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Abstract

:

Periodontal disease (PD) is prevalent in type 2 diabetic condition (T2DM). Objectives: We assessed the associations between serum or gingival crevicular fluid (GCF) endothelial and inflammatory mediators and chronic PD among T2DM Hispanic adults. Methods: We enrolled 248 Puerto Rican residents with T2DM aged 40–65 years. The exposures included serum inflammatory mediators (IL-1b, IL-6, IL-10, and TNF-α), endothelial adhesion molecules, RANKL levels, and the GCF content of these analytes from a subset of 158 samples. The outcomes included the percent of sites with a probing pocket depth (PPD) ≥ 4 mm and clinical attachment loss ≥ 4 mm. Adjusted logistic regression models were fit to the categorized outcomes. Results: Increased serum IL-10 (Adj. OR: 1.10, p = 0.04), sICAM-1 (Adj. OR: 1.01; p = 0.06), and elevated serum IL-1β (Adj. OR: 1.93; p = 0.06) were statistically significant or close to being significantly associated with a percent of sites with PPD ≥ 4 mm. An increase in GCF IL-1α (Adj. OR: 1.16; p < 0.01) and IL-1β (Adj: 2.40; p = 0.02) was associated with periodontal parameters. Conclusions: Our findings suggested that oral and systemic endothelial and inflammatory mediators are associated with periodontal clinical parameters among Hispanic adults with T2DM.
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1. Introduction


Diabetes mellitus (DM) is a group of metabolic disorders characterized by high blood glucose levels, or hyperglycemia. Diabetes is highly prevalent worldwide [1]. A total of 37.1 million US American adults 18 years or older were diagnosed with diabetes in 2019 [2]. Type 2 diabetes mellitus (T2DM) is the most common form of this disease and accounts for 90–95% of DM. T2DM results from insulin resistance and deficiency in compensatory insulin [3,4]. T2DM produces organ and tissue damage due to its complications [5]. One of these complications is periodontal disease (PD), which is considered to be the sixth most frequent complication of diabetes [6]. According to a recent meta-analysis, individuals with T2DM have a 34% increased risk of developing PD compared to individuals without T2DM [7]. This association is even more robust among Pima Indians, a population that may be comparable to the Caribbean Taino Indian ancestors of modern Puerto Ricans [8]. PD is three to four times more prevalent in individuals with T2DM compared to normoglycemic individuals [9]. The risk and severity of PD is proportional to the loss of glycemic control [10].



The biological mechanisms explaining the relationship between T2DM and PD involve a difference in oral microbiota and an exaggerated inflammatory response to bacterial challenge [11]. T2DM and PD may share underlying common biological pathways, the exacerbation of which may lead to an occurrence or a parallel occurrence (co-occurrence) of either or both health outcomes. These chronic health conditions often occur in the same individuals, acting as co-morbid conditions [12] that may work independently or adversely affect each other [10]. Host inflammatory responses and related factors (e.g., the effect of aging or the body metabolism, which possibly impact the restoration of tissue homeostasis resolution of the inflammation) may constitute the pathways underlying the co-occurrence of these diseases [10,11].



Previous works, including ours, support the idea that local inflammatory mediators that can be measured in gingival crevicular fluid (GCF) or systemic inflammatory mediators that can be measured in serum, such as IL-1α, IL-1β, IL-6, TNF-α, and IL-10, may contribute to periodontal soft- or hard-tissue destruction in individuals with T2DM [13,14,15]. In addition, hyperglycemia can act on the mesenchymal cells, including the periodontal ligament cells, osteoblasts, and osteocytes, and the activation of these cells can dysregulate the expression of the receptor activator of nuclear factor kappa-Β ligand (RANKL) and osteoprotegerin (OPG) via the NF-kB pathway, which is coupled with a reduction in alveolar bone formation and promote periodontal bone loss [16,17,18]. Moreover, the expression of factors by vascular endothelial cells may also contribute to the disease process, such as intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1) [19,20,21,22].



In contrast to pro-inflammatory mediators, studies have shown that PD is associated with a reduction in cells that cause the resolution of inflammation, such as T-regs or M2 macrophages, and a reduction in anti-inflammatory mediators, such as IL-10 [23,24]. The goal of this project was to examine local and systemic cytokine levels in an under-represented Hispanic population with T2DM, and determine whether systemic and local concentrations of inflammatory mediators were related to the extent of PD. Since Hispanics present with higher levels of T2DM and less is known about this population, we examined Hispanic subjects from Puerto Rico with T2DM and measured the GCF and serum levels of pro- and anti-inflammatory analytes, the marker of bone turnover, and the periodontal status of subjects with T2DM.




2. Materials and Methods


2.1. Study Population


We analyzed data from a sample of adults 40 to 65 years old with T2DM, non-institutionalized and primarily of Hispanic origin, who participated in the cross-sectional study “Lipid-lowering agents use in Periodontitis and Diabetes Study (LLIPDS).” The study was approved by the Institutional Review Board of the University of Puerto Rico (IRB # B0930116). The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2013.



We conducted this study between April 2017 and March 2020. Participants came from the Puerto Rico Center for Diabetes (PRCD) (50%), where the majority of T2DM individuals living in the San Juan municipality (the most populated area in PR) went for their routine health checkups; from the general population (45%), of which 7% came from the San Juan Overweight Adults Longitudinal Study (SOALS) project; and from COSSMA (5%), a private decentralized island-wide health care organization. The LLIPDS inclusion and exclusion criteria are described in detail elsewhere [25,26]. Some of the relevant criteria for this study were as follows: (1) age 40 to 65 years; (2) the presence of at least four natural teeth or no braces or orthodontic appliances; (3) no major CVD; and (4) no systemic complications, chronic inflammatory diseases, or infectious diseases within the previous 6 months. The total serum samples ranged from 192 to 248, depending on the marker under study, and were available to be used in the study. We also used a subset of 166 GCF samples to measure the GCF levels of the abovementioned analytes; a total of 1 to 13 had missing values, leaving the total GCF sample size ranging from 145 to 158 (Figure 1).




2.2. Periodontal Outcomes


The outcomes were assessed as described in previous LLIPDS publications [25,26]. The primary outcome was the percent of sites with PPD ≥ 4 mm [27], which was categorized into low, medium, or high tertiles. The secondary outcome was the tertile (high, medium, low) of the percent of sites with CAL ≥ 4 mm. We also recorded the plaque index performed at the six pre-selected teeth [28] and bleeding on probing (BOP) at any two of the six sites examined, one from the buccal surface and one from the lingual surface, per tooth [29]. This increases the measurement accuracy as the exact blood flow source was difficult to determine due to bleeding while probing and the blood flow from one site contaminating the other sites in the pocket [26]. All measurements were performed by trained and calibrated clinicians [30].




2.3. GCF and Serum Endothelial Adhesion Molecules and Inflammatory Markers


All participants fasted at least 10 h before the morning blood sample draw following a standard protocol. The blood samples were centrifuged at 3000 rpm for 15 min, after which the serum was stored at −80 °C until analyzed. A total of 248 individuals had measures of serum IL-1α, IL-1β, IL-10, TNF-α, sICAM-1, sVCAM-1, and RANKL analyzed by multiplex Luminex®200TM immunoassay or ELISA at the Multiplexing Core of the Forsyth Institute (Cambridge, MA, USA). The following were the intra-assay coefficient of variations (CVs) and the minimum sensitivity for each analyte, respectively: IL-1β: CV: 5.85%, minimum sensitivity: 0.8 pg/mL; IL-6: 5.34%, 1.7 pg/mL; IL-10: 6.79%, 1.6 pg/mL; RANKL: 13.87%, 4.7 pg/mL; TNF-α: 5.25%, 1.2 pg/mL; sICAM-1: 4.33%, 87.9 pg/mL; and sVCAM-1: 4.18%, 238 pg/mL.



