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ABSTRACT: In type 2 diabetes, there is a general alteration of inflammatory 

cytokines, suggesting an important role for increased inflammation in the disease's 

pathophysiology. Diabetes diagnosis primarily relies on various laboratory tests, with 

glycated hemoglobin (HbA1c) serving as the gold standard. Currently, researchers 

have explored alternative sources for valuable diagnostic elements, and saliva has 

emerged as a promising option. Saliva is a cost-effective, bioavailable, non-invasive, 

and rapid resource that could serve as a reservoir of useful biomarkers for the 

diagnosis, prognosis, and prediction of type 2 diabetes mellitus. This fluid has been 

extensively studied in periodontology, where markers of tissue inflammation 

including osteocalcin, prostaglandin E2 (PGE2), interleukins (IL-1, IL-6, IL-8, IL-11, 

IL-1), and tumor necrosis factor (TNF) have been identified. However, the potential 

relationship between salivary biomarkers and type 2 diabetes mellitus has not yet 

received comprehensive attention in the literature (1,2). 

This literature review aimed to assess salivary biomarkers studied in periodontology 

within the available literature from the past 8 years and explore their potential utility 

for diagnosing, prognosticating, or predicting complications related to type 2 

diabetes. 

Methods: A literature review was conducted across various indexed databases, 

including PubMed, Cochrane, and Medline, using articles published within the last 8 

years and of scientific significance. 

Results: In the existing literature, nine primary types of salivary biomarkers have 

been identified that could potentially serve as diagnostic, predictive, and prognostic 

indicators for type 2 diabetes. These biomarkers encompass salivary glucose, 



salivary amylase, interleukins IL-4, IL-6, IL-8, and IL-10, as well as tumor necrosis 

factor-alpha (TNF-α), C-reactive protein (CRP), and antigen 1.5 (Ag1.5). 

Conclusion: The evidence presented in this literature review suggests that there 

are salivary biomarkers shared between periodontal disease and T2DM, which could 

serve as bioavailable and minimally invasive tools for aiding in the diagnosis, 

prognosis, and prediction of diabetes-related complications. However, it is 

imperative to establish standardized protocols for sample collection and processing, 

conduct studies across diverse population groups, and mitigate biases to ensure that 

the results are more consistent and comparable. Further research is required to 

explore the expression of these biomarkers in saliva and establish comparisons with 

serum samples from individuals with periodontitis and T2DM, yielding more robust 

findings. A deeper investigation into biomarkers in periodontics could pave the way 

for precision medicine approaches, seeking personalized methods for diagnosing, 

prognosticating, and predicting treatment responses in patients. 

Keywords: saliva biomarkers, periodontitis, type 2 diabetes mellitus. 

 

Diabetes Mellitus (DM) is a disease associated with carbohydrate, fat, and protein 

metabolism alterations. In 2021, it was estimated that approximately 537 million 

people, 45% of the global population, were suffering from undiagnosed diabetes (3). 

In Colombia, during the same year, the Ministry of Health and Social Protection 

estimated that there were 1,676,885 individuals living with diabetes (4). There are 

two main forms of diabetes: type 1 diabetes (T1DM), which most commonly occurs 

in children and young adults and is caused by a lack of insulin secretion by the 

pancreas; and type 2 diabetes (T2DM), on the other hand, is a chronic metabolic 

disorder characterized by the progressive loss of β-cell function in relation to insulin 

resistance, resulting in persistent hyperglycemia. This resistance is often 

accompanied by inflammatory processes that can lead to complications, including 

blindness, kidney failure, heart attacks, strokes, lower limb amputations, and 

periodontal disease (5). 



In T2DM, inflammatory cytokines are typically altered, suggesting that increased 

inflammation plays a crucial role in the pathophysiology of the disease (6). The 

diagnosis of diabetes can be made through various laboratory tests, with glycated 

hemoglobin (HbA1c) being considered the gold standard. This test measures the 

average blood glucose level over the past two to three months. According to the 

American Diabetes Association, HbA1c levels should be maintained below 7% to 

prevent most diabetes-related complications, except for cardiovascular disease. 

