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Abstract: Excessive sugar consumption has emerged as a significant public health concern due to its role in metabolic disorders, 

particularly diabetes mellitus, and its impact on periodontal health. Excess sugar consumption contributes to obesity, insulin resistance, 

and chronic hyperglycemia, increasing susceptibility to periodontal inflammation. Conversely, periodontitis exacerbates systemic 

inflammation, negatively affecting glycemic control and increasing diabetes-related complications. This review explores the intricate 

relationship between excessive sugar intake, diabetes mellitus, and periodontitis, emphasizing the bidirectional link between diabetes and 

periodontal disease. It also elaborates on the pathophysiological mechanisms, including impaired immune responses, altered collagen 

metabolism, and the role of advanced glycation end products (AGEs) in periodontal disease progression among diabetic individuals.  
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1. Introduction 
 

Sugar, a ubiquitous component in our daily dietary plan, 

profoundly impacts our nutrition and health. From the 

satisfying sweetness in fruits to the hidden sugars in 

processed foods, sugar's presence in our daily intake is 

undeniable. To understand its role, it's essential to explore the 

types of sugar and their effects on our bodies daily.  

 

Natural sugars occur inherently in plant-based foods, 

including fruits, vegetables, and dairy products. 

 

For example, fruits contain fructose, while milk contains 

lactose. Vital nutrients, including vitamins, minerals, Fiber, 

and antioxidants accompany these natural sugars. The Fiber 

in fruits, for example, prevents rapid spikes in blood glucose 

levels and provides sustained energy.1 

 

Conversely, sugars are incorporated into foods during food 

processing or preparation. These are regular sugar added to 

tea and coffees, Corn syrup (explicitly referring to the high-

fructose variety) found in canned beverages and packaged 

foods, and honey. Added sugars, unlike natural ones, have no 

essential nutrients and are considered "empty calories." You 

can find them in many products like sugary drinks, baked 

goods, sauces, and condiments.2 

 

The Industrial Revolution improved sugar production, 

making it a domestic good. Today, sugar is widespread in 

ultra-processed foods and beverages, enhancing taste and 

shelf life.  

 

In America, people consume 17 teaspoons, equivalent to 68 

grams of sugar, per day, while India, the leading consumer of 

sugar globally, sees an average person consuming 18 

kilograms per annum.3 

 

The American Heart Association (AHA) recommends that 

men consume less than 36 grams of sugar daily and women 

less than 25 grams daily. Simultaneously, the World Health 

Organization (WHO) recommends that free sugar intake 

make up less than 10% of daily calorie consumption.4 

 

Maintaining a balanced and healthy diet requires mindful 

sugar consumption. The World Health Organization (WHO) 

advises that added sugars (free sugars) should account for less 

than 10% of the total daily energy intake. Furthermore, 

reducing sugar intake to below 5% (approximately 25 grams 

or six teaspoons per day for an average adult) may offer 

additional health benefits, including a lower risk of obesity 

and tooth decay. 

 

Individuals consume 2,000 calories a day, equivalent to 200 

calories from added sugars, roughly estimated to be 12 

tablespoons or 50 grams.5 

 

The WHO's 2022 report highlights Southeast Asia's high 

sugar consumption as a leading factor. Excessive sugar, 

tobacco, and alcohol use are other key modifiable risks. The 

6×6 approach proposes integrating oral diseases with six non-

communicable diseases and six risk factors, including sugar 

and an unhealthy lifestyle. Severe periodontitis, affecting 

19% globally in 2019, underscores the importance of 

addressing lifestyle choices to improve both oral and overall 

health.6 

 

When consumed, sugar is broken down into glucose, i.e., the 

primary fuel for our body's cells. This glucose is absorbed into 

the bloodstream, triggering the release of insulin, a hormone 

that facilitates glucose uptake by the cells. While this process 

is crucial for energy production, excessive sugar intake can 

overwhelm the body's regulatory mechanisms.7 

 

Excessive intake of these sugars can result in several serious 

health problems. Firstly, it can contribute to weight gain and 

obesity, as these sugars add extra calories without promoting 

satiation. Secondly, the constant spikes and reduction in blood 

sugar levels can ultimately make the patient more susceptible 

to resistance to insulin and Diabetes Mellitus (type-2). 

