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Abstract

:

The objective of this study is to analyze the miRNA expression of oral fluids such as gingival crevicular fluid (GCF) in patients with periodontitis and Type 2 diabetes mellitus, and how these epigenetic biomarkers can influence the bidirectional relationship of these two inflammatory diseases. This review was conducted following the PRISMA criteria. PubMed, Scopus, Cochrane Library, Embase, and Web of Science databases were searched for clinical studies conducted on humans investigating, through GCF miRNA expression, the relationship between periodontal diseases and type 2 diabetes mellitus. In addition, the etiopathogenic pathways of the studied miRNAs were analyzed using the DIANA MIR path tool. A total of 1436 references were identified in the initial literature search, and seven articles were finally included in this review. Most of the articles included in this review were case–control studies and examined the expression of miRNAs in patients with periodontitis with or without diabetes. Due to their characteristics, miRNAs appear to be the ideal biomarkers for improving the understanding and knowledge of the etiopathogenic pathways that link both diseases. Among all the studied miRNAs, miR-146a, miR-155, miR-200b, miR-223, and miR-203 showed strong involvement in inflammatory and metabolic pathways, making them potential good diagnostic and prognostic biomarkers.
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1. Introduction


Periodontitis is a multifactorial chronic inflammatory and destructive disease that affects the periodontium, compromising the supporting structures of the teeth (gingiva, cementum, the periodontal ligament, and the alveolar bone) and negatively impacting overall health [1].



A distinctive feature of periodontitis is an exaggerated immune inflammatory response that leads to systemic consequences characterized by an increased inflammatory burden attributed to the persistence of low-grade chronic inflammation over prolonged periods, contributing to numerous systemic disorders [2].



Chronic inflammation is primarily mediated by cytokines, which are generally classified as pro-inflammatory, such as tumor necrosis factor α (TNF-α), or anti-inflammatory, such as interleukin-10 (IL-10); the balance of these mediators reflects the degree of systemic inflammatory burden. TNF-α stimulates the destruction of connective tissue and the alveolar bone by increasing osteoclast activity and promoting the degradation of the extracellular matrix. It also promotes the production of other inflammatory cytokines and factors that perpetuate inflammation, leading to the progression of periodontal disease and contributing to insulin resistance [3].



Therefore, uncontrolled diabetes, characterized by chronic low-grade inflammation, leads to increased production of TNF-α, which worsens periodontal inflammation. At the same time, chronic periodontitis with high TNF-α activity can increase systemic inflammation, further aggravating insulin resistance and making diabetes control more difficult [4].



IL-10, an anti-inflammatory cytokine, attempts to control inflammation, but its effectiveness may be limited in both cases when chronic inflammation remains uncontrolled [5].



Diabetes mellitus (DM) represents a commonly severe metabolic disorder affecting blood glucose levels caused by either insulin secretion deficiency (type 1 diabetes mellitus, DM1) or insulin resistance (type 2 diabetes mellitus, DM2), the latter accounting for approximately 90% of all DM cases worldwide [6].



1.1. Bidirectional Relationship between Periodontitis and DM


Recently, scientific evidence has observed a link between periodontal diseases and other general health problems, such as diabetes, adverse pregnancy outcomes, and cardiovascular diseases. Diabetes mellitus represents a risk factor for the development and progression of periodontitis. The risk of periodontitis progression increases approximately threefold in diabetic patients compared to non-diabetic patients. According to some studies, the interrelationship between diabetes and periodontal diseases reflects a mutually reinforcing cycle between oxidative stress and inflammation [7].



The relationship between periodontitis and diabetes could be connected through common immuno-inflammatory factors. These factors are activated in response to the immuno-inflammatory stimuli caused by periodontal pathogens. This connection highlights how periodontal infections can influence the control of diabetes mellitus and vice versa. The adjustment of the inflammatory response could be mediated by epigenetic factors such as miRNAs, which might act as an immunoregulation factor [8].



Concretely, Toll-like receptors (TLRs) are mainly responsible for the modulation of innate immunity. The increased concentrations in glucose and lipopolysaccharide of Gram-negative bacteria activates these receptors, triggering a cascade of reactions that results in greater oxidative stress, the release of reactive oxygen species (ROS), and apoptosis. These products can also reactivate the receptors, which contributes to the maintenance of chronic inflammation. Furthermore, activation of TLR4 in macrophages and β-cells mediates the inflammatory pathway, which leads to β-cell dysfunction (reduced production and secretion of insulin) and its apoptosis [9].



In addition, klotho is a membrane-bound protein that acts as an anti-inflammatory modulator, as klotho negatively regulates nuclear factor kappa activity (NF-kB), reducing pro-inflammatory gene transduction and, consequently, protecting from oxidative stress-induced injury. Decreased expression of klotho has been found to be associated with a variety of diseases, including age-related diseases, inflammatory diseases, and bone metabolism-related diseases, such as diabetes and periodontitis. Different miRNAs regulate klotho gene expression at the transcription levels [10,11].




1.2. miRNAs as Biomarkers


miRNAs are a large family of shot non-coding RNAs. They are composed of 17–25 nucleotides. More than 2300 miRNAs have been identified in the human genome. miRNAs can control or regulate gene expression [12]. miRNAs can suppress gene expression, orchestrating a series of processes such as host cell immune responses, including antibacterial, anti-inflammatory, and antioxidant responses [13].