Therefore, it is established that well-controlled diabetic patients typically have fasting 

blood glucose levels up to 110 mg/dL and HbA1c levels less than 7% (7). On the 

other hand, the oral glucose tolerance test (OGTT) analyzes blood glucose levels 

two hours before and two hours after consuming a sugary drink provided by the 

laboratory. This test helps assess how the body processes sugar. Finally, the 

random blood glucose test can be conducted at any time of the day when there are 

severe symptoms of diabetes (8). 

Diabetes diagnosis methods can sometimes be challenging to implement due to 

limitations such as the need to transport the patient to specific locations for sampling, 

high costs, especially if done privately, required preparations or extended periods of 

fasting, a minimum processing time of one day, and discomfort during the procedure. 

Currently, alternative approaches have been explored to gather biological samples 

useful for disease diagnosis, with one of them being saliva. 

Saliva is a low-cost, readily available, non-invasive, and rapidly obtainable fluid that 

holds potential as a source of valuable biomarkers for the diagnosis, prognosis, and 

prediction of T2DM. This has been explored primarily in the field of periodontics, 

where it is possible to identify inflammation markers in this fluid, such as osteocalcin, 

prostaglandin E2 (PGE2), interleukins IL-1, IL-6, IL-8, IL-11, IL-1, and tumor necrosis 

factor (TNF). However, this potential relationship has not been extensively 

addressed in the existing literature (1,2). 

According to the National Institute of Health (NIH), biomarkers are defined as “a 

characteristic that is objectively measured and evaluated as an indicator of normal 

biological processes, pathogenic processes, or pharmacologic responses to a 



therapeutic intervention.” (9). Various diagnostic tests use biomarkers for different 

diseases. There are different types of biomarkers, including diagnostic, predictive, 

response, and prognostic biomarkers.  

Diagnostic biomarkers are used to detect or confirm the presence of a specific 

disease or condition or to identify individuals with a particular disease subtype, 

predictive biomarkers identify individuals who are more likely to respond differently 

to a factor compared to those without the biomarker, response biomarkers help 

determine whether patients experience a favorable or unfavorable effect after 

exposure to a medical product or environmental agent, and prognostic biomarkers 

are employed to assess the likelihood of a clinical event, recurrence, or disease 

progression in individuals who already have the disease or medical condition of 

interest (10). 

Over the past decade, research on biomarkers associated with type 2 diabetes has 

seen a notable increase, particularly those found in plasma and serum. Numerous 

biomarkers have exhibited significant positive correlations with type 2 diabetes (11),  

and these parameters have been exclusively derived from blood samples. More 

recently, as saliva samples have been introduced in research, their role as potential 

indicators of type 2 diabetes risk has been substantiated. Saliva contains many 

molecular components that are detectable; nevertheless, its effectiveness and utility 

in clinical and diagnostic settings have been relatively underexplored. The objective 

of this literature review was to assess, using literature from the last eight years, the 

salivary biomarkers studied in the field of periodontics that could serve as diagnostic, 

prognostic, or predictive tools for complications related to T2DM (12). 

Saliva as a diagnostic source 

Saliva is an acidic fluid with a pH ranging from 6 to 7. It comprises water, inorganic 

and organic substances, including hormones, antibodies, proteins, enzymes, and 

cytokines, which can be valuable for diagnosing, prognosticating, or predicting 

T2DM, as outlined in Table 1. Saliva is produced by three pairs of major salivary 

glands and thousands of minor salivary glands. It possesses various components 

and essential physicochemical properties crucial for maintaining oral health. Saliva 



plays a vital role in processes such as chewing, swallowing, digestion, speech, and 

perception, and contributes to maintaining a balanced environment for protecting 

and facilitating the proper functioning of the human body and overall health (13). 