We obtained a maximum of four GCF samples at the mesio-buccal inter-proximal site of the first molar of each participant quadrant. The corresponding site at the second molar, second pre-molar (PM), or first PM, in that order, was used in case the first molar was absent. The site was isolated with cotton rolls and air-dried. A PerioPaper strip (OraFlow Inc., Hewlett, NY, USA) was gently placed until it was held by the gingival margin without attempting to push it down into the pocket. The strip was placed into the crevice for 30 s before removing it. Periopaper strips contaminated with blood were discarded. Each sample was stored at −80 °C until further processing. A subset of 200 GCF samples were processed and analyzed for the levels of IL-1α, IL-1β, IL-10, TNF-α, RANKL, OPG, sICAM-1, and s-VCAM-1 using a multiplex Meso Scale Discovery immunoassay [31] or ELISA in the laboratory of the Center for Clinical and Translation Science (CCTS) at the University of Kentucky. Of the 200 GCF samples, 68 were from 34 participants with one diseased site (PPD ≥ 4 mm and CAL ≥ 3 mm) and one non-diseased site. Thus, we took the average levels from those two sites for the GCF levels of these participants. The remaining 132 GCF samples came from participants who had only diseased or non-diseased sites. The following are the intra-assay coefficient of variations (CVs, %), inter-assay CVs (%), and the minimum detectable values of each analyte, respectively: IL-1α: 6.59%, 10.27%, and 0.12 pg/mL; IL-1β: 3.43%, 6.67%, and 0.04 pg/mL; IL-10: 10.22%, 7.9%, and 0.02 pg/mL; RANKL: 10.91%, 6.53%, and 0.41 pg/mL; OPG: 7.72%, <15%, and 4.81 pg/mL; TNF-α: 9.37%, 7.87%, and 0.06 pg/mL; sICAM-1: 5.03%, 11.37%, and 1.21 pg/mL; and sVCAM-1: 5.82%, 6.47%, and 5.78 pg/mL.




2.4. Other Available Data


In the interest of brevity, we refer the reader to the previous LLIPDS publications for a complete list of items we collected [25,26]. A few of the more relevant items were as follows: demographic data; lifestyle health habits, including smoking status (never, former, or current), alcohol consumption (abstainer, former, or current), and exercise information (yes/no); diabetes duration (years); and detailed information on current medication use. The averages of three anthropometric measurements of waist circumference, height, and weight were obtained to the nearest 0.1 cm or 0.1 kg. Body mass index (BMI) was computed using the weight measure (in kg) and the square of the height measure (m). An average of three blood pressures was obtained. The fasting serum glucose, insulin, and lipid panel measurements were available [32], as was glycosylated hemoglobin (HbA1c %).




2.5. Statistical Analysis


We initially performed an exploratory data analysis to assess the pattern of distribution and the presence of outliers, and to check potential relationships between the variables of interest with the help of summary statistics and plots of the data. We described the general characteristics of and the distribution for both the GCF and the serum levels of the analytes by aspects of our primary outcome, such as the low vs. medium/high tertile categories of PPD ≥ 4 mm using the mean (standard deviation), the median (25th, 75th percentiles), or the frequency (percent). We assessed the potential correlations between the covariates and the independent variables to avoid including two highly correlated variables in the same statistical model; as per the results of this analysis, we entered the values one by one into our statistical models because most were highly correlated. We used generalized linear models with the binary family and logistic regression function to determine if there was an association between an increase in the level of each analyte and a higher level of the primary and secondary outcomes. We then added the study of the association with a binary variable among those markers, the increase in the levels of which were not associated with the outcomes, indicating whether participants’ levels of those markers were in the highest category. The analyte level was defined as the highest tertile distribution. We considered major non-dental factors for PD as potential confounding factors, including age; gender; years of education; BMI; smoking status; alcohol consumption; and exercise; as well as (for the change in estimate models) lipid panel levels, insulin, fasting glucose, or HbA1c; diabetes duration; and any self-reported use of anti-inflammatory agents, lipid-lowering agents, metformin or other glucose-lowering medications, medications intended to control insulin level, and blood pressure medications. We also added the plaque index to our models for further adjustment.





3. Results


The periodontal outcome parameter distributions, as well as the characteristics of the population by the primary periodontal outcome, are described in Table 1a,b, respectively. Approximately 63% of participants had a medium/high tertile percent of sites with PPD ≥ 4 mm (Table 1a).



This percentage varied between 1% and 68%, with an average of approximately 9.5%. The mean percent of sites with PPD ≥ 4 mm in the lowest tertile was 0. About 66% of the participants had a medium/high tertile percent of sites with CAL ≥ 4 mm; this percentage ranged from 1.4% to 82% with a mean of 14.7%. The mean percent of sites with the secondary outcome CAL ≥ 4 mm in the lowest tertile was 0.4%, ranging from 0 to 1.4%.



Participants with a medium/high percent of sites with PPD ≥ 4 mm were more likely to be male and less educated, and demonstrated poorer glycemic control (i.e., elevated glycated hemoglobin, HbA1c) than their participant counterparts (Table 1b).



Participants with a medium/high percent of sites with PPD ≥ 4 mm, compared to their peers with a low percent of such sites, also demonstrated poorer oral hygiene, as indicated by their higher mean plaque index and more tooth surfaces with BOP.



The distribution of the endothelial and inflammatory mediators and the inflammatory bone-related factors assessed from either serum or GCF by periodontal status appear in Table 2 and Table 3, respectively. Overall, the serum analyte levels appeared to be more prominent in those participants with medium/high levels of the percentage of sites with PPD ≥ 4 mm, compared with participants with the lowest percentage level (Table 2).



Notably, the serum levels of IL-10 (p = 0.04) and sICAM-1 (p = 0.09) were higher in medium/high percent of sites with PPD ≥ 4 mm. Regarding the GCF analytes (Table 3), the levels of most of the analytes, except sVCAM-1 and RANKLG/OPG were significantly higher in the medium/high percentage of sites with PPD ≥ 4 mm compared to that of the lowest percentage of sites with PPD ≥ 4 mm counterpart (all p-values < 0.05).



The crude odds ratio (OR) for the association between increase in serum IL-10 and a higher percentage of sites with PPD ≥ 4 mm was 1.09 (p = 0.03) (Table 4).



After we adjusted our models for age, gender, education, smoking status, alcohol status, BMI, mean plaque index, lipid-lowering agent (LLA) use, and HbA1c, the increase in serum IL-10 was associated with a 10% increase in the odds of a higher percent of sites with PPD ≥ 4 mm (adjusted (Adj.) OR: 1.10; p = 0.04). The crude and adjusted estimates for the association between an increase in serum sICAM-1 and a higher percentage of sites with PPD ≥ 4 mm remained borderline significant (Adj. OR: 1.00; p = 0.06). We did not find any statistically significant relationships between a possible increase in the serum levels of sVCAM-1, IL-1β, IL-6, TNF-α, or RANKL and the periodontal primary outcome among individuals with T2DM.



Our crude estimate for the association between an increase in serum IL-10 (mg/dL) and the periodontal secondary outcome, i.e., the percent of sites with CAL ≥ 4 mm was OR: 1.08 (p = 0.04). After model adjustment, this estimate lost its statistical significance (Adj. OR: 1.06; p = 0.15). We also did not find statistically significant associations between a possible increase in serum levels of sICAM-1, sVCAM-1, IL-1b, IL-6, TNF-α, or RANKL with a higher percentage of sites with CAL ≥ 4 mm.



The estimates for the association between the increase in GCF analyte levels and the periodontal parameters are presented in Table 5.



The crude ORs for the associations between an increase in GCF IL-1α or GCF IL-1β with a greater percentage of sites with PPD ≥ 4 mm were OR 1.19 (p = 0.001) and 2.91 (p = 0.002), respectively. This association remained statistically significant after model adjustment (Adj. ORIL-1α: 1.16; p <0.01; Adj. ORIL-1β: 2.40; p = 0.02). However, each unit increase in RANKL/OPG was borderline statistically significant and associated with a decreased adjusted OR, indicating a “protective effect” for having a greater percentage of sites with PPD ≥ 4 mm (Adj. OR RANKL/OPG: 0.20; p = 0.06). We observed no statistically significant association between each one standard deviation (SD) unit increase in GCF IL-10 or each one unit increase in TNF-α, sICAM-1, or sVCAM-1 and a larger percentage of sites with PPD ≥ 4 mm.