Epigenetics is a scientific field that studies changes in gene expression that do not require or involve changes in DNA sequencing. In other words, epigenetics is not directly related to genetic mutation but to the regulation of the expression of certain genes that allow cellular functions to adapt to the cellular needs of the environment [14].



This field of biology allows us to perform a dynamic analysis of variations in gene expression; therefore, epigenetic markers provide considerable advantages over static genetic measurements. These markers can express susceptibility to a disease at different stages of its progression, something that cannot be measured by genetic markers. Additionally, it may contribute to a better understanding of the association between risk factors and susceptibility to periodontitis [15].



In recent years, some research has focused on the molecular components of gingival crevicular fluid (GCF), observing that epigenetic markers such as miRNAs in GCF are good diagnostic and prognostic biomarkers of periodontal changes [16]. Previous studies have shown dysregulation in certain miRNAs, which are induced in many cell types responding to microbial lipopolysaccharide, stimulating NFκB target genes that encode various mediators of inflammation and are involved in oxidative stress processes [17]. Furthermore, it also has been reported in type 2 diabetes, caused by advanced glycation end products, which encourages apoptosis of osteoblasts and endothelial cells [18].



Some of the limitations of miRNAs as epigenetic markers associated with their use in clinical practice are:




	
Specificity: miRNAs are not always specific to a particular disease. Many diseases can share expression profiles of certain miRNAs;



	
Interindividual variability: miRNA expression can vary considerably between individuals due to factors such as age, gender, lifestyle habits, and the presence of other diseases;



	
Cost: Techniques for the precise detection of miRNAs, such as sequencing and real-time PCR, require expensive equipment and specialized personnel [19].









1.3. GCF and Saliva as Mediums for miRNAs


The GCF is a transudate released in the gingival sulcus of the teeth. It is primarily composed of polymorphonuclear leukocytes (PMN), serum proteins, bacteria, tissue breakdown products, enzymes, antibodies, and numerous inflammatory mediators and nucleic acids. GCF collection is a simple and non-invasive procedure and is especially useful for identifying individuals at risk for the onset or progression of periodontitis and for monitoring the response to periodontal therapy [20].



Saliva samples or liquid biopsy samples have been shown to be useful as minimally invasive tools. They are essential for molecular investigations in oral disease studies, such as circulating tumor DNA (ctDNA), miRNAs, proteins, and exosomes. Saliva, as an oral fluid, is necessary for oral biofilm formation and host defense, and has been used to evaluate the progression of periodontitis and as a non-invasive diagnostic tool for insulin resistance. Therefore, both saliva and GCF samples are considered important liquid biopsy samples for the analysis of diseases, such as periodontal disease [16]. Some advantages of GCF include local specificity, as it originates in the gingival sulcus, and therefore directly at the sites of periodontal inflammation, allowing for a more accurate measurement of the sites of localized changes in the disease. The high concentrations of inflammatory biomarkers and miRNAs specific to periodontal pathology make GCF a valuable sample. However, it presents some disadvantages, such as its technically complex collection process and its reduced volume compared to a saliva sample. The latter is easier to collect, making it less invasive and more convenient for the patient; however, it is less specific [21,22].



Gingival tissue samples or biopsies serve as useful tools to assess miRNA expression levels, providing a direct sample of the affected site and allowing accurate and specific assessment of the molecular changes in the disease. However, obtaining gingival tissue samples requires an invasive procedure (biopsy), which carries potential complications such as risk of infection, bleeding, and postoperative pain [23].



Despite the numerous studies that have identified epigenetic disorders in various inflammatory diseases and given the recent and novel importance of epigenetics in periodontal diseases, there are few studies that analyze the importance of miRNAs in the bidirectional relationship between periodontitis and diabetes mellitus.



The objective of this systematic review, therefore, is to determine how the relationship between chronic periodontitis and diabetes mellitus is manifested through the expression of miRNAs collected in the oral fluids of adult patients with chronic periodontitis, both with and without diabetes mellitus.





2. Materials and Methods


Study Selection


This systematic review was carried out following the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) criteria to identify all the studies that would answer the PECO question (P (Patients/Problem); E (Exposure); C (Comparison); O (Outcome)). A search of the existing literature was performed, using the following electronic databases: PubMed, Embase, Cochrane, Scopus, and Web of Science. No language and publication date filters were applied to avoid the loss of potentially relevant articles. The search for the articles began in February 2024 and concluded in March 2024. The review was registered in PROSPERO with the ID 573972.



The PECO question was formulated as follows:



How does the presence of periodontitis and diabetes mellitus affect the expression of miRNAs in the oral fluids of adult patients?



	
P (Patient/Population): adult patients;



	
E (Exposition): periodontitis;



	
C (Comparison): periodontitis with DM (diabetes mellitus), periodontitis without DM, DM without periodontitis;



	
O (Outcome): differential expression of miRNAs in oral fluids.






The inclusion criteria were as follows: randomized clinical trials, case–control studies, cohort studies, and studies addressing the PECO question.



The exclusion criteria were as follows: case report, systematic reviews, and expert opinions; experimental studies using an in vitro sample; and experimental studies conducted on animals.



The search equation used was as follows: ((miRNAs) OR (microRNA) OR (miR) OR (non-coding RNAs) OR (microRNAs) OR (miRNA) OR (epigenetics) OR (epigenetic) OR (epigenome)) AND ((periodontitis) OR (periodontal diseases) OR (periodont*)) AND ((diabetes mellitus) OR (diabetes) OR (systemic diseases) OR (metabolic syndrome)).