Table 1. Salivary Biomarkers Potentially Useful for Type 2 Diabetes 

 

Type Biomarker References 

Enzymes Salivary glucose, salivary 

amylase 

(14), (15) 

Cytokines or chemokines IL-4, IL-6, IL-8, IL 10, 

TNF- α 

(16), (17),(18),(19) 

Plasma protein  C-reactive protein (14), (20), (21),(22) 

Monosaccharide 1,5-Anhydroglucitol 

(1,5Ag) 

(23), (24) 

 

Saliva is a complex fluid that exists in a mixture of oral fluids, including serum, 

bacteria, bacterial products, viruses, fungi, desquamated epithelial cells, other 

cellular components, and food debris (25). Saliva can be collected with or without 

stimulation. Stimulated saliva is typically obtained through actions such as chewing 

or gustatory stimulation, which can modify the volume of saliva collected, alter the 

concentrations of certain constituents, and change the pH of the fluid. In the 

literature, two methods for saliva collection are reported: the drain method, where 

saliva drips naturally from the lower lip, and the spit method, where the individual 

actively expels saliva into a test tube (Navazesh, 1993) (25). 

Early attempts to use saliva as a diagnostic fluid faced several challenges, including 

the difficulty in detecting certain markers, high costs, lack of standardization in 

sample collection, and the complexity of sample storage and processing methods. 

These obstacles have largely been overcome thanks to comprehensive studies of 

salivary gland physiology, the development of sensitive amplification techniques like 

enzyme-linked immunosorbent assay (ELISA) and quantitative polymerase chain 



reaction (qRT-PCR), and increased education within the scientific community 

regarding proper methodologies for collecting and handling salivary samples.  

Recent advancements in oral fluid biomarker diagnostics have been driven by 

innovative molecular approaches, such as proteomics, transcriptomics, and 

genomics, as well as metagenomic analyses that have expanded our understanding 

of microbial pathogens associated with both oral and systemic diseases (14). 

However, it's important to note that saliva collection and analysis have yet to be 

standardized. Typically, unstimulated saliva is collected, subjected to centrifugation, 

and stored at -80°C, followed by analysis using ELISA or commercial enzyme 

immunoassays(11).  

The application of salivary diagnostics for systemic diseases received a major boost 

in 2002 as a result of a program initiated by the National Institute of Dental and 

Craniofacial Research (NIDCR), "Development and Validation Technologies for 

Saliva-Based Diagnostics"; which fostered the growth of interest in the use of saliva 

and other oral samples for the diagnosis of oral and systemic diseases depending 

on the biochemical nature of the marker, the source, the type of sample taken and 

the mechanism by which the marker enters the oral cavity (14). 

Salivary biomarkers and type 2 diabetes mellitus 

To date, the literature has identified nine primary types of salivary biomarkers that 

may serve as diagnostic, predictive, and prognostic indicators for type 2 diabetes, 

potentially helping to prevent various complications associated with this condition. 

These biomarkers include salivary glucose, salivary amylase, IL-4, IL-6, IL-8, IL-10, 

TNF-α, C-reactive protein, and 1,5 Ag. They can be categorized into subgroups 

based on their respective functions, as summarized in Table 2. 

 

Table 2. Salivary Biomarkers and Their Utility in Type 2 Diabetes 

 

BIOMARKER BIOMARKER FUNCTION 

Diagnostic Prognostic Predictive 



Salivary glucose x x  

Salivary amylase   x x 

IL-4   x 

IL-6 x x  

IL-8   x 

IL-10  x x 

TNF-α x x x 

C-reactive protein x x x 

1,5 Ag  x x 

 

Salivary glucose is found in concentrations of 0.5 - 1 mg/dL, it increases after 

consuming food and drinks or depending on the concentration of glucose in the 

blood, evidencing a positive correlation between the saliva glucose test and HbA1c 

(26)(15). Although it is relatively easy to measure salivary glucose, due to the 

multiple sources of this material in the oral cavity, salivary glucose levels do not 

correlate with blood glucose levels in some studies. However, ongoing research is 

exploring alternative approaches. In a 2006 study by Rao et al., a distinctive 

proteomic signature was observed in saliva collected from individuals with T2DM 

compared to control saliva. This analysis revealed that 65 proteins exhibited more 

than a two-fold change, many of which were associated with regulatory metabolic 

and immunological pathways. While further research is required for validation, these 

findings suggest the potential existence of a unique salivary biomarker linked to 

diabetes (14). 