Similarly, an increase in GCF IL-1α or GCF IL-1β was associated with an increase in the odds of having a greater percent of sites with CAL ≥ 4 mm (Adj. OR IL-1α: 1.12; p = 0.02; Adj. OR IL-1β: 2.09; p = 0.03), while an increase in RANKL/OPG was associated with a statistically significant decrease in the odds of having a greater value of the secondary outcome (Adj. OR: 0.19; p = 0.04). The association between sVCAM-1 and the secondary outcome was borderline (Adj. OR: 0.99; p = 0.06).



We further analyzed the associations between elevated serum analyte levels or elevated GCF levels, which we defined as the highest tertile of the distribution (vs. low/medium tertiles), and the periodontal outcomes. There were borderline associations between elevated serum IL-1β (adj. OR: 1.93; p = 0.06) or sICAM-1 (adj. OR: 1.72; p = 0.08) and higher odds of having a higher percentage of sites with PPD ≥ 4 mm (Figure 2a).



The data consistently showed borderline or statistically significant associations between elevated levels of GCF IL-1α or GCF IL-1β and higher odds of having the primary outcome (Adj. OR IL-1α: 3.98; p< 0.01;Adj. OR IL-1β: 2.23; p = 0.09) or the secondary outcome (Adj. OR IL-1α: 3.63 p< 0.01;Adj. ORIL-1β: 2.92; p = 0.02) (Figure 2b above).



In addition, an elevated GCF sICAM-1 was associated with higher odds of having the PPD primary outcome (Adj. OR: 2.63; p = 0.04), while an elevated GCF IL-10 was associated with higher odds of having a greater value of the CAL secondary outcome (Adj. OR: 3.17; p = 0.01). Moreover, an elevated GCF sVCAM-1 was borderline statistically significant and associated with lower odds of having a greater percentage of CAL secondary outcome (Adj. OR: 0.39; p = 0.06). We did not find any association between elevated GCF TNF-α or GCF RANKL/OPG and the outcomes.




4. Discussion


In this study, we examined local and systemic pro- and anti-inflammatory mediator levels, markers of bone turnover and clinical periodontal parameters in Hispanics with T2DM. Our findings showed an increase in serum IL-10 and sICAM-1 levels and an elevated serum IL-1β level to be associated with a higher percentage of sites with PPD ≥ 4 mm, and that the level of association was significant or close to being significant. For GCF analyte levels, an increase in GCF IL-1α or GCF IL-1β was associated with a higher percentage of both periodontal parameters. Elevated GCF sICAM-1 was associated with only a higher percentage of PPD, while elevated GCF IL-10 was associated with only a higher percentage of CAL. Unexpectedly, an increase in GCF RANKL/OPG was associated with a lower percentage of both periodontal parameters, and an increase in level or elevated level of GCF sVCAM-1 was associated with a lower percentof sites with CAL ≥ 4 mm.



Our findings on the increase in serum IL-10 and a higher occurrence of periodontal parameters in individuals with T2DM are consistent with previous work [15]. A small clinical trial conducted to assess the effects of non-surgical periodontal therapy (NSPT) on serum IL-10 in individuals with T2DM showed a greater baseline level of IL-10, which may affect their findings [33]. In contrast, another study found no difference between baseline serum IL-10 levels across normoglycemic individuals, individuals with generalized PD, individuals who were pre-diabetic with generalized PD, and T2DM individuals with generalized PD [34]. Likewise, other studies showed no difference in serum IL-10 levels between individuals with chronic PD and T2DM compared to healthy individuals without PD or the other groups (PD+ T2DM− and PD-T2DM+) [35,36].



The elevated plasma/serum IL-10 we observed in individuals with T2DM is observed more frequently in the hyper-inflammatory states, as confirmed by a recent systematic meta-analysis [37]. Similar to COVID-19 infection, this phenomenon could be due to either a failure by IL-10 to suppress inflammation or IL-10 may have a dual role in inflammatory response in different settings [38].



We observed a trend in elevated GCF IL-10 with a higher percentage of sites with periodontal parameters, especially CAL ≥ 4 mm, indicating its possible pro-inflammatory property in T2DM+ individuals. Other studies showed a higher baseline GCF IL-10 among individuals with PD and T2DM+ compared to the other groups [34], or an elevated GCF IL-10 activity among T2DM+ individuals with severe PD compared to T2DM− individuals with the same PD status [39]. In contrast, findings in other studies showed less GCF IL-10 activity among adults with T2DM and PD compared to T2DM+ adults lacking PD, and the lowest IL-10 activity level was observed among adults with PD only [40].



Our data also showed that the increase in levels or the highest tertile of the serum and GCF levels of sICAM-1 is associated with a higher occurrence of percent of sites with PPD ≥ 4 mm. Although we did not find any association with serum sVCAM-1, we did observe a negative association between an increase in or elevated level of GCF sVCAM-1 and a low occurrence of the percent of sites with CAL ≥ 4 mm. Information concerning the association between these adhesion molecules and PD development in T2DM individuals is scarce. In another study, the group of individuals with PD and uncontrolled T2DM had the highest serum baseline sICAM-1 level, after whom came the group of individuals with PD and controlled T2DM compared to those of systemically healthy individuals with chronic PD [41]. We found no comparable report of GCF sICAM-1 or serum and GCF sVCAM-1, together with PD development in individuals with T2DM. Nonetheless, our recent findings for overweight or obese individuals showed a direct association between an elevated baseline serum sICAM-1 or sVCAM-1 and an indirect association between elevated baseline hs-CRP (via ICAM-1) and an increased risk of periodontitis at the 3-year follow-up visit [26]. In addition, elevated levels of sICAM-1 in both serum and GCF were reported in non-smokers with PD, and elevated serum sICAM-1 but not GCF sICAM-1 was observed in smokers with PD, suggesting the potential effect of smoking on the local level of sICAM-1 [42].



We did not find any associations between serum IL-1β, IL-6, or TNF-α and any of the periodontal parameters. Serum/plasma IL-β, IL-6, and TNF-α have been suggested to be elevated in individuals with both PD/gingivitis and T2DM compared to the PD+ T2DM−, PD− T2DM+, or PD− T2DM− groups [13,36,43,44]. Other researchers did not report the same trends [34,45,46].



We demonstrated that an increase in GCF IL-1α and IL-1β was associated with a large occurrence of periodontal parameters, but we did not find an association between GCF TNF-α and any of the periodontal parameters with T2DM+. In the literature, examinations concerning IL-1α and PD were mostly related to genotyping [47,48,49]. There is only a limited number of studies with a study design comparable to ours that also assessed the difference between PD+ and PD-T2DM individuals for GCF analyte levels. Perhaps the most abundant data is available for GCF IL-1β and TNF-α levels for T2DM+ and PD, but the findings remain heterogeneous, especially for GCF TNF-α. A recent systematic review and meta-analysis suggested GCF IL-1β is mostly higher in T2DM+ individuals with PD compared those with T2DM- and PD [50]. Some recent reports, including ours from the ARIC dental study data, suggested elevated GCF or baseline GCF levels of IL-1β or TNF-α in T2DM individuals with chronic periodontitis/gingivitis [13,34,51,52,53,54,55,56]. By contrast, no lower GCF TNF-α levels have been reported in T2DM individuals with chronic PD [40,50,54].



We did not find any association between the elevated serum level of RANKL and the occurrence of periodontal parameters among T2DM individuals. No difference was observed in the serum level of RANKL across individuals with PD and T2DM+ who were smokers or non-smokers and in systemically healthy individuals with PD [57]. In contrast, a higher baseline serum of RANK and RANKL/OPG and lower baseline serum of OPG were observed among individuals with PD and T2DM+ compared to those with T2DM- and PD+/− [58]. Our data showed an unusual increase in GCF RANKL/OPG associated with a lower occurrence in CAL secondary outcome. The GCF levels of sRANKL and RANKL/OPG have been observed to be up-regulated in T2DM individuals with chronic PD, and poor glycemic control appears to increase the ratio [54,59]. In summary, our findings suggested the involvement of GCF and possibly elevated serum endothelial and inflammatory mediators in a more prominent occurrence of periodontal parameters among Hispanic T2DM individuals. However, the other mediators we tested, including GCF RANKL/OPG and sVCAM-1, did not yield similar associations. Our recent results suggested an association between LLA use, a lower occurrence of periodontal parameters along with an equivalently lower serum/GCF sVCAM-1 or GCF sICAM-1, and unusually higher GCF RANKL/OPG [60]. However, as these LLIPDS participants reported taking an average of three types of diabetes-controlling medications, the medications might have influenced their analytes, which likely affected our results in unpredictable ways because little is known about such interactions. Nonetheless, our findings still suggest the presence of an inflammatory immune response imbalance against periodontal dysbiosis in individuals with T2DM.