Additionally, excessive sugar consumption is also related to 

heart disease, as it can lead to increased triglyceride levels, 

inflammation, and high blood pressure.8 Excessive sugar 

consumption is also linked to inflammation, an imbalance in 

gut bacteria, metabolic disorders, and long-term health 

conditions.9 

 

This review aims to strengthen the understanding of the 

association between excessive sugar consumption and 

periodontal inflammation, emphasizing its significance in the 

prevention and management of periodontitis, a global public 
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health concern. Additionally, it explores the interrelationship 

between periodontitis and diabetes mellitus. 
 

 
Figure 1: Overview of diabetes mellitus showing normal 

glucose metabolism, type 1 diabetes, type 2 diabetes, and 

major etiological factors. 

 

Effects of Diabetes Mellitus on Periodontium: 

Diabetes mellitus (DM) comprises a wide range of metabolic 

disorders, with chronic hyperglycemia being the key 

characteristic. The etiology of DM involves either the 

destruction of β-cells, which causes insulin deficiency (type 1 

diabetes), or a progressive reduction in β-cell insulin secretion 

against insulin resistance (type 2 diabetes).10International 

Diabetes Federation (IDF) states that the global DM 

prevalence reached up to 529 million in 2021, with an age-

standardized prevalence of 6.1%, with projections indicating 

an increase to 1.31 billion by 2050.11 

 

Periodontal diseases (PD), affecting the periodontium, are 

prevalent, impacting 20%-50% of the global population in 

both developed and developing nations. The Global Burden 

of Disease Study (2016) ranks severe PD as one of the 11th 

most prevalent conditions worldwide. The high occurrence of 

PD in various other groups according to age highlights its 

importance as a public health concern. Growing evidence 

suggests a strong link between periodontal diseases and 

various systemic conditions, including diabetes, 

cardiovascular disease, and adverse pregnancy outcomes. 

Both diabetes and periodontal disease are chronic 

inflammatory conditions that share common risk factors and 

exacerbate each other, with periodontitis recognized as the 

sixth complication of diabetes.12 

 
Figure 2: Bidirectional relationship between diabetes 

mellitus and periodontitis, highlighting mutual influence on 

disease progression and systemic complications. 

 

The connection between Diabetes mellitus and PD is 

multifactorial, with significant evidence indicating that 

diabetes increases susceptibility to periodontal diseases. 

Conversely, PD can adversely affect glycemic control, 

creating a vicious cycle between the two conditions. This 

interplay can be attributed to impaired wound healing, 

microvascular complications, and an altered host immune 

response in diabetic individuals. Glycemic control is a critical 

factor in influencing the severity of periodontal disease in 

diabetic patients, with well-regulated diabetes contributing to 

improved periodontal health outcomes.13 

 

Despite the recognized association between diabetes and PD, 

the exact mechanism by which diabetes increases the risk of 

severe periodontitis remains unclear. However, diabetic 

individuals exhibit specific pathological alterations. A key 

issue is the thickening of the basement membrane in small 

blood vessels, primarily due to the non-enzymatic 

glycosylation of proteins and the buildup of deposits within 

the vessel walls and on their inner surfaces. These changes 

can lead to a narrowing of the blood vessel lumen, potentially 

impairing nutrient and oxygen transport, which may 

contribute to periodontal disease progression.14 

 

Type I collagen is the main extracellular matrix component 

present in gingival tissue, the periodontal ligament, and 

alveolar bone. Metabolic disturbances caused by diabetes 

mellitus have been linked to disruptions in collagen turnover. 

Research suggests that gingival and periodontal ligament 

fibroblasts exhibit impaired metabolism under 
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hyperglycaemic conditions, leading to reduced cell division 

and growth, along with heightened collagen activity. 

Together, these diabetes-related changes in connective tissue 

metabolism may lead to delayed wound healing and greater 

severity of periodontal disease.15 

 

 Dysfunctional polymorphonuclear leukocytes (PMNs), 

essential for immune defense, have been associated with a 

heightened risk of periodontal disease. Studies in diabetic 

individuals have shown impairments in key neutrophil 

functions, including chemotaxis (movement toward infection 

sites), adherence, phagocytosis (engulfing bacteria), and 

bacterial killing. These dysfunctions suggest a weakened host 

immune response, making diabetic individuals more 

vulnerable to periodontal infections.16 

 

Several factors may contribute to altered neutrophil function 

in diabetics with periodontitis. One possibility is that 

periodontal infections themselves may disrupt PMN activity. 