On the other hand, salivary amylase plays a crucial role in initiating the hydrolysis 

of approximately 30% of the food in the mouth through acinar cells innervated by 

both sympathetic and parasympathetic pathways. Activation of the sympathetic 

nervous system increases amylase synthesis, leading to an elevation in its 

concentration, while parasympathetic activity raises saliva flow. Salivary amylase 

also plays a significant role in glucose processing, making it a promising biomarker 

for the assessment and monitoring of DM (15).  



In a review by Pérez-Ros P and Navarro-Flores, it was observed that glucose levels 

in saliva were statistically higher in diabetic patients, ranging from 1.26 to 11 mg/dL, 

compared to the control group, which reported values between 0.5 and 4.8 mg/dL. 

Furthermore, it was noted that the concentration of glucose in saliva under fasting 

conditions or 1-2 hours after eating led to a three-fold or greater increase in the 

concentration of glucose in the saliva of diabetic patients compared to its levels in 

blood samples (15). Elevated levels of salivary amylase were also evident in 

unstimulated samples from diabetic patients. This can be attributed to the altered 

expression of amylase and cyclic adenosine monophosphate (cAMP) receptors in 

the parotid gland of diabetic patients, resulting in changes in the production of 

salivary proteins. Additionally, there is an increase in the permeability of the 

basement membrane, which could potentially allow the leakage of proteins into 

saliva through the salivary glands (15). 

Acharya et al. conducted a meta-analysis in 2022 of 15 cross-sectional studies, 

which identified two interleukins (IL) with direct associations to both T2DM and 

periodontitis. In their first finding, they observed that IL-10 levels were significantly 

lower in the group of patients with periodontitis compared to the DM2 + periodontitis 

group (p = 0.003). IL-10 is known for its anti-inflammatory properties and this 

observation may explain the altered immune response in these patients or how it 

can progress to chronic periodontitis when levels are low. The second discovery 

revealed a significantly lower concentration of IL-4 in the diabetic periodontitis group 

compared to the non-diabetic periodontitis group (p < 0.001). This finding could 

potentially explain the progression of periodontitis in diabetic patients and their 

increased susceptibility to the condition. However, it is important to exercise caution, 

as higher levels of IL-4 may be influenced by other mediators present in either of the 

pathologies(16). Furthermore, IL-8 levels exhibited an association between DM2 and 

periodontitis. However, in this systematic review, the results did not reveal 

statistically significant differences between the groups with periodontitis plus 

diabetes and those with periodontitis only. On the other hand, TNF-α, a pro-

inflammatory mediator, showed a direct link between periodontitis and DM2. This 



cytokine has the potential to induce insulin resistance and contribute to chronic 

systemic inflammation (16). 

 

IL-6 has the potential to induce insulin resistance and may play a role in the process 

of bone resorption in periodontitis. This marker is synthesized in response to 

interactions with infectious agents, triggering the acute immune response. 

Consequently, the levels of IL-6 in saliva may reflect its concentrations in the 

bloodstream. In this systematic review, higher IL-6 values were observed in patients 

with both diabetes and periodontitis. However, quantitative analyses did not reveal 

statistically significant differences between the groups with periodontitis + T2DM and 

those with periodontitis only (16). Additionally, Costa et al. conducted an evaluation 

of IL-6 in the saliva of 90 patients with periodontitis and T2DM. Notably, all patients 

in the untreated periodontitis or T2DM groups were receiving insulin and/or oral 

hypoglycemic agents. The untreated periodontitis and untreated periodontitis + 

T2DM groups exhibited higher IL-6 concentrations than the control and diabetic 

groups (P<0.01). Consequently, elevated salivary IL-6 concentrations were 

identified in patients with periodontitis, regardless of their diabetic status. However, 

as Costa et al. examined patients with untreated periodontitis with or without T2DM, 

there remains a possibility that salivary IL-6 concentrations were overestimated. 

Additional studies are warranted to determine the utility of IL-6 as a biomarker (17). 