Other than the race of the study sample, discrepancies between findings across the cited studies and ours might have been related to the differences in sample size, the study design, study populations, heterogeneity in periodontitis case definition(s) or periodontal parameter(s) employed, potential biases, and uncontrolled confounding factors. Most of the reports from the cited studies mentioned a small sample size, even if the report in question was based on the pre-PD treatment baseline data of a clinical trial on individuals with T2DM, thus limiting the interpretation of their findings. The other reasons for negative results could be the presence of unknown uncontrolled confounding factors due to the combined effects of multiple medications on the levels of the inflammatory mediators, which are difficult to disentangle.



The data in this study were collected before the most recent and inclusive classification of periodontal and peri-implant diseases in 2017 [61]. While the prevalence of periodontal disease can differ across the varieties of periodontitis and gingivitis case definitions, such as the CDC/AAP [62] or the 2017 AAP/EFP periodontitis classifications, the use of the percentage of diseased sites based on the periodontal pocket depth and clinical attachment levels instead intend to express (or determine) the extent of existing periodontal inflammation, such as the focus of our study. In addition, these parameters are typically used for each individual treatment plan and for mechanistic studies.



This is the first study to assess the effects of inflammation on periodontal health in Hispanics with T2DM. Our data provided both high-quality serum and GCF analyte measures as well as valid and reliable data with comprehensive periodontal measurements following the NHANES oral health protocol [63]. We also obtained data concerning an extensive array of factors likely related to periodontal health, and this data can be employed in further hypothesis generation. Our results may also provide insights into public health issues that need addressing among Hispanics with T2DM.



There are limitations that should be considered: Since this study was a non-probability convenience sample, our findings may not be generalized beyond the island-wide diabetic population residing in Puerto Rico. However, our examination of the main characteristics of the study population by the source of the participants (i.e., 50% T2DM participants from PRCD, 45% from the general population, and 5% from COSSMA), including age, gender, education, and smoking status, did not show any significant differences.



We examined various variables related to diabetes treatment, including medications, such as metformin and injectable insulin, as well as diabetes duration. These variables were correlated with ”HbA1c” and explained fewer outcomes than HbA1c. Therefore, we utilized the ”HbA1c” variable due to having fewer missing values compared to the other covariates. Furthermore, when we considered each covariate for a potential adjustment in our statistical models, “HbA1c” had the most significant impact on altering the associations when compared to other covariates. Due to statistical power constraints, subcategory analyses are discouraged as it might introduce a new bias and consequently be reported as a limitation.



We are aware that we might have had some selection bias affecting our results due to excluding participants with missing teeth if the reason(s) for this could be related to inflammatory mediators, their periodontal status, or both. Participants with surviving teeth may appear healthier with less PD than those with teeth extracted due to PD. However, periodontal research frequently suffers from this intrinsic bias, especially in retrospective analyses.



Recall bias for data obtained from participants via interview-based questionnaire concerning confounding factors, e.g., information on medication use, dosage, and duration of use, might also have occurred. However, we employed thorough but straightforward and neat questions on the topic of interest, intended to boost participants’ ability to remember without biasing their remembrance of the information-relevant memory due to their knowing precisely why we were asking.



Nonetheless, our use of a cross-sectional study design does not permit us to draw causal interpretations from our results due to the temporal sequence issue. Participants might have had high or low levels of periodontal parameters prior to the GCF or serum levels of the analytes we observed, yet due to our “keyhole” perception of the obtained data, we cannot work out the actual temporal sequence.



Our findings still have a substantial public health impact and value to other researchers in this area. Prevention or control of T2DM, along with improved oral hygiene control to prevent or manage oral and systemic inflammation, may also prevent or permit the management of extent PD, as these two conditions are likely related via systemic inflammation, albeit partly. The oral cavity mirrors an individual’s general health; thus, PD in the oral cavity may reflect existing, previously undetected, or exacerbated chronic systemic (or at least oral) inflammation in individuals with T2DM. On the other hand, although we did not examine this possibility, the prevention or control of PD may also help improve systemic inflammation in T2DM individuals.




5. Conclusions


In summary, our results suggest associations between oral and systemic endothelial along with inflammatory mediators and the more frequent occurrence of periodontal parameters in Hispanic adults with T2DM. However, further extensive prospective work is required to validate our findings.







Author Contributions


O.M.A. contributed to the study conception, design of the work, overall data acquisition, data analysis and interpretation, and drafted and critically revised the manuscript; R.A. contributed to the data analysis and interpretation, and critically revised the manuscript; A.K. contributed to the serum data acquisition and interpretation, and critically revised the manuscript; H.H. contributed to the study conception (dental training and calibration), data interpretation, and critically revised the manuscript; L.S. contributed to the gingival crevicular fluid data acquisition and interpretation, and critically revised the manuscript; and M.A.L. contributed to the design of the study, data acquisition and interpretation, writing of the manuscript, and critically revised the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the grant award K23 DE025313 (OMA) from the National Institute of Dental and Craniofacial Research, National Institutes of Health (NIDCR, NIH) and was supported by the grant # U54GM113807-01A-1 from the NIH, which funded the Hispanic Alliance for Clinical and Translational Research (former Puerto Rico Clinical and Translational Research Consortium, PRCTRC) and grant # UL1TR001998 from the National Center for Advancing Translational Sciences (NCATS, NIH), which funds the Center for Clinical and Translational Science (CCTS) at the University of Kentucky.




Institutional Review Board Statement


The study was approved by the human subject ethics board of the University of Puerto Rico Medical Sciences Campus [UPR Institutional Review Board, IRB # B0930116) and was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2013.




Informed Consent Statement


Signed informed consent was obtained from all participants prior to the performance of the study procedures. In addition, written informed consent has been obtained from the participants to publish this paper.




Data Availability Statement


The data and/or materials presented in this study are available upon request from the co-author, Dr. Oelisoa M Andriankaja (oelisoa.andriankaja@uky.edu). The data are not publicly available due to privacy and ethical restrictions.




Acknowledgments


The authors acknowledge the LLIPDS team (Francisco Jiménez, Francisco Muñoz-Torres, Abdiel Castillo, Claudia Díaz, Alexis Acevedo, Patricia Serrano, and Alejandro Llera) and all who participated in the study; the Alliance (formerly PRCTRC) personnel, who contributed to the conduct/oversight/planning of data collection of the study (administrative and regulatory affairs: Antonia Ortiz, Ivette Molina, and Adelma Rivera; nurses: Bárbara Guzmán, Sheyla Garced, Ladimila De Lima, and Robert Pinder; and laboratory work: Nilda González and Carola López-Cepero). The authors acknowledge Dana Graves and Kaumudi Joshipura, who provided help and advice in the participant recruitment and data collection. The authors also acknowledge the Puerto Rico Diabetes Center, COSSMA, and all participants who contributed to and participated in the study. We also thank Danielle Stephens and the team who provided the laboratory serum multiplex protein analysis services at the Multiplex Core at The Forsyth Institute (Cambridge, MA) and Jennifer Moylan and the team who provided the laboratory gingival crevicular fluid (GCF) Meso-scale Discovery protein analysis services at the CCTS at the University of Kentucky.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



IDF. IDF Diabetes Atlas 2022 Reports; Diabetes around the world; International Diabetes Federation: Brussels, Belgium, 2022. [Google Scholar]

	



CDC Prevalence of Both Diagnosed and Undiagnosed Diabetes; Centers For Disease Control and Prevention: Atlanta, GA, USA, 2019.

