mellitus and destructive periodontal diseases.[13] Diabetes mellitus significantly increases the risk, severity, and progression of periodontitis. Diabetic individuals are nearly three times more prone to the disease, with Pima Indians showing a notably higher incidence in type 2 diabetes cases.[14] The phrase "sixth complication of diabetes" was employed on occasion to describe periodontitis in the early 1990s[4] and the American Dental Association stated in 2003 that diabetic patients frequently had periodontal disease.[15] 

INFLUENCE OF GLYCAEMIC CONTROL ON PERIODONTIUM
Hyperinflammatory Response to Infection
While earlier studies suggested that diabetes mellitus alters subgingival microbial profiles or antibody responses, more recent evidence indicates that individuals with both diabetes and periodontitis do not face a unique bacterial challenge compared to non-diabetic counterparts. [16] Instead, a heightened inflammatory response plays a critical role. People with diabetes often exhibit a hyperinflammatory monocytic phenotype, with elevated pro-inflammatory mediators found in gingival crevicular fluid or LPS-stimulated cultures. [17] Neutrophils in diabetic individuals whether moderately or poorly controlled show priming and enhanced protein kinase C activity, correlating with worse periodontal outcomes and poorer glycemic control. [18]
Using an experimental gingivitis model, where subjects paused oral hygiene for three weeks followed by two weeks of plaque control, researchers found that diabetic individuals developed more severe inflammation than non-diabetics, despite similar bacterial loads. [19] In diabetic mouse models, Porphyromonas gingivalis infection resulted in increased cytokine production and inflammatory cell infiltration. Reductions in lesion size and chemokine levels following TNF blockade suggest that altered cytokine regulation in diabetes prolongs inflammation. [20]


Uncoupling of Bone Destruction and Repair
Animal and human studies reveal that diabetes impairs collagen production in periodontal tissues, disrupting collagen balance and contributing to periodontitis progression.[21,22] Hyperglycemia influences bone metabolism by shifting the RANKL/osteoprotegerin ratio, promoting osteoclast activity and bone loss. [23] In diabetic models, P. gingivalis infection led to increased apoptosis of bone-lining cells, hindering bone repair.
Studies using the calvarial bone damage model suggest that P. gingivalis infection can increase bone-lining cell death in individuals with diabetes, hindering bone regeneration and promoting periodontitis-related bone loss. [24] A more relevant model ligature-induced alveolar bone loss in rats was later used to better examine the cycle of bone destruction and repair. [25]
Further, in ligature-induced periodontitis models, diabetic rats demonstrated delayed bone healing and increased apoptosis, driven by elevated caspase 3 levels. Inhibition of TNF or caspase pathways improved healing outcomes, indicating a potential therapeutic route. [26]

Role of RAGE in Periodontal Inflammation
The Receptor for Advanced Glycation End Products (RAGE), part of the immunoglobulin superfamily, is key in amplifying inflammatory responses in diabetic individuals. High AGE levels and increased RAGE expression in periodontal tissues correlate with more severe disease. [27]  In diabetic mice, P. gingivalis infection intensified bone loss through elevated RAGE, AGEs, and MMPs. [28]
Treatment with soluble RAGE, which inhibits RAGE-ligand binding, reduced inflammation, MMP activity, and bone loss in diabetic models.[29] The AGE-RAGE interaction also promotes bone resorption by increasing RANKL and reducing osteoprotegerin expression.[30] Notably, RAGE inhibition improved periodontal healing independent of glycemic control, highlighting its potential as a therapeutic target. Reduced MMP levels and faster wound closure were also observed with RAGE blockade. [31,32]