TNF-α is a pro-inflammatory cell signaling protein, that plays a role in apoptosis, cell 

differentiation, and oxidative stress (27). Elevated concentrations of this protein have 

been linked to insulin resistance, with studies reporting an increase of 17% to 39% 

in concentrations compared to healthy controls (28). Tvarijonavicute et al. conducted 

an examination of several salivary cytokines in patients with T2DM based on the 

criteria of the American Diabetes Association and compared them with healthy 

individuals. Their findings revealed that salivary TNF-α was 1.9 times higher in 

patients with T2DM compared to non-diabetics (P<0.049). However, in another study 

by Srinivasan et al., a comparison of salivary concentrations of pro-inflammatory 

adipokines and anti-inflammatory adipokines in self-reported patients with T2DM 

versus healthy individuals showed minimal differences between the groups (29) 



Therefore, further research is necessary to fully explore the potential of TNF-α as a 

salivary biomarker for T2DM and to assess its clinical utility (18).  

C-reactive protein (CRP) is a biomarker produced by the liver and is widely used 

for predicting the risk of T2DM, regardless of factors such as race, gender, or age 

(20); Elevated levels of CRP may contribute to inflammatory responses by activating 

complement proteins or increasing the production of proinflammatory cytokines, 

including IL-6 and TNF-α, cytokines that are also elevated in patients with DM2. 

Additionally, CRP can potentially contribute to insulin resistance by promoting the 

production of thrombogenic substances (21). Several studies have reported that 

individuals with DM2 exhibit a 41% to 125% increase in serum CRP concentrations 

compared to non-diabetic individuals. Notably, non-diabetic participants who later 

developed T2DM had elevated baseline CRP levels, suggesting that CRP could 

serve as a potential biomarker for T2DM (22). There are published reports 

demonstrating that CRP can be monitored in saliva samples. However, it is important 

to note that CRP is a non-specific marker of inflammation that can increase in various 

conditions, including periodontal diseases(14,21,22). 

On the other hand, 1,5-AG is a monosaccharide similar to glucose found in high 

concentrations in the bloodstream under normal conditions. It serves as an indicator 

of short-term glucose fluctuations and hyperglycemia (23). Studies have reported a 

significant decrease of 35% to 58% in 1,5-AG concentrations in individuals with 

T2DM compared to healthy subjects (24). Currently, there is limited information 

available regarding 1,5-AG in saliva and its relationship with DM2. However, it has 

been detected in measurable concentrations in saliva, making it a potential non-

invasive marker for individuals at risk of diabetes.  

In a cross-sectional study conducted by Mook-Kanamori et al., salivary metabolic 

biomarkers of T2DM were evaluated, and 1,5-AG was one of the three detectable 

metabolites (P = 3.6 × 10−13). Salivary 1,5-AG demonstrated a positive correlation 

with serum 1,5-AG (r=0.74), but not with serum glucose (r=−0.51) or HbA1c 

(r=−0.59). Similarly, Asha et al. assessed 1,5-AG as a salivary biomarker in patients 

with DM2 and found a moderate positive correlation between serum and saliva levels 



of 1,5-AG in both groups (P < 0.03 and 0.009, respectively). Despite the limited 

number of studies, the consistent results suggest the potential use of salivary 1,5-

AG as a biomarker for increased risk of T2DM (24). 

 

 

Common Salivary Biomarkers in Diabetes and Periodontal Disease 

Pro-inflammatory and anti-inflammatory cytokines regulate the processes executed 

by the immune system and the response of each individual. Anti-inflammatory 

cytokines control the inflammatory process, while pro-inflammatory cytokines 

amplify and sustain the response. Measuring mediator levels in patients with 

periodontitis and DM2 provides insight into the inflammatory cascade processes in 

both conditions, their roles, and their potential to either repair or damage tissues. 

However, quantifying inflammatory markers has been challenging (12). Diagram 1 

illustrates some salivary biomarkers that may exhibit elevated indicators in the 

presence of periodontal disease or diabetes, including matrix metalloproteinases 

(MMPs), interleukin 6 and 1B (IL-6 and IL-1B), Tumor Necrosis Factor-alpha (TNF-

α), C-reactive protein, and oxidative stress mediators. 

Diagram 1. Salivary biomarkers shared by periodontal disease and diabetes. 