The search equation was adapted to the different databases Pubmed, Scopus, Embase, Web of Science, and Cochrane.



Mendeley software 1.19.8 was used to manage the articles found. After discarding duplicate articles from the different databases, the selection process continued by reading the titles and abstracts of the articles found. This process was carried out by two reviewers (PA and MM).



When the title and abstract did not provide enough information, the full text was read. After the first phase of selection, the full texts of the selected articles were read and, in the case of further exclusions, the reasons for rejection were recorded.



The following data were extracted from each of the included studies: author, year of publication, type of study, N (sample size), type of diabetes mellitus (DM1/DM2), type of periodontal disease, sample analyzed, type of epigenetic marker (micro-RNA), results, ROC curve analysis, p-value, and miRNA expression levels.



The Newcastle–Ottawa Quality Assessment Scale (NOS) was used to evaluate the quality of the selected articles (Table 1).





3. Results


The initial total number of articles found was 1436, among which there were 2251 duplicates with the same DOI. After discarding duplicate articles from the different databases, the selection process continued with the articles found in the electronic databases by reading the title and abstract. This was performed by two reviewers (PA and MM).



The total number of articles selected was 138. After excluding systematic reviews, the number of articles of interest was reduced to 36 articles. Ten articles were excluded for conducting in vitro experimental studies. Additionally, twelve articles were excluded for conducting in vitro experimental studies on animals. Finally, seven articles were excluded for other reasons considered as grounds for exclusion.



The final number of articles for this systematic review was seven articles (Figure 1).



3.1. Main Results of Included Studies


3.1.1. miR-146a


Radovic et al. (2018) found that miR-146a levels were significantly higher in patients with chronic periodontitis (CP) and CP with type 2 diabetes mellitus (CPDM2) compared to healthy individuals. Additionally, miR-146a was elevated in diabetic patients without periodontal disease compared to periodontally healthy, non-diabetic individuals [24]. Al-Rawi et al. (2020) reported that miR-146a was the most reliable predictor of CP among diabetic subjects and highlighted miR-146a in saliva as a good non-invasive diagnostic biomarker [8].




3.1.2. miR-155


Radovic et al. (2018) also observed significantly higher levels of miR-155 in patients with CP and CPDM2 [24]. Al-Rawi et al. (2020) identified miR-155 as the most reliable predictor of CP among non-diabetic individuals [8]. Bachtiar et al. (2023) noted that miR-155 expression was over five-times higher in patients with diabetes and periodontitis compared to those with periodontitis alone. Additionally, salivary exosomal miR-155 expression levels showed over fivefold upregulation in diabetic patients compared to non-diabetics [25].




3.1.3. miR-203


Al-Rawi et al. (2020) reported that miR-203 was significantly elevated in the saliva of diabetic patients with CP compared to healthy diabetics [8]. Elazazy et al. (2021) found that miR-203 was significantly lower in both the serum and gingival crevicular fluid (GCF) of all studied patients with CP, with or without DM2, compared to controls [26].




3.1.4. miR-223


Elazazy et al. (2021) found that miR-223 was significantly overexpressed in both the serum and GCF of patients with CP, with or without DM2, with higher expression levels in the serum [26]. Liu (2022) observed significantly higher levels of miR-223 in the periodontal group compared to healthy controls, with a lower expression in DM2 compared to CP, but an increased expression in the comorbidity group [15]. Sawangpanyangkura and Teerat et al. (2022) reported the highest expression of miR-223 in GCF among women with gestational diabetes mellitus (GDM) and periodontitis. They also noted a positive regulation of miR-223 expression in GCF but a negative expression in peripheral blood (PB), with a negative correlation between GCF and PB expression, although no significant differences were found [27].




3.1.5. miR-200b


Elazazy et al. (2021) found that miR-200b was significantly overexpressed in both the serum and GCF of patients with CP, with or without DM2, with higher expression levels in the serum [26]. Lui (2022) reported that miR-200b levels were significantly higher in the periodontal group compared to healthy controls, with a lower expression in DM2 compared to CP, but an increased expression in the comorbidity group [15].




3.1.6. miR-106 and miR-103


Lui (2022) observed that miR-106 and miR-103 levels in the GCF were significantly higher in the periodontal group compared to healthy controls, although the increases were lower than those of miR-223 and miR-200b [15].




3.1.7. miR-25-3p


Jing Ni et al. (2023) found a higher salivary expression of miR-25-3p in patients with osteoporosis (OP) and T2DM who also had periodontitis compared to those with a healthy periodontium. There was also a higher salivary expression of miR-25-3p in patients with DM2 compared to healthy individuals, with the T2DM/OP + PD group showing increased salivary expression, indicating changes due to the presence of periodontal disease among patients with OP/T2DM [16].





3.2. Characteristics of Included Studies


The characteristics of the studies included in the review are summarized in Table 2 and Table 3. The seven selected articles were cross-sectional observational case–control studies. Sample sizes ranged from 29 to 248 subjects. Regarding the type of diabetes mellitus analyzed, six articles examined type 2 diabetes mellitus (T2DM), one article did not specify the type of diabetes, and one article analyzed gestational diabetes mellitus (GDM). All seven articles analyzed miRNAs as an epigenetic mechanism. The sample type used to investigate the miRNAs was unstimulated saliva in three articles and gingival crevicular fluid (GCF) in four articles. Additionally, three of the studies that analyzed GCF also examined the expression of miRNAs in the serum. Of the selected articles, the miRNAs that appear repeatedly in the different articles are the following: 146, 203, 155, 223, 200b, 103, 106, and 25.