	



Roden, M.; Shulman, G.I. The Integrative Biology of Type 2 Diabetes. Nature 2019, 576, 51–60. [Google Scholar] [CrossRef] [PubMed]

	



Patlak, M. New weapons to combat an ancient disease: Treating diabetes. FASEB J. 2002, 16, 1853. [Google Scholar] [CrossRef] [PubMed]

	



Zheng, Y.; Ley, S.H.; Hu, F.B. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat. Rev. Endocrinol. 2018, 14, 88–98. [Google Scholar] [CrossRef] [PubMed]

	



Loe, H. Periodontal disease: The sixth complication of diabetes mellitus. Diabetes Care 1993, 16, 329–334. [Google Scholar] [CrossRef]

	



Wu, C.-Z.; Yuan, Y.-H.; Liu, H.-H.; Li, S.-S.; Zhang, B.-W.; Chen, W.; An, Z.-J.; Chen, S.-Y.; Wu, Y.-Z.; Han, B.; et al. Epidemiologic relationship between periodontitis and type 2 diabetes mellitus. BMC Oral Health 2020, 20, 204. [Google Scholar] [CrossRef]

	



Schroeder, H.; Sikora, M.; Gopalakrishnan, S.; Cassidy, L.M.; Delser, P.M.; Velasco, M.S.; Schraiber, J.G.; Rasmussen, S.; Homburger, J.R.; Ávila-Arcos, M.C.; et al. Origins and genetic legacies of the Caribbean Taino. Proc. Natl. Acad. Sci. USA 2018, 115, 2341–2346. [Google Scholar] [CrossRef]

	



Emrich, L.J.; Shlossman, M.; Genco, R.J. Periodontal disease in non-insulin-dependent diabetes mellitus. J. Periodontol. 1991, 62, 123–131. [Google Scholar] [CrossRef]

	



Kocher, T.; König, J.; Borgnakke, W.S.; Pink, C.; Meisel, P. Periodontal complications of hyperglycemia/diabetes mellitus: Epidemiologic complexity and clinical challenge. Periodontol. 2000 2018, 78, 59–97. [Google Scholar] [CrossRef]

	



Graves, D.T.; Ding, Z.; Yang, Y. The impact of diabetes on periodontal diseases. Periodontol. 2000 2020, 82, 214–224. [Google Scholar] [CrossRef]

	



Luong, A.; Tawfik, A.N.; Islamoglu, H.; Gobriel, H.S.; Ali, N.; Ansari, P.; Shah, R.; Hung, T.; Patel, T.; Henson, B.; et al. Periodontitis and diabetes mellitus co-morbidity: A molecular dialogue. J. Oral Biosci. 2021, 63, 360–369. [Google Scholar] [CrossRef]

	



Andriankaja, O.M.; Barros, S.P.; Moss, K.; Panagakos, F.S.; DeVizio, W.; Beck, J.; Offenbacher, S. Levels of serum interleukin (IL)-6 and gingival crevicular fluid of IL-1beta and prostaglandin E(2) among non-smoking subjects with gingivitis and type 2 diabetes. J. Periodontol. 2009, 80, 307–316. [Google Scholar] [CrossRef]

	



Graves, D.; Li, J.; Cochran, D. Inflammation and uncoupling as mechanisms of periodontal bone loss. J. Dent. Res. 2011, 90, 143–153. [Google Scholar] [CrossRef] [PubMed]

	



Mesia, R.; Gholami, F.; Huang, H.; Clare-Salzler, M.; Aukhil, I.; Wallet, S.M.; Shaddox, L.M. Systemic inflammatory responses in patients with type 2 diabetes with chronic periodontitis. BMJ Open Diabetes Res. Care 2016, 4, e000260. [Google Scholar] [CrossRef] [PubMed]

	



Wu, Y.-Y.; Xiao, E.; Graves, D.T. Diabetes mellitus related bone metabolism and periodontal disease. Int. J. Oral Sci. 2015, 7, 63–72. [Google Scholar] [CrossRef] [PubMed]

	



Shetty, B.; Divakar, D.D.; Al-Kheraif, A.A.; Alharbi, A.O.; Almutairi, M.S.T.; Alanazi, M.M. Role of PDT as an adjunct to SRP on whole salivary RANKL and OPG ratio in type-2 diabetic and normoglycemic individuals with chronic periodontitis. Photodiagn. Photodyn. Ther. 2021, 34, 102220. [Google Scholar] [CrossRef]

	



Ateeq, H.; Zia, A.; Husain, Q.; Khan, M.S.; Ahmad, M. Effect of inflammation on bones in diabetic patients with periodontitis via RANKL/OPG system-A review. J. Diabetes Metab. Disord. 2022, 21, 1003–1009. [Google Scholar] [CrossRef]

	



Chen, J.; Jiang, L.; Yu, X.-H.; Hu, M.; Zhang, Y.-K.; Liu, X.; He, P.; Ouyang, X. Endocan: A Key Player of Cardiovascular Disease. Front. Cardiovasc. Med. 2021, 8, 798699. [Google Scholar] [CrossRef]

	



Kirby, A.C.; Griffiths, G.; Gokbuget, A.; Newman, H.N.; Porter, S.R.; Olsen, I. Localized adhesion molecule expression and circulating LFA-3 levels in adult and early onset forms of periodontitis. J. Clin. Periodontol. 1999, 26, 793–801. [Google Scholar] [CrossRef]

	



Hosokawa, Y.; Hosokawa, I.; Ozaki, K.; Nakae, H.; Matsuo, T. Cytokines differentially regulate ICAM-1 and VCAM-1 expression on human gingival fibroblasts. Clin. Exp. Immunol. 2006, 144, 494–502. [Google Scholar] [CrossRef]

	



Lappin, D.F.; McGregor, A.M.P.; Kinane, D.F. The systemic immune response is more prominent than the mucosal immune response in the pathogenesis of periodontal disease. J. Clin. Periodontol. 2003, 30, 778–786. [Google Scholar] [CrossRef]

	



Uttamani, J.; Kulkarni, V.; Valverde, A.; Naqvi, R.; Nares, S.; Naqvi, A. Dynamic Changes in Macrophage Polarization during the Resolution Phase of Periodontal Disease. bioRxiv 2023. [Google Scholar] [CrossRef]

	



Kobayashi, R.; Kono, T.; Bolerjack, B.; Fukuyama, Y.; Gilbert, R.; Fujihashi, K.; Ruby, J.; Kataoka, K.; Wada, M.; Yamamoto, M.; et al. Induction of IL-10-producing CD4+ T-cells in chronic periodontitis. J. Dent. Res. 2011, 90, 653–658. [Google Scholar] [CrossRef] [PubMed]

	



Llera-Fábregas, A.; Pérez-Ríos, N.; Camacho-Monclova, D.M.; Ramirez-Vick, M.; Andriankaja, O.M. Diabetes self-care activities and perception and glycemic control in adult Puerto Rican residents with Type 2 Diabetes: The LLIPDS Study. J. Public Health Res. 2022, 11, 22799036221125337. [Google Scholar] [CrossRef]

	



Andriankaja, O.M.; Pérez, C.M.; Modi, A.; Suaréz, E.L.; Gower, B.A.; Rodríguez, E.; Joshipura, K. Systemic Inflammation, Endothelial Function, and Risk of Periodontitis in Overweight/Obese Adults. Biomedicines 2023, 11, 1507. [Google Scholar] [CrossRef] [PubMed]

	



Hirotomi, T.; Yoshihara, A.; Ogawa, H.; Ito, K.; Igarashi, A.; Miyazaki, H. A preliminary study on the relationship between stimulated saliva and periodontal conditions in community-dwelling elderly people. J. Dent. 2006, 34, 692–698. [Google Scholar] [CrossRef]

	



Silness, J.; Löe, H. Periodontal Disease in Pregnancy II. Correlation between Oral Hygiene and Periodontal Condtion. Acta Odontol. Scand. 1964, 22, 121–135. [Google Scholar] [CrossRef]

	



Andriankaja, O.M.; Muñoz-Torres, F.J.; Vivaldi-Oliver, J.; Leroux, B.G.; Campos, M.; Joshipura, K.; Pérez, C.M. Insulin resistance predicts the risk of gingival/periodontal inflammation. J. Periodontol. 2018, 89, 549–557. [Google Scholar] [CrossRef]

	



Rivas-Agosto, J.A.; Camacho-Monclova, M.D.; Vergara, J.L.; Vivaldi-Oliver, J.; Andriankaja, O.M. Disparities in Periodontal Disease Occurrence in a Hispanic Population with Type 2 Diabetes: The LLIPDS Study. EC Dent. Sci. 2021, 20, 109–118. [Google Scholar]

	



A Division of the Meso Scale Diagnostics, LLC. Meso Scale Diagnistics Technology Platform. Available online: https://www.mesoscale.com/~/media/files/brochures/techbrochure.pdf (accessed on 7 June 2023).