Additionally, bacterial lipopolysaccharides (LPS) in the 

infected periodontal tissues can interfere with the neutrophils' 

oxidative burst—an essential process for destroying harmful 

bacteria- thereby reducing their ability to eliminate 

pathogens. Furthermore, systemic lipid levels, particularly 

unsaturated fatty acids, also influence neutrophil function, 

potentially exacerbating immune dysfunction in diabetics 

with periodontitis.17 

 

Diabetes-related alterations in the periodontium may be 

influenced by specific gram-negative bacterial populations. In 

diabetic patients, the gingival crevicular fluid contains 

elevated levels of glucose and urea, which can create a 

favorable environment for changes in the composition of 

subgingival microbial flora, potentially contributing to 

periodontal disease progression.18 

 

Both type 1 and type 2 diabetes significantly increase an 

individual's risk of developing severe periodontitis. Evidence 

from cross-sectional, case-control, and longitudinal studies 

consistently supports diabetes as a major risk factor for 

periodontal disease, highlighting the strong association 

between metabolic dysregulation and periodontal health 

deterioration.19 

 

Păunică I (2023) examines the bidirectional interrelationship 

between periodontal disease and DM. It highlights how 

diabetes increases the prevalence, extent, and progression of 

periodontal disease, while periodontitis adversely affects 

glycemic control by promoting systemic inflammation and 

insulin resistance and leading to progression toward 

diabetes.20 

 

 
Figure 3: Proposed pathogenic mechanisms linking diabetes mellitus and periodontitis, including hyperglycemia, dysbiosis, 

immune dysregulation, oxidative stress, AGE formation, and alveolar bone loss. 

 

According to Graves DT (2020), diabetes intensifies 

inflammatory responses in periodontal tissues, hinders new 

bone formation, and increases RANKL (Receptor Activator 

of Nuclear Factor-kB Ligand) expression in response to 

bacterial challenges. Elevated glucose levels, reactive oxygen 

species, and advanced glycation end-products in the 

periodontium of diabetic individuals contribute to heightened 

activation of nuclear factor-kappa B, leading to the release of 

inflammatory cytokines such as TNF (Tumour Necrosis 

Factor) and IL-1(Interleukin-1).21 

 

Diabetes disrupts the function of essential immune cells, 

including neutrophils, monocytes, and macrophages. 

Neutrophil functions such as adherence, chemotaxis, and 

phagocytosis are often compromised, diminishing their 

ability to clear bacteria from the periodontal pocket, which 

may accelerate periodontal breakdown. While neutrophil 

function is typically compromised in diabetes, monocytes and 

macrophages may become hyperactive in response to 

bacterial antigens. This highlights that the activity leads to an 

excessive release of proinflammatory mediators and 

cytokines, further exacerbating inflammation and tissue 

damage in the periodontium.22 

 

A hyperglycaemic state negatively impacts bone health by 

inhibiting osteoblast proliferation and collagen production, 

leading to decreased bone formation and weakened 

mechanical properties of newly formed bone. The impaired 

balance between cell proliferation, differentiation, and 

increased cell death contributes to a higher risk of periodontal 
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attachment loss in diabetic patients. 23 This susceptibility is 

largely due to deficiencies in connective tissue formation, 

which fail to keep pace with tissue degradation and 

remodeling, ultimately compromising the stability of the 

periodontal attachment apparatus23. Elevated plasma glucose 

levels in diabetic individuals are reflected in increased 

glucose concentrations within the gingival crevicular fluid. 

Since the periodontal pocket is a site of ongoing bacterial 

challenges, an effective wound-healing response is essential 

for maintaining tissue integrity24. However, high glucose 

levels in the gingival crevicular fluid may directly impair 

fibroblast function by inhibiting their attachment and 

spreading- both of which are crucial for wound healing and 

tissue regeneration- ultimately compromising periodontal 

repair and maintenance. 