4. Discussion


miRNAs play critical roles in various immune processes, and affect both the innate and humoral responses of the host. The current systematic review examined the pattern of miRNA changes in periodontitis associated with diabetes mellitus, since they may aggravate each other’s disease burden, and to determine if these epigenetic markers can be considered as diagnostic or prognostic disease biomarkers.



Sample sizes differed greatly among the studies, obtained from different biological sources, and some authors focused on specific miRNAs. As a result of these methodological differences among studies, we were not able to conduct a meta-analysis. For example, the sample size of the selected studies ranged from 90 subjects in the study by Bachtiar et al. (2023) [25] to 187 subjects in the study by Ni et al. (2023) [16]. GCF and saliva were chosen as diagnostic methods because they are simple, easily obtainable, and non-invasive diagnostic and prognostic tools, criteria that gingival biopsies do not meet, which is the reason why they were excluded from this systematic review. Furthermore, the lack of consideration of obesity in most studies could be another limitation, as this condition could act as a modified factor since it seems to further increase the expression of miRNA species [12]. In contrast, the selected studies were cross-sectional case–control studies; these are valuable due to their efficiency and ability to generate more rigorous results.



The majority of these studies focused on identifying the most relevant difference in miRNA expression in healthy and periodontitis-affected gingival tissue with and without type 2 diabetes mellitus. Among these, miR-146a, miR-155, miR-200b, miR-223, and miR-203 appear to be the most relevant reliable and non-invasive diagnostic and prognostic biomarkers.



Radovic et al. (2018) compared the expression levels of miR-146a and miR-155 in gingival crevicular fluid before and after non-surgical periodontal treatment in patients with chronic periodontitis with and without type 2 diabetes mellitus. They observed significantly higher levels of both miRNAs in patients with chronic periodontitis without diabetes and patients with chronic periodontitis with diabetes. Furthermore, they observed a significant reduction in the expression of both miRNAs after non-surgical periodontal treatment [24]. These two miRNAs seem to have similar function as both are related to the activation of TLR receptors [28].



Al-Rawi et al. (2020) investigated the expression levels of miR-146a, miR-146b, miR-155, and MiR-203 in unstimulated saliva of patients with chronic periodontitis with and without diabetes mellitus. They found that all four miRNAs were overexpressed in patients with periodontitis, especially in those with diabetes. The highest effect was observed for miR-146b and miR-155, in agreement with previous findings. However, they observed that none of the miRNAs could function as potential predictive biomarkers for diabetes among patients with periodontitis. In addition, among the four miRNAs studied, miR-146b was the least reliable predictor in the different study groups [8].



Elazazy et al. (2021) and Lui L et al. (2022) both compared miRNA expression levels in the serum and gingival crevicular fluid in patients with chronic periodontitis (stage II) and type 2 diabetes mellitus. Elazazy et al. focused on miR-200b, miR-203, and miR-223 while Lui L et al., in addition to these miRNAs, studied miR-106 and miR-103. In both studies, a higher expression of miRNAs was observed in patients with periodontitis and diabetes mellitus, with significant increases noted in miR-200b and miR-223 expression, both in the gingival crevicular fluid and serum. Elazazy et al. reported a higher area under the curve (AUC) value in the serum. However, Lui L et al. found that miRNA levels in gingival crevicular fluid were significantly higher than those in corresponding serum samples. The expression of miR-203 was significantly lower in the gingival crevicular fluid and serum of all studied patients compared to controls; this occurred in both studies. Lui L et al. also observed increased levels of miR-106 and miR-103, although their expression was lower compared to miR-200b and miR-223 [15,26].



Jing Ni et al. (2023) evaluated the expression level of miR-25-3p in unstimulated saliva for the detection of osteoporosis and periodontitis in comparison to a mixed group of patients with type 2 diabetes (DM2). The salivary expression of miR-25-3p was higher in the groups of patients with diabetes osteoporosis with and without periodontitis compared to groups with healthy periodontium and diabetes. Patients in the type 2 diabetic osteoporosis and periodontitis group exhibited a higher salivary expression. The analysis of the area under the curve (AUC) showed that this biomarker is effective for diagnosing periodontitis, osteoporosis, and/or type 2 diabetes. This suggests that changes in the expression of the biomarker miR-25 in saliva are induced by type 2 diabetes, and these changes become more evident when periodontitis and osteoporosis are also present [16].



Sawangpanyangkura et al. (2022) analyzed the variations in the expression levels of miR-223 in gingival crevicular fluid (GCF) and peripheral blood in pregnant women with gestational diabetes mellitus and/or periodontitis. They observed a relatively higher and statistically significant expression of miR-223 in the GCF and peripheral blood in the group of women with gestational diabetes and periodontitis compared to the other groups. An increased expression was observed, although with a downward trend in peripheral blood compared to gingival crevicular fluid. This difference was not significant, similar to the studies carried out by Elazazy et al. and Lui L et al. The group of women with gestational diabetes and periodontitis exhibited the highest levels of all periodontal variables [27].



Bachtiar et al. (2023) compared the expression levels of miR-155 in unstimulated saliva of patients affected by COVID-19 and periodontitis, with and without diabetes mellitus. The most notable result was an upregulated expression (>5 times) in patients with diabetes compared to patients without diabetes [25].