FACTORS INFLUENCING THE EFFECT OF GLYCAEMIC STATUS ON PERIODONTIUM
a.  Microbial factors
Elevated HbA1c levels in diabetes are linked to periodontal pathogens like P. gingivalis, worsening glycemic control and insulin resistance.[33] Periodontal infections may impair glucose metabolism, while poor glycemic control alters subgingival microbiota and promotes inflammation.[34,35]
The diabetes-periodontitis relationship is bidirectional, driven by microbial activity. LPS from periodontal bacteria triggers inflammation, while hyperglycemia promotes dysbiosis.[34]
Studies also show increased Candida albicans in diabetic individuals with periodontitis, correlating with disease severity. Though genus-level microbial profiles may be similar, pathogenicity differs between diabetes and periodontitis. [36,37]
b.  Inflammatory cytokines
Bacterial-induced inflammation in periodontal tissues triggers the overproduction of inflammatory cytokines, leading to the destruction of alveolar bone and connective tissue. In diabetic individuals with periodontitis, gingival crevicular fluid contains elevated levels of these cytokines, accelerating periodontal breakdown.[38] Gram-negative pathogens produce endotoxins that heighten cytokine levels, negatively affecting glycemic control, insulin sensitivity, and glucolipid metabolism.[39,40]
Red complex organisms like P. gingivalis stimulate TNF-α release, which enhances MMP and PGE2 production. This promotes osteoclast activation, bone resorption, inhibits osteoblast differentiation, and induces apoptosis, impairing tissue regeneration.[41] Elevated TNF-α levels contribute to higher HbA1c, pancreatic cell apoptosis, and insulin resistance.[42] In hyperglycemic conditions, LPS-induced IL-1β and IL-6 levels are increased. Diabetics with elevated IL-1β, sIL-6R, and HbA1c show more severe periodontitis, linking diabetes to periodontal inflammation.[43] IL-1β further amplifies IL-6 and sIL-6R, boosting MMP-1 and VEGF, accelerating tissue destruction.[41]
IL-6 contributes to bone resorption, with high glucose enhancing its LPS-induced production, altering RANKL expression and fostering osteoclastogenesis. IL-6 is also associated with insulin resistance and hyperglycemia in inflammatory settings.[44] IL-17 exacerbates periodontitis and diabetes by stimulating neutrophil activity and synergizing with IL-1β, MMPs, and PGE2.[45]
Other contributors to periodontal inflammation and bone loss include substance P and iNOS, which elevate the RANKL/OPG ratio, hinder osteoblast formation, and activate osteoclasts.[46]
c. Altered immune cell functions
Diabetes worsens periodontal inflammation by impairing immune responses, while periodontitis promotes inflammation through bacterial stimulation. This bidirectional link is largely driven by altered neutrophil (PMN) and macrophage activity.[47] In diabetes, PMNs show reduced function and increased release of MMPs and ROS, leading to severe tissue damage.[46,47] An imbalance in M1/M2 macrophage ratios furthers bone loss.[48] Targeting macrophage polarization may help control diabetes-aggravated periodontal inflammation and prevent bone destruction.[49] 

d.  Glycation end-products (AGEs) and their receptors (RAGEs) in high glucose environment
Diabetes-related periodontitis patients have irreversible glycation responses in vivo due to hyperglycemia, which makes periodontal tissue more susceptible to oxidation and exacerbates damage.[50] By binding to RAGE and causing the production of ROS and MMP by mitochondria, AGEs exacerbate the breakdown of periodontal bone tissue, trigger cell apoptosis, decrease islet function, and worsen the onset of diabetes.[51] This illustrates the intricacy of the process that underlies the reciprocal association between diabetes and periodontitis, which is facilitated by sophisticated glycosylation products and their receptors.

e.  Metabolic factors
The bidirectional link between diabetes and periodontitis emphasizes the importance of balanced glucose-lipid and bone metabolism. Diabetes disrupts alveolar bone metabolism, increasing osteoporosis risk, reducing bone formation, and raising the likelihood and severity of periodontal tissue damage.[52]
 Hyperglycemia-driven periodontitis leads to more severe alveolar bone destruction than periodontitis alone. Elevated glucose levels promote bone-related factors, inhibit anti-inflammatory mediators, intensify periodontal inflammation, enhance bone resorption, and stimulate osteoclast activity while suppressing osteoblast function.[53] Poor glycemic control in diabetics is associated with higher levels of FFAs, LDL, TG, and TC, correlating with periodontitis severity.[54] 
Type 2 diabetes mellitus (T2DM) contributes to periodontal breakdown by impairing glucolipid metabolism, where disrupted insulin signaling or β-cell dysfunction alters lipid-related protein expression and inflammatory responses, further exacerbating insulin resistance and disease progression.[55]
[image: ]Figure 3: PERIODONTAL MANIFESTATIONS AND BIDIRECTIONAL PROMOTION OF PERIODONTITIS AND DIABETES MELLITUS 