	



Joshipura, K.; Andriankaja, M.; Hu, F.; Ritchie, C. Relative utility of 1-h Oral Glucose Tolerance Test as a measure of abnormal glucose homeostasis. Diabetes Res. Clin. Pract. 2011, 93, 268–275. [Google Scholar] [CrossRef]

	



Correa, F.O.B.; Gonã§Alves, D.; Figueredo, C.M.S.; Bastos, A.S.; Gustafsson, A.; Orrico, S.R.P. Effect of periodontal treatment on metabolic control, systemic inflammation and cytokines in patients with type 2 diabetes. J. Clin. Periodontol. 2010, 37, 53–58. [Google Scholar] [CrossRef]

	



Rabelo, M.d.S.; Gomes, G.H.; Foz, A.M.; Stadler, A.F.; Cutler, C.W.; Susin, C.; Romito, G.A. Short-term effect of non-surgical periodontal treatment on local and systemic cytokine levels: Role of hyperglycemia. Cytokine 2021, 138, 155360. [Google Scholar] [CrossRef] [PubMed]

	



Acharya, A.B.; Thakur, S.; Muddapur, M.V. Evaluation of serum interleukin-10 levels as a predictor of glycemic alteration in chronic periodontitis and type 2 diabetes mellitus. J. Indian Soc. Periodontol. 2015, 19, 388–392. [Google Scholar] [CrossRef] [PubMed]

	



Miranda, T.S.; Heluy, S.L.; Cruz, D.F.; da Silva, H.D.P.; Feres, M.; Figueiredo, L.C.; Duarte, P.M. The ratios of pro-inflammatory to anti-inflammatory cytokines in the serum of chronic periodontitis patients with and without type 2 diabetes and/or smoking habit. Clin. Oral Investig. 2019, 23, 641–650. [Google Scholar] [CrossRef] [PubMed]

	



Zi, C.; He, L.; Yao, H.; Ren, Y.; He, T.; Gao, Y. Changes of Th17 cells, regulatory T cells, Treg/Th17, IL-17 and IL-10 in patients with type 2 diabetes mellitus: A systematic review and meta-analysis. Endocrine 2022, 76, 263–272. [Google Scholar] [CrossRef]

	



Islam, H.; Chamberlain, T.C.; Mui, A.L.; Little, J.P. Elevated Interleukin-10 Levels in COVID-19: Potentiation of Pro-Inflammatory Responses or Impaired Anti-Inflammatory Action? Front. Immunol. 2021, 12, 677008. [Google Scholar] [CrossRef]

	



Rangel, T.P.; Reis, A.A.; Caponi, L.; Pena, L.C.S.; Ruiz, K.G.S.; Santamaria, M.P.; Mathias-Santamaria, I.F.; Casati, M.Z.; Casarin, R.C.V. Subgingival endotoxin and lipoteichoic acid modulate cytokine production in diabetic subjects: A Case-control Study. Oral Dis. 2021, 27, 1325–1333. [Google Scholar] [CrossRef]

	



Mohamed, H.G.; Idris, S.B.; Ahmed, M.F.; Åstrøm, A.N.; Mustafa, K.; Ibrahim, S.O.; Mustafa, M. Influence of type 2 diabetes on local production of inflammatory molecules in adults with and without chronic periodontitis: A cross-sectional study. BMC Oral Health 2015, 15, 86. [Google Scholar] [CrossRef]

	



Tangxia, Y.; Yanbiao, Z.; Yun, Z.; Fantao, W.; Feng, W. Effect of non-surgical periodontal therapy on level of serum soluble intercellular adhesion molecule-1 and glycated hemoglobin A1c in patients with type 2 diabetes and chronic periodontitis. West China J. Stomatol. 2013, 31, 415–419. [Google Scholar]

	



Fraser, H.; Palmer, R.; Wilson, R.; Coward, P.; Scott, D. Elevated systemic concentrations of soluble ICAM-1 (sICAM) are not reflected in the gingival crevicular fluid of smokers with periodontitis. J. Dent. Res. 2001, 80, 1643–1647. [Google Scholar] [CrossRef]

	



Engebretson, S.; Chertog, R.; Nichols, A.; Hey-Hadavi, J.; Celenti, R.; Grbic, J. Plasma levels of tumour necrosis factor-alpha in patients with chronic periodontitis and type 2 diabetes. J. Clin. Periodontol. 2007, 34, 18–24. [Google Scholar] [CrossRef]

	



Acharya, A.B.; Thakur, S.; Muddapur, M.V.; Kulkarni, R.D. Tumor necrosis factor-alpha, interleukin-4 and -6 in the serum of health, chronic periodontitis, and type 2 diabetes mellitus. J. Indian Soc. Periodontol. 2016, 20, 509–513. [Google Scholar] [CrossRef] [PubMed]

	



Takeda, M.; Ojima, M.; Yoshioka, H.; Inaba, H.; Kogo, M.; Shizukuishi, S.; Nomura, M.; Amano, A. Relationship of serum advanced glycation end products with deterioration of periodontitis in type 2 diabetes patients. J. Periodontol. 2006, 77, 15–20. [Google Scholar] [CrossRef] [PubMed]

	



Longo, P.L.; Artese, H.P.C.; Rabelo, M.S.; Kawamoto, D.; Foz, A.M.; Romito, G.A.; Dib, S.A.; Mayer, M.P.A. Serum levels of inflammatory markers in type 2 diabetes patients with chronic periodontitis. J. Appl. Oral Sci. 2014, 22, 103–108. [Google Scholar] [CrossRef] [PubMed]

	



Guzman, S.; Karima, M.; Wang, H.; Van Dyke, T.E. Association between interleukin-1 genotype and periodontal disease in a diabetic population. J. Periodontol. 2003, 74, 1183–1190. [Google Scholar] [CrossRef]

	



Struch, F.; Dau, M.; Schwahn, C.; Biffar, R.; Kocher, T.; Meisel, P. Interleukin-1 gene polymorphism, diabetes, and periodontitis: Results from the Study of Health in Pomerania (SHIP). J. Periodontol. 2008, 79, 501–507. [Google Scholar] [CrossRef]

	



Linhartova, P.B.; Poskerova, H.; Tomandlova, M.; Bartova, J.; Kankova, K.; Fassmann, A.; Holla, L.I. Interleukin-1 Gene Variability and Plasma Levels in Czech Patients with Chronic Periodontitis and Diabetes Mellitus. Int. J. Dent. 2019, 2019, 6802349. [Google Scholar] [CrossRef]

	



Atieh, M.A.; Faggion, C.M.J.; Seymour, G.J. Cytokines in patients with type 2 diabetes and chronic periodontitis: A systematic review and meta-analysis. Diabetes Res. Clin. Pract. 2014, 104, e38–e45. [Google Scholar] [CrossRef]

	



Singhal, S.; Pradeep, A.R.; Kanoriya, D.; Garg, V. Human soluble receptor for advanced glycation end products and tumor necrosis factor-alpha as gingival crevicular fluid and serum markers of inflammation in chronic periodontitis and type 2 diabetes. J. Oral Sci. 2016, 58, 547–553. [Google Scholar] [CrossRef]

	



Javed, F.; Al-Askar, M.; Al-Hezaimi, K. Cytokine profile in the gingival crevicular fluid of periodontitis patients with and without type 2 diabetes: A literature review. J. Periodontol. 2012, 83, 156–161. [Google Scholar] [CrossRef]

	



Engebretson, S.P.; Hey-Hadavi, J.; Ehrhardt, F.J.; Hsu, D.; Celenti, R.S.; Grbic, J.T.; Lamster, I.B. Gingival crevicular fluid levels of interleukin-1beta and glycemic control in patients with chronic periodontitis and type 2 diabetes. J. Periodontol. 2004, 75, 1203–1208. [Google Scholar] [CrossRef]

	