Therefore, we observe that in all studies included in this systematic review, diabetes and periodontitis are inflammatory diseases that affect miRNA expression, and their effect can be cumulative. These findings highlight the dysregulation of specific miRNAs in patients with chronic periodontitis and type 2 diabetes mellitus, suggesting their potential role as biomarkers for possible diagnostic, disease progression, and treatment responses.



In addition, to better understand the beneficial (or detrimental) effects of each miRNA in these two inflammatory diseases, we performed an analysis of the biological pathways of the nine miRNAs identified in the selected studies of this systematic review, using the DIANA-miRPath version 3 toll (with the DIANA-tarbase algorithm activated). The biological pathways that were finally chosen were involved in processes related to bone and cellular metabolism, inflammatory response, bacterial invasion, immune response, and epithelial adhesion. This indicates that miRNAs were related to the etiopathogenic processes of periodontitis.



The following KEGG pathways were identified: (1) TGF-Beta signaling pathway, (2) HIF-1 signaling pathway, (3) NOD-like receptor signaling pathway, (4) ErB signaling pathway, (5) PI3K-Akt signaling pathway, (6) cell cycle, (7) RIG-I-like receptor signaling pathway, (8) neutrophin signaling pathway, (9) Chagas disease, (10) apoptosis, (11) NF-kappa B signaling pathway, (12) Toll-like receptor signaling pathway, and (13) HTLV-I infection. Chagas disease was included as previous studies have shown that it could influence at the gingival level due to one of its symptoms being gingivitis.



miARNSs Introduced into the DIANA-miRPath Tool


	
Mir146b-3p



	
Mir146a-5p



	
Mir155-3p



	
Mir-203



	
Mir-223-5p



	
Mir-200b-3p



	
Mir-106a-3p



	
Mir-103a-3p



	
Mir-25






It has been observed that high levels of Hsa-Mir146a-5p decrease TNF-a, IL-1B, and IL-6, thus altering the RANK/RANKL/OPG axis and therefore promoting osteoclastogenesis. Additionally, high levels of miR-146a-5p could activate the transcription factor NF-kB, ultimately leading to the release of proinflammatory molecules. This miR-146a-5p has also been associated with low levels of EGF and TGF-B, which decrease regeneration potential and may be related to unsatisfactory responses to treatment. Therefore, miR-146a-5p could be considered a biomarker of inflammatory response in periodontitis and a risk factor in diabetes mellitus. miR-146a-5p appears to be involved in different biological functions, including regulation of immune response, inflammation, cell development, and differentiation, among others. This appears to play a significant role in both diabetes and periodontitis by regulating the inflammatory response and the function of the cells involved in these diseases. Its dysfunction or dysregulation may contribute to the progression and severity of both conditions [29].



Further research is needed to fully understand the role of miRNAs and their involvement in in periodontal health and disease progression and how they can specifically influence the bidirectional relationship between periodontitis and diabetes mellitus. More well-designed studies are needed to improve the research on these biomarkers. Also, conducting a massive screening of all of them in gingival crevicular fluid is needed, rather than relying on previous studies conducted on gingival biopsies.





5. Conclusions


In this study of the bidirectional relationship between type 2 diabetes mellitus (DM2) and periodontitis, epigenetic markers such as miRNAs, due to their characteristics, seem to be ideal biomarkers to improve the understanding and knowledge of the etiopathogenic pathways that link both diseases.







Author Contributions


Conceptualization, P.J.A.-P. and P.M.-M.; methodology, A.L.-R.; software, P.J.A.-P. and M.M.-M.; formal analysis, all authors; investigation, M.M.-M. and A.S.-V.; writing—original draft preparation, M.M.-M. and P.J.A.-P.; writing—review and editing, all authors; visualization, A.L.-R.; supervision, A.S.-V. and P.J.A.-P.; project administration, A.L.-R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No data available.




Conflicts of Interest


The authors declare no conflicts of interest. The funders had no role in the design of this study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Goudouri, O.M.; Kontonasaki, E.; Boccaccini, A.R. Layered Scaffolds for Periodontal Regeneration. In Biomaterials for Oral and Dental Tissue Engineering; Woodhead Publishing: Sawston, UK, 2017; Volume 279–295. [Google Scholar]

	



Mark Bartold, P.; Van Dyke, T.E. Host modulation: Controlling the inflammation to control the infection. Periodontology 2000 2017, 75, 317–329. [Google Scholar] [CrossRef] [PubMed]

	



Cardoso, E.M.; Reis, C.; Manzanares-Céspedes, M.C. Chronic Periodontitis, Inflammatory Cytokines, and Interrelationship with Other Chronic Diseases. In Postgraduate Medicine; Taylor and Francis Inc.: Abingdon, UK, 2018; Volume 130, pp. 98–104. [Google Scholar]

	



Preshaw, P.M.; Seymour, R.A.; Heasman, P.A. Current concepts in periodontal pathogenesis. Dent. Update 2004, 31, 574–578. [Google Scholar] [CrossRef] [PubMed]

	



Greenstein, G.; Hart, T.C. A Critical Assessment of Interleukin-1 (IL-1) Genotyping When Used in a Genetic Susceptibility Test for Severe Chronic Periodontitis. J. Periodontol. 2002, 73, 231–247. [Google Scholar] [CrossRef] [PubMed]

	