EFFECT OF PERIODONTITIS ON GLYCAEMIC LEVEL
The bidirectional relationship between diabetes and periodontitis has garnered growing attention.[5] Diabetes not only raises the risk of periodontitis but periodontitis can, in turn, impair glycemic control. A pivotal study in the Gila River Indian population showed that individuals with severe periodontitis had significantly poorer glycemic control (HbA1c > 9.0%) over two years.[56] This mirrors the insulin resistance seen in obesity-related diabetes.[57]
Systemic inflammation from periodontitis disrupts metabolic regulation, increasing insulin resistance and exacerbating diabetic complications. Periodontal infections elevate proinflammatory cytokines, as seen in Zucker fatty rats with impaired glucose metabolism due to periodontitis.[58]
In humans with type 2 diabetes, a dose-dependent rise in plasma TNF levels correlates with the severity of periodontitis, suggesting worsened insulin sensitivity.[59]
Evidence also shows that periodontal therapy can reduce systemic inflammation, even in non-diabetic individuals, implying a role in diabetes management.[60] Studies on type 2 diabetics found that periodontal treatment reduced TNF levels and improved HbA1c.[61] In type 1 diabetics, such treatment lowered CRP, E-selectin, and TNF from macrophages.[62]
A South African study of 128 participants revealed that microbial shifts in dental plaque correlated with periodontal disease progression and glycemic variation.[63] Cross-sectional data confirm that those with periodontitis, especially severe cases, are more likely to have elevated blood glucose or HbA1c. Notably, P. gingivalis is frequently implicated.[64]
Among 37 diabetic individuals, 27.03% tested positive for P. gingivalis, regardless of periodontal status. Poorly controlled diabetes was linked with increased bleeding on probing and decreased clinical attachment.[65] 
Diabetic periodontitis patients showed higher levels of Neisseriaceae and Leptotrichiaceae, with a decline in Streptococcaceae, Veillonellaceae, and Pasteurellaceae, while Porphyromonadaceae increased in both diabetic and non-diabetic groups.[66]
Periodontitis severity correlates with systemic diabetic complications, including retinopathy, neuropathy, and cardiovascular issues. In the Gila River Indian Community, individuals with moderate to severe periodontitis had markedly higher mortality from diabetic nephropathy and ischemic heart disease, along with elevated risks of ESRD and macroalbuminuria.[67]
Overall, those with diabetes and severe periodontitis are at a threefold increased risk of cardiorenal mortality.[68] Therefore, recognizing the complex interplay between diabetes and periodontitis is essential for comprehensive patient education, prevention, and management strategies.



















LITERATURE EVIDENCE ON BIDIRECTIONAL RELATIONSHIP OF DIABETES MELLITUS AND PERIODONTITIS
Table 1: Bidirectional relationship of Diabetes mellitus and Periodontitis

	AUTHOR/YEAR
	TYPE OF STUDY
	CONCLUSION

	Chavarry et al (2009)[69]
	Meta analysis
	Greater risk of periodontal disease progression was associated with type 2 Diabetic mellitus

	Teeuw et al (2010)[70]
	Systematic review and meta-analysis
	Periodontal treatment leads to an improvement of glycaemic control in type 2 diabetic patients for at least 3 months

	Lalla et al (2011)[6]
	Systematic review 
	Periodontal therapy in individuals with diabetes mellitus can result in a modest improvement of glycaemic control

	Engebretson et al (2013)[71]
	Systematic review and meta-analysis
	The modest reduction in HbA1c observed as a result of periodontal therapy in subjects with type 2 diabetes is consistent

	Corbella et al (2013)[72]
	Systematic review and meta-analysis
	Non-surgical periodontal treatment improves metabolic control in patients with both periodontitis and diabetes

	Abariga et al (2016)[73]
	Systematic review and meta-analysis
	Periodontitis is associated with a statistically significant increased risk for GDM compared to women without periodontitis

	Hasuike et al (2017)[74]
	Systematic review
	There is a significant effect of periodontal treatment on improvement of HbA1c in diabetes patients

	Baeza et al (2020)[75]
	Systematic review and meta-analysis
	SRP has an impact on metabolic control and reduction of systemic inflammation of patients with T2D.

	Stohr et al (2021)[76]
	Systematic review and meta-analysis
	The findings show a positive bidirectional association between periodontal disease and diabetes mellitus

	Paunica et al (2023)[77]
	Systematic review
	Diabetes mellitus has a detrimental effect on periodontal disease, increasing its prevalence, extent, and severity. In turn, periodontitis negatively affects glycaemic control and the course of diabetes.
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DIABETES MELLITUS


Gingivitis & Periodontitis




Tongue abnormalties


Halitosis


Dry socket


Dental caries


Bacterial & fungal infections


Delayed wound healing


Salivary dysfunction


Taste impairment


Burning mouth syndrome



Food consumption


Insulin binds to target cell receptors and allow entry of glucose into the cell (used for cellular energy)


Decreased blood glucose levels


Secretion of insulin from β- cells in the pancreas


Breakdown of carbohydrates in gastrointestinal tract and absorption of simple sugars into the bloodstream


Increased blood glucose levels
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