 



 

 

 

In 1970, AR Feinstein coined the term "comorbidity," which refers to the occurrence 

of one or more additional diseases or disorders alongside a primary disease or 

disorder. Diseases that share a comorbidity relationship are more likely to coexist 

because the genes associated with these diseases are indirectly regulated by 

common biological mechanisms(30). For instance, both periodontitis and T2DM are 

multifactorial diseases. Periodontitis can affect individuals irrespective of their health 

condition, but it is notably more prevalent and severe in individuals with diabetes 

(31).  

Diabetes can lead to disruptions in inflammatory and immune responses, as well as 

impaired healing. On the other hand, periodontitis is characterized by an imbalanced 

inflammatory and immunological response, often associated with dysbiotic oral flora. 

Currently, the biological evidence supporting their comorbidity is grounded in the 



biological plausibility of observing complications or advanced periodontitis in patients 

with poorly controlled diabetes, as illustrated in Diagram 2 (32). 

 

Diagram 2. Relationship between periodontal disease and type 2 diabetes 

mellitus 

 

 

The interaction between RANK and RANKL is one of the most potent triggers for 

osteoclast formation and activity. Conversely, osteoprotegerin (OPG) acts as a 

decoy receptor, effectively inhibiting the binding of osteoclast precursors to RANK, 

thereby blocking RANKL activity. Animal studies have provided compelling evidence 

that the interplay between osteoblast-expressed proteins, namely RANK, RANKL, 

and osteoprotegerin (OPG), plays a crucial role in promoting osteoclastogenesis in 

individuals with both periodontitis and diabetes. Consequently, both T1DM and 

T2DM have a modulating effect on alveolar bone homeostasis. In studies involving 

rats with diabetes, including T1DM137 and T2DM2138, experimental ligations and 

the induction of pathogen-induced periodontitis resulted in a 2-4-fold increase in the 



number of osteoclasts compared to control rats, which reinforces the previously 

mentioned ideas (33,34). 

 

The challenge of reducing glycated hemoglobin (HbA1c) 

 

The Diabetes Control and Complications Trial (DCCT) and its 6.5-year follow-up 

study evaluating Diabetes Interventions and Complications in the United States and 

Canada revealed a 76% reduction in retinopathy, a 34% decrease in the 

development of early nephropathy, and a 69% reduction in neuropathy development. 

Additionally, there was an observed decrease in cardiovascular events and 

cardiovascular disease-related deaths with the implementation of intensive 

treatment(35). 

According to a 2018 meta-analysis, the prevalence of diabetes is 13.1% among 

individuals with periodontitis, while it is 9.6% among those without periodontitis. This 

suggests the importance of managing hyperglycemia over time, regardless of the 

type of diabetes, as it can significantly impact the progression of periodontitis 

(36,37). 

 

In a randomized controlled trial, the United Kingdom Prospective Diabetes Study 

(UKPDS), 5102 patients with newly diagnosed T2DM were studied between 1977 

and 1991. Patients were followed for an average of 10 years. Intensive therapy 

(insulin or oral agents) was compared with conventional therapy (diet with or without 

pharmacological therapy), and they found that for each percentage point decrease 

in HbA1c, there was a reported: 35% reduction in the risk of microvascular 

complications, 25% reduction in diabetes-related deaths, 7% reduction in all-cause 

mortality, and 18% reduction in combined fatal and non-fatal myocardial infarction. 

Taken together, DCCT and UKPDS, along with other studies, demonstrate that 

glycemic control is the key factor in controlling systemic complications related to DM 

(38,39). 



Periodontitis is the sixth complication of diabetes, as poor glycemic control can lead 

to the worsening of periodontal conditions. There are also cases in which periodontal 

disease becomes a predisposing factor for diabetes (31), It is crucial to mention that 

there are environmental, genetic, or behavioral factors that may be related to the 

onset and development of the disease in susceptible individuals (16). 

In 2004, Yoon et al. discovered advanced glycation end-product proteins in the saliva 

of diabetic patients, which were related to the amount of dental biofilm (40),  In 

another study, conducted by Takeda et al. in 2007, it was demonstrated that serum 

levels of advanced glycation end products (AGEs) were associated with the severity 

of periodontitis in individuals with T2DM (41). Delving deeper into the microbiological 

aspect, a study conducted in mice revealed that alveolar bone loss induced by P. 