Ahmad, E.; Lim, S.; Lamptey, R.; Webb, D.R.; Davies, M.J. Type 2 diabetes. Lancet 2022, 400, 1803–1820. [Google Scholar] [CrossRef] [PubMed]

	



Mealey, B.L.; Oates, T.W. Diabetes Mellitus and Periodontal Diseases. J. Periodontol. 2006, 77, 1289–1303. [Google Scholar] [CrossRef]

	



Al-Rawi, N.H.; Al-Marzooq, F.; Al-Nuaimi, A.S.; Hachim, M.Y.; Hamoudi, R. Salivary microRNA 155, 146a/b and 203: A pilot study for potentially non-invasive diagnostic biomarkers of periodontitis and diabetes mellitus. PLoS ONE 2020, 15, e0237004. [Google Scholar] [CrossRef]

	



Wang, Z.; Ni, X.; Zhang, L.; Sun, L.; Zhu, X.; Zhou, Q.; Yang, Z.; Yuan, H. Toll-Like Receptor 4 and Inflammatory Micro-Environment of Pancreatic Islets in Type-2 Diabetes Mellitus: A Therapeutic Perspective. Diabetes Metab. Syndr. Obes. 2020, 13, 4261–4272. [Google Scholar] [CrossRef]

	



Ni, C.; Bao, D.; Yan, F.; Chen, B. Correlation between serum α-Klotho levels and different stages of periodontitis. BMC Oral Health 2023, 23, 369. [Google Scholar] [CrossRef]

	



Buendía, P.; Ramírez, R.; Aljama, P.; Carracedo, J. Klotho Prevents Translocation of NFκB. Vitam. Horm. 2016, 101, 119–150. [Google Scholar]

	



Perri, R.; Nares, S.; Zhang, S.; Barros, S.P.; Offenbacher, S. MicroRNA modulation in obesity and periodontitis. J. Dent. Res. 2012, 91, 33–38. [Google Scholar] [CrossRef]

	



Bernstein, B.E.; Stamatoyannopoulos, J.A.; Costello, J.F.; Ren, B.; Milosavljevic, A.; Meissner, A.; Kellis, M.; Marra, M.A.; Beaudet, A.L.; Ecker, J.R.; et al. The NIH roadmap epigenomics mapping consortium. Nat. Biotechnol. 2010, 28, 1045–1048. [Google Scholar] [CrossRef] [PubMed]

	



Micó-Martínez, P.; Almiñana-Pastor, P.J.; Alpiste-Illueca, F.; López-Roldán, A. MicroRNAs and periodontal disease: A qualitative systematic review of human studies. J. Periodontal Implant. Sci. 2021, 51, 386–397. [Google Scholar] [CrossRef] [PubMed]

	



Liu, L.; Xiao, Z.; Ding, W.; Wen, C.; Ge, C.; Xu, K.; Cao, S. Relationship between microRNA expression and inflammatory factors in patients with both type 2 diabetes mellitus and periodontal disease. Am. J. Transl. Res. 2022, 14, 6627–6637. Available online: https://www.embase.com/search/results?subaction=viewrecord&id=L2020496677&from=export (accessed on 27 September 2024). [PubMed]

	



Ni, J.; Zhang, Q.; Lei, F. Non-invasive diagnostic potential of salivary miR-25-3p for periodontal disease and osteoporosis among a cohort of elderly patients with type 2 diabetes mellitus. BMC Oral Health 2023, 23, 318. [Google Scholar] [CrossRef] [PubMed]

	



Ma, X.; Buscaglia, L.E.B.; Barker, J.R.; Li, Y. MicroRNAs in NF-κB signaling. J. Mol. Cell Biol. 2011, 3, 159–166. [Google Scholar] [CrossRef]

	



Bellavia, D.; de Luca, A.; Carina, V.; Costa, V.; Raimondi, L.; Salamanna, F.; Alessandro, R.; Fini, M.; Giavaresi, G. Deregulated miRNAs in bone health: Epigenetic roles in osteoporosis. Bone 2019, 122, 52–75. [Google Scholar] [CrossRef]

	



Condrat, C.E.; Thompson, D.C.; Barbu, M.G.; Bugnar, O.L.; Boboc, A.; Cretoiu, D.; Suciu, N.; Cretoiu, S.M.; Voinea, S.C. miRNAs as Biomarkers in Disease: Latest Findings Regarding Their Role in Diagnosis and Prognosis. Cells 2020, 9, 276. [Google Scholar] [CrossRef]

	



Micó-Martínez, P.; García-Giménez, J.L.; Seco-Cervera, M.; López-Roldán, A.; Almiñana-Pastor, P.J.; Alpiste-Illueca, F.; Pallardo, F. MiR-1226 detection in GCF as potential biomarker of chronic periodontitis: A pilot study. Med. Oral Patol. Oral Cir. Bucal. 2018, 23, e308–e314. [Google Scholar] [CrossRef]

	



Motedayyen, H.; Ghotloo, S.; Saffari, M.; Sattari, M.; Amid, R. Evaluation of microRNA-146a and its targets in gingival tissues of patients with chronic periodontitis. J. Periodontol. 2015, 86, 1380–1385. [Google Scholar] [CrossRef]

	



Saito, A.; Horie, M.; Ejiri, K.; Aoki, A.; Katagiri, S.; Maekawa, S.; Suzuki, S.; Kong, S.; Yamauchi, T.; Yamaguchi, Y.; et al. MicroRNA profiling in gingival crevicular fluid of periodontitis–A pilot study. FEBS Open Bio 2017, 7, 981–994. [Google Scholar] [CrossRef]