 

In individuals with persistent hyperglycemia, proteins 

undergo irreversible glycation, leading to the formation of 

Advanced Glycation End Products (AGEs). These stable, 

carbohydrate-containing compounds play a crucial role in 

disrupting cell-to-cell and cell-to-matrix interactions and are 

widely recognized as a key contributor to various diabetic 

complications. In periodontal tissues, AGEs accumulate at 

significantly higher levels in diabetic patients compared to 

non-diabetic individuals.25 They primarily target collagen, 

increasing cross-linking and resulting in the formation of 

rigid, structurally stable collagen macromolecules. Due to 

their resistance to enzymatic breakdown and normal tissue 

turnover, these molecules gradually build up, contributing to 

impaired tissue function and delayed healing. 

 

AGE-collagen levels have been well correlated with the 

duration of diabetes, diabetic complications, and glycemic 

control. Moreover, better glycemic control has been 

associated with a decrease in AGE-collagen formation. AGE-

modified bone collagen can influence cellular activity, 

structural integrity, and overall function, ultimately affecting 

bone metabolism. Changes in glycation levels within bone 

collagen appear to disrupt bone turnover, leading to reduced 

bone formation when AGE accumulation is elevated.25 This 

impact has been linked to impaired osteoblastic 

differentiation and alterations in extracellular matrix 

production. 

Advanced Glycation End Products (AGEs) activate a specific 

receptor known as the "Receptor for AGEs" (RAGE), which 

is present on the surface of smooth muscle cells, endothelial 

cells, neurons, monocytes, and macrophages.26 This receptor 

is also expressed in the periodontium, with research showing 

a 50% increase in RAGE mRNA levels in the gingival tissues 

of type 2 diabetic patients compared to non-diabetic 

individuals. 
 

Hyperglycemia leads to heightened RAGE expression and 

increased AGE-RAGE interactions within the endothelium, 

which accelerates vascular permeability and promotes 

thrombus formation. In monocytes, AGE-RAGE interaction 

induces oxidative stress and activates the transcription factor 

nuclear factor-kappa B (NF-kB). This activation alters 

monocyte and macrophage behaviour27, driving the 

overproduction of pro-inflammatory cytokines such as IL-16 

and TNF-α. The excessive release of these cytokines plays a 

crucial role in sustaining chronic inflammation, contributing 

to the development of atheromatous plaques in larger blood 

vessels. 

 

Elevated oxidative stress has also been observed in the 

gingival tissues of diabetic patients, correlating with 

increased accumulation of AGEs. The interaction between 

AGEs and their receptor, RAGE, within periodontal tissues is 

believed to contribute to the significantly higher levels of IL-

1, TNF-α, and prostaglandin E2 (PGE2) 28 found in the 

gingival crevicular fluid of diabetic individuals compared to 

their non-diabetic counterparts. 

 

Additionally, diabetes disrupts the normal balance of collagen 

turnover. Newly synthesized collagen undergoes rapid 

degradation due to the increased activity of matrix 

metalloproteinases (MMPs), while AGE-modified, highly 

cross-linked collagen macromolecules accumulate in the 

tissue29. This imbalance in collagen metabolism may impair 

the wound-healing response, making the periodontium more 

susceptible to damage from chronic microbial insults. 

 

To sum up, the effects of diabetes mellitus on periodontal 

disease include: - 

• Strong association b/w poorly controlled DM & 

periodontitis. (Nascimento GG, 2018)30  

• Enlarged gingiva, sessile/pedunculated gingival polyp, 

abscess formations, periodontitis & loosened teeth. 

(Pandit et al., 2023)  

• Impaired defense mechanisms and heightened 

vulnerability to infections contribute to the progression of 

destructive periodontal disease. (Suzanne E. Geerlings, 

1999)31 

• Loe (1993) identified periodontitis as the sixth 

complication associated with diabetes.32 

 