Ribeiro, F.V.; de Mendonça, A.C.; Santos, V.R.; Bastos, M.F.; Figueiredo, L.C.; Duarte, P.M. Cytokines and bone-related factors in systemically healthy patients with chronic periodontitis and patients with type 2 diabetes and chronic periodontitis. J. Periodontol. 2011, 82, 1187–1196. [Google Scholar] [CrossRef] [PubMed]

	



Bastos, A.S.; Graves, D.T.; Loureiro, A.P.d.M.; Júnior, C.R.; Abdalla, D.S.P.; Faulin, T.D.E.S.; Câmara, N.O.; Andriankaja, O.M.; Orrico, S.R.P. Lipid peroxidation is associated with the severity of periodontal disease and local inflammatory markers in patients with type 2 diabetes. J. Clin. Endocrinol. Metab. 2012, 97, E1353–E1362. [Google Scholar] [CrossRef] [PubMed]

	



Santos, V.R.; Ribeiro, F.V.; Lima, J.A.; Napimoga, M.H.; Bastos, M.F.; Duarte, P.M. Cytokine levels in sites of chronic periodontitis of poorly controlled and well-controlled type 2 diabetic subjects. J. Clin. Periodontol. 2010, 37, 1049–1058. [Google Scholar] [CrossRef] [PubMed]

	



Miranda, T.S.; Napimoga, M.H.; Feres, M.; Marins, L.M.; da Cruz, D.F.; da Silva, H.D.P.; Duarte, P.M. Antagonists of Wnt/beta-catenin signalling in the periodontitis associated with type 2 diabetes and smoking. J. Clin. Periodontol. 2018, 45, 293–302. [Google Scholar] [CrossRef]

	



Xu, J.L.; Meng, H.X.; He, L.; Wang, X.E.; Zhang, L. The Effects of Initial Periodontal Therapy on the Serum Receptor Activator of Nuclear Factor-kappabeta Ligand/Osteoprotegerin System in Patients With Type 2 Diabetes Mellitus and Periodontitis. J. Periodontol. 2016, 87, 303–311. [Google Scholar] [CrossRef]

	



Santos, V.R.; Lima, J.A.; Gonçalves, T.E.D.; Bastos, M.F.; Figueiredo, L.C.; Shibli, J.A.; Duarte, P.M. Receptor activator of nuclear factor-kappa B ligand/osteoprotegerin ratio in sites of chronic periodontitis of subjects with poorly and well-controlled type 2 diabetes. J. Periodontol. 2010, 81, 1455–1465. [Google Scholar] [CrossRef]

	



Andriankaja, O.M.; Joshipura, K.; Levine, M.A.; Duconge, J.; Ramirez-Vick, M.; Guo, K.; Shaddox, L.; Kantarci, A.; Hasturk, H.; Adatorwovor, R.; et al. Lipid-Lowering Agents, Endothelial Function, and Inflammation in Type 2 Diabetes. J. Dent. Res. 2023. Abstract #0710. Available online: https://iadr.abstractarchives.com/abstract/52am-3830623/lipid-lowering-agents-endothelial-function-and-inflammation-in-type-2-diabetes (accessed on 7 June 2023).

	



Caton, J.G.; Armitage, G.; Berglundh, T.; Chapple, I.L.; Jepsen, S.; Kornman, K.S.; Mealey, B.L.; Papapanou, P.N.; Sanz, M.; Tonetti, M.S. A new classification scheme for periodontal and peri-implant diseases and conditions—Introduction and key changes from the 1999 classification. J. Clin. Periodontol. 2018, 45 (Suppl. S20), S1–S8. [Google Scholar] [CrossRef]

	



Eke, P.I.; Page, R.C.; Wei, L.; Thornton-Evans, G.; Genco, R.J. Update of the case definitions for population-based surveillance of periodontitis. J. Periodontol. 2012, 83, 1449–1454. [Google Scholar] [CrossRef]

	



Dye, B.A.; Li, X.; Lewis, B.G.; Iafolla, T.; Beltran-Aguilar, E.D.; Eke, P.I. Overview and quality assurance for the oral health component of the National Health and Nutrition Examination Survey (NHANES), 2009–2010. J. Public Health Dent. 2014, 74, 248–256. [Google Scholar] [CrossRef]








[image: Biomedicines 11 02770 g001] 





Figure 1. Selection of the 248 study participants, LLIPDS † (26 April 2017–9 March 2020). 
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Figure 2. (a,b) Inflammatory analytes comparing the odds ratios of low/medium vs. highest percent of sites with PPD ≥ 4 mm or CAL ≥ 4 mm for serum and GCF. 
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Table 1. (a) Distribution of periodontal parameters, N = 248. (b) General characteristics of Hispanic adults with type 2 diabetes by periodontal status, N = 248.
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(a)




	
Outcome

	
Tertile

n (%)

Mean ± SD (range) %




	
Percent of sites with PPD ≥ 4 mm

	
Low

	
Medium/High




	
93 (37%)

0%

	
155 (63%)

9.5 ± 12.0 (0.9–67.8)%




	
Percent of sites with CAL ≥ 4 mm

	
84 (34%)

0.4 ± 0.5 (0–1.4)%

	
164 (66%)

14.7 ± 16.0 (1.41–82.1)%




	
(b)




	
Characteristic

	
Low Tertile PD

N = 93 (37%)

	
Medium/High Tertile PD

N = 155 (63%)




	

	
Mean ± SD, Median

(q1, q3), N (%)

	
Mean ± SD, Median

(q1, q3), N (%)

	
p-Value




	
Age (yr.)

	
54.6 ± 5.8

	
54.3 ± 6.2

	
0.721




	
Male gender

	
30 (32.3)

	
78 (50.3)

	
0.005




	
Education (≤12 yrs.)

	
24 (25.8)

	
64 (41.3)

	
0.014




	
Smoking status

	

	

	
0.114




	
Never

	
67 (72.0)

	
93 (60.0)

	




	
Former

	
16 (17.2)

	
44 (28.4)

	




	
Current

	
10 (10.8)

	
18 (11.6)

	




	
Alcohol drinking (Current) †

	
37 (39.8)

	
68 (44.7)

	
0.447




	
Hypertension (yes)

	
64 (68.8)

	
101 (65.2)

	
0.555




	
BMI (kg/m2)

	
35.2 ± 12.1

	
35.1 ± 9.9

	
0.94




	
HbA1c (%)

	
7.7 ± 1.8

	
8.3 ± 2.0

	
0.024




	
HdL-C (mg/dL) ‡

	
49.2 ± 13.3

	
46.5 ± 13.0

	
0.108




	
Diabetes duration (yrs.) †

	
9.6 ± 6.5

	
11.4 ± 8.5

	
0.077




	
LLA current users (yes) §

	
52 (55.9)

	
79 (51.0)

	
0.45




	
LLA duration of use (yrs.) §

	
0.5 (0, 3.7)

	
0.05 (0,5)

	
0.374




	
Anti-inflammatory agents (yes) †

	
9 (9.7)

	
8 (5.2)

	
0.173




	
Mean Plaque index †

	
0.9 ± 0.5

	
1.1 ± 0.6

	
0.025




	
Tooth brushing (≥ twice/day)

	
17(17.9)

	
27 (17.7)

	
0.9




	
Missing teeth

	
2.8 ± 3.5

	
2.2 ± 2.4

	
0.133




	
Bleeding on probing (%)

	
18.5 ± 10.1

	
25.0 ± 12.3

	
<0.001




	
Exercise (yes) †

	
29 (31.5)

	
46 (29.9)

	
0.785








† Missing values: diabetes duration 11, alcohol consumption 2; plaque index 7, exercise 2; ‡ High-density lipoprotein-cholesterol; § LLA: lipid-lowering agents. p-values in bolds are statistically significant (p < 0.05) or close to being significant (p < 0.10).