	



Amaral, S.A.; Pereira, T.S.F.; Brito, J.A.R.; Cortelli, S.C.; Cortelli, J.R.; Gomez, R.S.; Costa, F.O.; Cota, L.O.M. Comparison of miRNA expression profiles in individuals with chronic or aggressive periodontitis. Oral Dis. 2019, 25, 561–568. [Google Scholar] [CrossRef] [PubMed]

	



Radović, N.; Nikolić Jakoba, N.; Petrović, N.; Milosavljević, A.; Brković, B.; Roganović, J. MicroRNA-146a and microRNA-155 as novel crevicular fluid biomarkers for periodontitis in non-diabetic and type 2 diabetic patients. J. Clin. Periodontol. 2018, 45, 663–671. [Google Scholar] [CrossRef] [PubMed]

	



Bachtiar, B.M.; Bachtiar, E.W.; Kusumaningrum, A.; Sunarto, H.; Soeroso, Y.; Sulijaya, B.; Apriyanti, E.; Theodorea, C.F.; Pratomo, I.P.; Efendi, D. Porphyromonasgingivalis association with inflammatory markers and exosomal miRNA-155 in saliva of periodontitis patients with and without diabetes diagnosed with COVID-19. Saudi Dent. J. 2023, 35, 61–69. [Google Scholar] [CrossRef]

	



Elazazy, O.; Amr, K.; Abd El Fattah, A.; Abouzaid, M. Evaluation of serum and gingival crevicular fluid microRNA-223, microRNA-203 and microRNA-200b expression in chronic periodontitis patients with and without diabetes type 2. Arch. Oral Biol. 2021, 121, 104949. [Google Scholar] [CrossRef]

	



Sawangpanyangkura, T.; Laohapand, P.; Boriboonhirunsarn, D.; Boriboonhirunsarn, C.; Bunpeng, N.; Tansriratanawong, K. Upregulation of microRNA-223 expression in gingival crevicular blood of women with gestational diabetes mellitus and periodontitis. J. Dent. Sci. 2022, 17, 863–869. [Google Scholar] [CrossRef]

	



Lee, Y.H.; Na, H.S.; Jeong, S.Y.; Jeong, S.H.; Park, H.R.; Chung, J. Comparison of inflammatory microRNA expression in healthy and periodontitis tissues. Biocell 2011, 35, 43–49. [Google Scholar] [CrossRef]

	



Almiñana-Pastor, P.J.; Boronat-Catalá, M.; Micó-Martinez, P.; Bellot-Arcís, C.; Lopez-Roldan, A.; Alpiste-Illueca, F.M. Epigenetics and periodontics: A systematic review. Med. Oral Patol. Oral Cir. Bucal. 2019, 24, e659–e672. [Google Scholar] [CrossRef]








[image: Ijms 25 10723 g001] 





Figure 1. The PRISMA flow diagram summarizes the article selection process. 
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Table 1. Quality assessment of observational studies based on the Newcastle–Ottawa Quality Assessment Scale (NOS).
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Selection

	
Comparability

	
Exposure

	
Total




	
Case

Definition *

	
Representativeness of the Cases *

	
Selection

of Controls *

	
Definition of Controls *

	
Comparability of Cases and Controls on the Basis of the Design or Analysis **

	
Ascertainment of Exposure *

	
Same Method of Ascertainment for Cases and Controls *

	
No-Response Rate *

	






	
[8]

	

	
*

	
*

	
*

	
**

	

	
*

	
*

	
7




	
[10]
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*

	
*

	
**

	

	
*

	
*

	
7
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*
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*

	
*

	
*

	
6




	
[24]

	

	
*

	
*

	
*

	
*

	

	
*

	
*

	
6




	
[25]

	

	
*

	
*

	
*

	
**

	
*

	

	
*

	
7




	
[26]

	
*

	
*

	
*

	

	
**

	
*

	
*

	
*

	
8




	
[27]

	

	
*

	
*

	
*

	
*

	
*

	

	
*

	
6











 





Table 2. Characteristics and main results of included studies.
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	Author
	Year
	Type of Study
	N
	Type of DM
	Periodontal Diseases
	Sample
	miRNAs
	ROC Curve
	P
	Expression Levels





	1
	Radovic N

[24]
	2018
	Case–control
	96
	DM2
	CP
	GCF
	mi-RNA (miR-146a/155)
	Both miRNAs showed their highest precision for CP = AUC ≥ 0.9;

miR-146a showed the best performance, with 100% sensitivity and 96% specificity in CP without diabetes.
	miR-146 = positive correlation with PPD in patients with P

CPDM2 and CP (Spearman r = 0.676 yr = 0.641, respectively, p < 0.01).

miR-155 shows a significant positive correlation with PPD (Spearman’s r = 0.623 and r = 0.645, p < 0.01).
	miR-146a (CP) = 4.11;

miR-146a (CPDM) = 5.45;

miR-155 (CP) = 2.70;

miR-155 (CPDM) = 3.56.



	2
	Al-Rawi N

[8]
	2020
	Case–control
	35
	DM
	CP
	Saliva
	mi-RNA (146a/146b/155/203)
	miR-203 accuracy of 76.8%;

miR-155 accuracy of 89.3%;

miR-146a accuracy of 86.6%;

miR-146b accuracy of 83%.
	Among the subjects with CP and DM in comparison with healthy subjects with CP, there was an increase in miRNAs, but this increase was not statistically significant (p > 0.05).
	miR-203 = optimal cutoff value was a Ct standardized < 7.66;

miR-155 = Ct value standardized < 8.95;

miR-146a = Ct value standardized < 11.3;

miR-146b = Ct value standardized < 9.34.