Gingivalis was greater in diabetic animals compared to non-diabetic ones. This was 

accompanied by increased expression of the receptor for AGEs and MMPs, which 

had a detrimental effect on gingival tissues. However, when researchers blocked the 

receptor for AGEs in diabetic mice, levels of inflammatory cytokines and MMPs 

decreased, effectively suppressing bone loss (42). 

When there is an increased expression of IL1β, IL6, and TNF-α in the periodontal 

tissue and the crevicular fluid, the response of the periodontal tissues can be altered, 

leading to tissue damage (19). Part of this mechanism of periodontal destruction 

occurs as follows: an increase in blood glucose levels generates AGEs in cells and 

tissues. Subsequently, there is a mediated interaction between AGEs and their 

receptor (RAGE), resulting in cellular oxidative stress. This is followed by an 

imbalance in the RANKL/OPG relationship, favoring the formation and activation of 

osteoclasts, which in turn leads to an increase in MMPs and, finally, the resorption 

of alveolar bone and the destruction of collagen in tissues (16). 

Various studies have examined inflammatory markers in saliva and gingival 

crevicular fluid. In a study conducted by Cutler et al. in 1997, it was found that IL1β 

levels in the crevicular fluid were elevated in periodontal patients, regardless of 

whether they had well-controlled diabetes or not (43). When investigating the impact 

of glycemic control, other studies have also emerged. For instance, Santos et al. in 



2010 reported elevated levels of IL17 and IL4 in the crevicular fluid of periodontal 

patients with poor glycemic control (44). Similarly, Costa et al. in 2010 discovered 

increased IL6 levels in the saliva of untreated periodontal patients with poorly 

controlled diabetes (45). Additionally, Ribeiro et al. in 2011 found higher levels of 

IL17, IL23, and IL4, as well as decreased IFN-γ, in the crevicular fluid of patients 

with inadequate diabetic control (46). In a 2014 study by Duarte et al., a greater 

quantity of inflammatory proteins, including macrophages, IL12, IL6, and TNF-α, was 

observed (47). 

 

Additional findings have been reported by Ozturk et al., who observed higher levels 

of substance P, a pro-inflammatory peptide, in both serum and crevicular fluid among 

patients with poor glycemic control (48). Similarly, Kim et al. demonstrated elevated 

expression of CRP, MMP 14, and tissue inhibitor of metalloproteinase 2 in the 

periodontal tissues of individuals with inadequate glycemic control (49). 

 

As a result, if periodontitis certainly plays a role in diabetes, it stands to reason that 

periodontal therapy could impact the levels of circulating inflammatory cytokines 

(50). Research indicates that periodontal treatment can have a positive effect on 

diabetes control, including improvements in glycemic control, lipid profiles, and 

insulin resistance. Additionally, it has been shown to reduce serum levels of 

inflammatory cytokines and increase serum levels of adiponectin in patients with 

T2DM (50). 

 

Sol et al. conducted a study involving 190 patients with moderate to poorly controlled 

T2DM (HbA1c levels between 7.5% and 9.5%) who also had periodontitis. They 

observed that, following 3 months of periodontal therapy, there were significant 

reductions in serum levels of CRP, TNFα, IL-6, fasting plasma glucose, HbA1c, 

fasting insulin, and the HOMA-IR index. The latter is a method used to assess insulin 

resistance based on fasting blood glucose and insulin concentrations. Additionally, 

adiponectin levels showed a significant increase in the treated group compared to 

the untreated group (50). 



 

The positive impact of surgical and non-surgical periodontal therapy on HbA1c levels 

was also evident in a recent study conducted by D'Aiuto et al. In this 12-month 

randomized clinical trial, 264 participants were assigned to either receive intensive 

periodontal treatment (IPT), which included full-mouth subgingival scaling, surgical 

periodontal treatment, and supportive periodontal care every 3 months until the 

study's completion or control periodontal treatment (CPT), consisting of 

supragingival periodontal treatment. The study found that after 12 months, HbA1c 

levels in the IPT group were 0.6% lower (95% CI: 0.3% to 0.9%) compared to the 

CPT group, relative to baseline HbA1c levels. The question that remains 

unanswered is whether these observed benefits are sustained beyond the 12-month 

period (51). 