 





Table 2. Distribution of the serum biomarkers by periodontal status, N = 248.
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Biomarker (pg/mL)

	
Low Tertile PD

n = 93 (37%)

	
Medium/High Tertile PD

n = 155 (63%)

	




	

	
Median (q1, q3)

	
Median (q1, q3)

	
p-Value ‡

	
Missing Value






	
IL-1b

	
2.8 (0.9, 4.0)

	
3.3 (2.3, 5.1)

	
0.109

	
56




	
IL-6

	
5.3 (3.8, 6.4)

	
5.3 (3.7, 7.2)

	
0.822

	




	
TNF-α

	
9.6 (7.1, 12.1)

	
10.0 (7.1, 13.0)

	
0.540

	




	
IL-10

	
8.8 (6.4, 11.5)

	
9.8 (7.4, 12.7)

	
0.043

	
45




	
sICAM-1 †

	
44.5 (32.1, 54.5)

	
46.5 (36.1,72.4)

	
0.093

	




	
sVCAM-1 †

	
69.5 (56.0, 85.8)

	
71.8 (55.5, 90.7)

	
0.747

	




	
RANKL

	
15.9 (10.7, 22.2)

	
15.9 (11.1, 24.0)

	
0.673

	
11








† value/104, ‡ Wilcoxon rank-sum test for comparison of the medians between two groups. p-values in bolds are statistically significant (p < 0.05) or close to being significant (p < 0.10).













 





Table 3. Distribution of the GCF biomarkers by periodontal status, N = 158.






Table 3. Distribution of the GCF biomarkers by periodontal status, N = 158.





	
Biomarker (pg/mL)

	
Low Tertile PD

n = 52 (33%)

	
Medium/High Tertile PD

n = 106 (67%)

	




	

	
Median (q1, q3)

	
Median (q1, q3)

	
p-Value §

	
Missing Value






	
IL-1a †

	
2.06 (0.76, 4.22)

	
4.36 (2.01, 8.36)

	
0.0001

	




	
IL-1b †

	
0.29 (0.10, 0.58)

	
0.59 (0.32, 1.33)

	
0.0002

	




	
IL-10 ‡

	
0.34 (0.17, 0.80)

	
0.59 (0.29, 1.27)

	
0.007

	
1




	
TNF-α

	
0.31 (0.11, 0.67)

	
0.51 (0.17, 0.90)

	
0.043

	
3




	
sICAM-1 †

	
1.95 (0.83, 3.75)

	
3.52 (1.44, 6.31)

	
0.020

	




	
sVCAM-1 †

	
0.27 (0.13, 0.48)

	
0.32 (0.11, 0.61)

	
0.560

	
12




	
RANKL/OPG

	
0.09 (0.05, 0.14)

	
0.09 (0.04, 0.16)

	
0.787

	
13








† value/102; ‡ value/SD; § Wilcoxon rank-sum test for comparison of the medians between two groups. p-values in bolds are statistically significant (p < 0.05) or close to being significant (p < 0.10).













 





Table 4. Odds ratios (OR), 95% CI of the associations between serum biomarkers and percent of sites with PPD ≥ 4 mm or percent of sites with CAL ≥ 4 mm.






Table 4. Odds ratios (OR), 95% CI of the associations between serum biomarkers and percent of sites with PPD ≥ 4 mm or percent of sites with CAL ≥ 4 mm.





	

	
Low vs. Medium/High Percent of Sites with PPD ≥ 4 mm




	
Biomarker (pg/mL)

	
Crude OR (95% CI)

	
p-Value

	
Adjusted OR (95% CI) ‡

	
p-Value






	
IL-1b

	
1.08 (0.97–1.21)

	
0.154

	
1.09 (0.97–1.24)

	
0.155




	
IL-6

	
1.03 (0.97–1.10)

	
0.357

	
1.04 (0.96–1.13)

	
0.364




	
IL-10

	
1.09 (1.01–1.17)

	
0.028

	
1.10 (1.01–1.20)

	
0.033




	
TNF-a

	
1.03 (0.98–1.09)

	
0.228

	
1.03 (0.97–1.09)

	
0.384




	
sICAM-1 †

	
1.01 (1.00–1.01)

	
0.074

	
1.01 (1.00–1.02)

	
0.060




	
sVCAM-1 †

	
1.00 (0.99–1.01)

	
0. 699

	
1.00 (0.99–1.01)

	
0.798




	
RANKL

	
1.00 (0.99–1.00)

	
0.440

	
1.00 (0.99–1.00)

	
0.376




	

	
Low vs. Medium/High Percent of Sites with CAL ≥ 4 mm




	
Biomarker (pg/mL)

	

	

	

	




	
IL-1b

	
1.07 (0.95–1.19)

	
0.251

	
1.08 (0.95–1.23)

	
0.252




	
IL-6

	
1.00 (0.96–1.04)

	
0.994

	
0.99 (0.95–1.04)

	
0.668




	
IL-10

	
1.08 (1.00–1.17)

	
0.038

	
1.06 (0.98–1.16)

	
0.152




	
TNF-a

	
1.04 (0.98–1.10)

	
0.170

	
1.01 (0.95–1.08)

	
0.665




	
sICAM-1 †

	
1.00 (1.00–1.01)

	
0.186

	
1.00 (1.00–1.01)

	
0.286




	
sVCAM-1 †

	
1.00 (0.99–1.01)

	
0.672

	
1.00 (0.99–1.00)

	
0.338




	
RANKL

	
1.01 (0.99–1.03)

	
0.281

	
1.01 (0.99–1.04)

	
0.256








† value/104; ‡ adjusted for age, gender, education, smoking and alcohol status, BMI, mean plaque index, lipid-lowering agents (LLA) use, and HbA1c. p-values in bolds are statistically significant (p < 0.05) or close to being significant (p < 0.10).













 





Table 5. Odds ratios (OR), 95% CI of the associations between GCF biomarkers and percent of sites with PPD ≥ 4 mm or percent of sites with CAL ≥ 4 mm).






Table 5. Odds ratios (OR), 95% CI of the associations between GCF biomarkers and percent of sites with PPD ≥ 4 mm or percent of sites with CAL ≥ 4 mm).





	

	
Low vs. Medium/High Percent of Sites with PPD ≥ 4 mm




	
Biomarker (pg/mL)

	
Crude OR (95% CI)

	
p-Value

	
Adjusted OR (95% CI) §

	
p-Value






	
IL-1a †

	
1.19 (1.07–1.32)

	
0.001

	
1.16 (1.04– 1.30)

	
0.008




	
IL-1b †

	
2.91 (1.49–5.67)

	
0.002

	
2.40 (1.16–4.99)

	
0.019




	
IL-10 ‡

	
1.30 (0.85–2.01)

	
0.227

	
1.22 (0.76–1.97)

	
0.404




	
TNF-a

	
1.51(0.84–2.71)

	
0.169

	
1.48 (0.80–2.76)

	
0.213




	
sICAM-1 †

	
1.00 (1.00–1.00)

	
0.067

	
1.00 (1.00–1.00)

	
0.102




	
sVCAM-1 †

	
1.00 (1.00– 1.01)

	
0.337

	
1.00 (0.99–1.01)

	
0.601




	
RANKL/OPG

	
0.49 (0.13–1.89)

	
0.300

	
0.20 (0.04–1.10)

	
0.064




	

	
Low vs. medium/high percent of sites with CAL ≥ 4 mm




	
Biomarker (pg/mL)

	

	

	

	




	
IL-1a †

	
1.13 (1.04–1.23)

	
0.005

	
1.12 (1.02– 1.23)

	
0.017




	
IL-1b †

	
2.37 (1.33–4.24)

	
0.004

	
2.09 (1.10–3.99)

	
0.025




	
IL-10 ‡

	
1.54 (0.95– 2.50)

	
0.078

	
1.48 (0.90–2.44)

	
0.120




	
TNF-a

	
1.43 (0.83–2.48)

	
0.199

	
1.43 (0.80–2.56)

	
0.228




	
sICAM-1 †

	
1.00 (1.00–1.00)

	
0.977

	
1.00 (1.00–1.00)

	
0.761




	
sVCAM-1 †

	
1.00 (0.99– 1.00)

	
0.408

	
0.99 (0.98–1.00)

	
0.064




	
RANKL/OPG

	
0.35 (0.09–1.41)

	
0.139

	
0.19 (0.04–0.94)

	
0.041








† value/102; ‡ value/SD; § adjusted for age, gender, education, smoking and alcohol status, BMI, mean plaque, index, lipid-lowering agents (LLA) use, and HbA1c. p-values in bolds are statistically significant (p < 0.05) or close to being significant (p < 0.10).
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