Impact of Diabetes on Periodontal Therapy Outcomes 

In well-controlled diabetic patients, the clinical and 

microbiological response to scaling and root planing (SRP) is 

comparable to that of non-diabetic individuals, showing 

notable reductions in probing pocket depth (PPD), clinical 

attachment loss (CAL), and inflammation. However, in 

individuals with poorly controlled diabetes, persistent 

hyperglycemia negatively impacts periodontal therapy 

outcomes33 by impairing immune function, slowing collagen 

turnover, and promoting the accumulation of advanced 

glycation end products (AGEs). These changes lead to 

delayed healing, increased inflammatory responses, and a 

compromised ability to repair periodontal tissues. While some 

improvement may be observed after SRP, poor glycemic 

control often results in a rapid recurrence of deep pockets, 

greater periodontal destruction, and a heightened risk of 

disease progression. Moreover, the altered oral microbiome in 

diabetic patients fosters a more pathogenic bacterial 

environment, further aggravating periodontal breakdown. 34 

Successful long-term outcomes in periodontal therapy for 

diabetic individuals require strict glycemic control, regular 

periodontal maintenance, and a tailored treatment approach to 

prevent disease recurrence and complications. 

 

Effect of Periodontitis on Diabetes Mellitus: 

As we discussed the consequences of diabetes on 

periodontium, evidence also shows the possible mechanisms 

of periodontitis affecting the course of diabetes. 
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Saengtipbovorn et al. (2014) explored the effects of a 

comprehensive lifestyle modification and dental care 

program on elderly patients with Diabetes mellitus (type 2)35. 

 

The research involved a semi-experimental design with 66 

participants in each group receiving either comprehensive 

intervention or routine care. The intervention included 

lifestyle and oral health education, individual counseling35, 

motivational interviewing, self-regulation guides, and 

personalized oral hygiene instruction. 

 

After three months, the intervention group showed significant 

improvements in glycemic control, evidenced by lower 

HbA1c and fasting plasma glucose levels, as well as enhanced 

periodontal health, including decreases in plaque 

accumulation35, gingival inflammation, pocket depth, clinical 

attachment loss, and bleeding upon probing. 

 

The findings underscore the impact of comprehensive 

lifestyle and oral health care in managing diabetes and 

periodontal health in elderly patients. 

 

Several animal studies have strengthened the association 

between periodontitis and diabetes mellitus and confirmed 

that periodontal infection with periodontal pathogens triggers 

the development of insulin resistance. Periodontitis also 

aggravates the failure of pancreatic beta-cells in diabetic 

mice36. Many human studies have also proved periodontitis is 

a risk for diabetes, but the exact mechanism is still unknown. 

Multiple clinical studies have investigated the effects of 

periodontal treatment on enhancing glycemic control in 

individuals with diabetes. 
 
Research indicates that periodontitis can worsen glycemic 

control in patients who have diabetes. The chronic 

inflammation and bacterial infection associated with 

periodontitis can trigger a systemic inflammatory response37, 

leading to elevated levels of inflammatory signaling proteins, 

such as tumor necrosis factor-alpha (TNF-α) and interleukin-

6 (IL-6). 

 

These cytokines can interfere with insulin signaling 

pathways, thereby increasing insulin resistance. As a result, 

maintaining blood sugar levels becomes more challenging for 

diabetic patients, exacerbating their condition. Apart from 

periodontal diseases, there is also an increase in circulating 

TNF-alpha levels in diabetes, including its release from 

adipose tissues and the stimulation of monocyte-macrophage 

cell lineage by age.38 

 

Furthermore, systemic inflammation triggered by 

periodontitis can contribute to insulin resistance in non-

diabetic individuals, potentially raising their likelihood of 

acquiring type 2 diabetes. This highlights the crucial role of 

maintaining periodontal health in both diabetes prevention 

and overall disease management. 

 

 
Figure 4: Integrated approach for management of oral health and diabetes mellitus through oral hygiene, dietary control, 

glycemic monitoring, exercise, drug compliance, and regular dental care. 

 

2. Conclusion 
 

In conclusion, evidence suggests that excessive sugar 

consumption is pro-inflammatory, disrupts microbial balance, 

and exhibits addictive properties. These factors promote 

overconsumption, contributing to systemic risk factors for 

periodontal inflammation. Periodontal disease progression 

can also alter the pathophysiology of Diabetes Mellitus. 

Implementing lifestyle modifications through dietary and 

nutritional interventions—specifically limiting sugar and 

ultra-processed food consumption- appears beneficial for 

periodontal health and warrants further investigation. Public 

health efforts should focus on educating people about the 

harmful impacts of consuming too much sugar and 

encouraging healthier eating habits to enhance overall well-

being. 
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