 

In a meta-analysis conducted by Engebretson and Kocher, they pooled data from 

seven of the most comprehensive meta-analyses of randomized controlled trials 

published between 2013 and 2017. Their analysis demonstrated that periodontal 

therapy led to a significant reduction in HbA1c levels within 3 to 4 months after 

treatment, with a range of 0.27% to 1.03% (95% CI: -0.54 to -0.19) (52). In the most 

recent update, Madianos and Koromantzos confirmed the positive impact of non-

surgical periodontal therapy on HbA1c in diabetic patients. They found reductions in 

HbA1c levels 3 to 4 months after treatment, ranging from -0.27% (95% CI: -0.46 to -

0.07) to -1.03% (95% CI: 0.36 to -1.70) and even 6 months after treatment, with 

reductions ranging from -0.02% (95% CI: -0.20 to -0.16) to -1.18% (95% CI: -0.72 to 

-1.64) (53). 

 

In contrast, a multicenter randomized clinical trial conducted by Engebretson et al. 

found that non-surgical periodontal therapy did not lead to improvements in glycemic 

control of patients with T2DM. However, several authors argue that the periodontal 

therapy provided in this study may have been insufficient in effectively managing 

periodontal infection, as patients still exhibited high levels of residual biofilm (72%) 

and bleeding scores (42%) following the treatment. Additionally, the mean HbA1c 



value at the beginning of the study was already close to the therapeutic target, 

making it challenging to achieve a significant improvement in HbA1c through 

periodontal intervention alone (54). Lastly, the ongoing debate regarding the impact 

of periodontal treatment on glycemic control may be attributed to the heterogeneity 

of trial designs, emphasizing the need for more studies with rigorous methodology. 

 

Discussion 

Understanding the expression of proinflammatory cytokines, enzymes, or proteins 

provides insight into the functioning of the immune system. It can also aid in 

comprehending the distinct patterns of immune responses in individuals and offer 

valuable information regarding susceptibility to periodontal disease or T2DM. Some 

of these inflammatory mediators play a crucial role in either exacerbating or 

mitigating inflammation during the immune response, ultimately, influencing tissue 

damage (25). 

Different studies show that some inflammatory markers evaluated in the periodontal 

field, related to tissue inflammation, could be valuable in the medical field by showing 

evidence that periodontal patients could be more susceptible to presenting T2DM 

and complications derived from it or vice versa (6,12,15,16,30,55). On the other 

hand, some studies indicate that rigorous periodontal control could provide stability 

in diabetic patients for up to a year. However, there are no long-term studies that 

support this evidence (50,51).  

The present literature review has identified that the implementation of an 

individualized and decisive treatment plan can be facilitated through the utilization of 

salivary biomarkers as a valuable tool. Salivary biomarkers offer a low-cost, 

bioavailable, non-invasive, and rapid resource that can be analyzed in the medical 

field, benefiting patients in terms of diagnosis, prediction, and prognosis of 

complications associated with T2DM (6,12,15,16,30,55). However, studies are still 

needed that analyze the behavior of systemic mediators at the local level, studies 

with high methodological rigor and high clinical evidence that confirm this information 



collected over the years, to finally understand the role of these mediators at the 

salivary level, with their consequent oral and systemic impact. 

 

 

 

 

Conclusion 

The evidence presented in this literature review suggests that there are salivary 

biomarkers shared between periodontal disease and T2DM, which could serve as 

bioavailable and minimally invasive tools for aiding in the diagnosis, prognosis, and 

prediction of diabetes-related complications. However, it is imperative to establish 

standardized protocols for sample collection and processing, conduct studies across 

diverse population groups, and mitigate biases to ensure that the results are more 

consistent and comparable. Further research is required to explore the expression 

of these biomarkers in saliva and establish comparisons with serum samples from 

individuals with periodontitis and T2DM, yielding more robust findings. A deeper 

investigation into biomarkers in periodontics could pave the way for precision 

medicine approaches, seeking personalized methods for diagnosing, 

prognosticating, and predicting treatment responses in patients (56). 
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