	3
	Elazazy O

[26]
	2021
	Case–control
	60
	DM2
	CP
	Serum + GCF
	mi-RNA (miR-223, miR-203, miR-200b)
	In serum

miR-223 = significant AUC (0.87) + sensitivity 88% and specificity 73%;

miR-200b = significant AUC (0.71) + sensitivity 63% and specificity 79%;

miR-203 showed less expression.
	Serum miR-223 (p = 0.00031);

serum miR-200b (p = 0.046);

miR-223 = positive correlation with CAL and PPD in both patient groups and with TNF-α (p < 0.05) in the CP group;

miR-200b = positive correlation with CAL, PPD, and TNF-α (p < 0.05) and negative with IL-10 in CP;

miR-203 = negative correlation with TNF-α (p < 0.05) in both groups.
	



	4
	Liu L

[15]
	2022
	Case–control
	97
	DM2
	Periodontal disease
	Serum + GCF
	mi-RNA (miR-223, miR-203, miR-200b, miR-106, miR-103)
	Serum miR-223 = sensitivity 60.6% and specificity 46.7%; AUC (0.643).

miR-200b = sensitivity 51.5% and specificity 92%; AUC (0.744).

GCF:

miR-223 = sensitivity 72.7% and specificity 89.3%; AUC (0.862).

miR-200b = sensitivity 75.58% and specificity 88.87%; AUC (0.880).
	Serum miR-223 (p = 0.056) and miR-200b (p = 0.06).

GCF: miR-223 (p < 0.001) and miR-200b (p = 0.005).
	



	5
	Jing Ni

[16]
	2023
	Case–control
	187
	DM2
	CP
	Saliva
	miR-25
	miR-25-3p used as a test to predict a diagnosis of periodontitis in patients with osteoporosis/DM2 = AUC (0.859) (sensitivity: 77.5%; specificity: 84%).

miR-25-3p used to predict a diagnosis of DM2 among healthy individuals = AUC (0.886) (sensitivity: 77.78%; specificity: 90.38%).
	Among patients with OP/DM2 and periodontitis, salivary expression of miR-25-3p increased as the values of PPD and CAL of the patients improved (p < 0.001).

It did not show correlation with other periodontal indicators (p > 0.05).
	



	6
	Sawangpanyangkura Teerat

[27]
	2022
	Pilot cross-sectional study
	40
	DMG
	CP
	GCF + blood
	mi-RNA (miR-223)
	
	miR-223 showed a significant difference between the GDM/P and GDM/NP groups (p = 0.04). miR-223 in GCF was positively correlated with periodontal parameters, including %PI, %BOP, and mean PD (p < 0.001, p < 0.001, p = 0.006, respectively).
	Relative expression levels of miR-223 in GCF:

In GDM/P: 2.40;

In GDM/NP: 0.69;

In NGDM/P: 1.58;

In NGDM/NP: 1.00.



	7
	Bachtiar BM

[25]
	2023
	Case–control
	29
	DM2
	Moderate-to-severe periodontitis
	Saliva
	mi-RNA

(miR-155)
	For miR-155 and TLR-4, (AUC) of predicted periodontitis = 0.83 + sensitivity 80% and specificity 100% for G1, and (AUC) = 0.88 + 90% sensitivity and 100% specificity for G2.
	miR-155: same expression between G1 and G2 (p < 0.05).
	In G1, salivary miR-155 expression level showed a significant positive correlation with TLR-4 mi-RNA expression (r = 0.77, p = 0.01), and in G2, a significant negative correlation with TLR-4 mi-RNA expression (r = −0.70, p = 0.009).







DM2 (Type 2 diabetes mellitus); CP (chronic periodontitis); GDM (gestational diabetes mellitus); PPD (probing pocket depth); CAL (clinical attachment level); OP (osteoporosis).













 





Table 3. KEGG pathways included.
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	KEGG Pathway
	Genes
	miRNAs
	Biological Process





	TFG-beta signaling pathway
	5
	3
	Immune R/Tissue homeostasis



	HIF-1 signaling pathway
	7
	3
	Pathological/physiological situations of hypoxia. Angiogenesis/Inflammatory P/Bone metabolism



	NOD-like receptor signaling pathway
	5
	3
	Immune R/Inflammatory P



	ErbB signaling pathway
	6
	4
	Epithelial adhesion/Inflammatory P



	PI3K-Akt signaling pathway
	17
	6
	Cellular metabolism/Inflammatory P



	Cell cycle
	10
	5
	Inflammatory P/Cellular metabolism



	RIG-I-like receptor signaling pathway
	7
	2
	Inflammatory P



	Neutrophin signaling pathway
	9
	5
	Nervous system and neuronal development/Metabolism and function



	Chagas disease
	8
	2
	Parasitic disease/Inflammatory P



	Apoptosis
	8
	3
	Immune R/Inflammatory P



	NF-kappa B signaling pathway
	8
	2
	Immune R/Inflammatory P



	Toll-like receptor signaling pathway
	10
	2
	Immune R/Inflammatory P



	HTLV-I infection
	11
	5
	Inflammatory P/Viral infection
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