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Objective

The aim of this study was to analyze the cultivable oral microbiota of patients with obstructive sleep apnea (OSA) and its association with the periodontal condition.



Methods

The epidemiology profile of patients and their clinical oral characteristics were determined. The microbiota was collected from saliva, subgingival plaque, and gingival sulcus of 93 patients classified into four groups according to the periodontal and clinical diagnosis: Group 1 (n = 25), healthy patients; Group 2 (n = 17), patients with periodontitis and without OSA; Group 3 (n = 19), patients with OSA and without periodontitis; and Group 4 (n = 32), patients with periodontitis and OSA. Microbiological samples were cultured, classified, characterized macroscopically and microscopically, and identified by MALDI-TOF-MS. The distribution of complexes and categories of microorganisms and correlations were established for inter- and intra-group of patients and statistically evaluated using the Spearman r test (p-value <0.5) and a multidimensional grouping analysis.



Result

There was no evidence between the severity of OSA and periodontitis (p = 0.2813). However, there is a relationship between the stage of periodontitis and OSA (p = 0.0157), with stage III periodontitis being the one with the highest presence in patients with severe OSA (prevalence of 75%; p = 0.0157), with more cases in men. The greatest distribution of the complexes and categories was found in oral samples of patients with periodontitis and OSA (Group 4 P-OSA); even Candida spp. were more prevalent in these patients. Periodontitis and OSA are associated with comorbidities and oral conditions, and the microorganisms of the orange and red complexes participate in this association. The formation of the dysbiotic biofilm was mainly related to the presence of these complexes in association with Candida spp.



Conclusion

Periodontopathogenic bacteria of the orange complex, such as Prevotella melaninogenica, and the yeast Candida albicans, altered the cultivable oral microbiota of patients with periodontitis and OSA in terms of diversity, possibly increasing the severity of periodontal disease. The link between yeasts and periodontopathogenic bacteria could help explain why people with severe OSA have such a high risk of stage III periodontitis. Antimicrobial approaches for treating periodontitis in individuals with OSA could be investigated in vitro using polymicrobial biofilms, according to our findings.





Keywords: cultivable oral microbiota, periodontitis, obstructive sleep apnea, MALDI-TOF-MS, Candida albicans



Introduction

Periodontitis is a chronic infectious disease that affects approximately 50% of adults in the world (Genco and Sanz, 2020). This infection is caused by pathogenic microbial communities known as dysbiotic microbiota. The dysbiotic microbiota produce an inflammatory response of the periodontal tissue resulting in the formation of periodontal pockets, progressive loss of periodontal attachment with the destruction of soft and hard supporting periodontal tissues, and loss of teeth (Hajishengallis and Korostoff, 2017).

This dysbiotic microbiota was described by Socransky (Socransky et al., 1998) who identified genera of microorganisms with certain pathogenicity factors that facilitate the colonization of periodontal tissue. In this way, he proposed six microbial complexes present in subgingival plaque recognized by colors: the yellow complex (Streptococcus spp.), the blue complex (Actinomyces spp.), the purple complex (Veillonella spp.), the green complex (Eikenella spp., Capnocytophaga spp., and Campylobacter spp.), the orange complex (Eubacterium sp., Fusobacterium spp., Parviomonas sp., Prevotella spp., Slackia sp., and S. constellatus), and the red complex (Porphyromonas sp., Tanarella sp., and Treponema sp.). The last two complexes are recognized for grouping the bacteria considered periodontal–pathogenic. Therefore, the periodontal–pathogenic dysbiotic microbiota, which is mostly bacterial, is strongly related to periodontitis as a determining factor in the inflammatory reaction of the periodontal tissues that results in systemic inflammatory events. (Lamont et al., 2018), triggering an exacerbated chronic inflammatory response, which is associated with systemic diseases, such as cardiovascular diseases (CVDs) (Bui et al., 2019), diabetes mellitus (Escobar et al., 2014), and obstructive sleep apnea (OSA) (Gamsiz-Isik et al., 2017).

OSA is a sleep-disordered breathing that occurs when the soft tissues around the upper airway collapse, partially or completely obstructing airflow despite the increased ventilatory effort. It is probably the most common sleep respiratory disorder in adults. OSA is more prevalent in men, and it becomes similar in both sexes after menopause (Ruiz et al., 2016; Hidalgo-Martínez and Lobelo, 2017). In recent years, OSA has been related to periodontitis. Previous studies have shown that people with OSA have a higher risk of severe periodontitis than people without sleep apnea and that periodontitis is more frequent in young adults with mild OSA (Gunaratnam et al., 2009; Seo et al., 2013; Sanders et al., 2015; Cuervo et al., 2016).

Different mechanisms involving genetic, immunological, and microbiological factors (Al-Jewair et al., 2015; Cade et al., 2016; Nizam et al., 2016; Zhang et al., 2021) have been suggested for the cause–effect relationship between OSA and periodontitis. The genetic predisposition, the inflammatory response shared in both diseases (Nizam et al., 2016), and the oral dryness (Seo et al., 2013) have been described among the hypotheses proposed to explain the increase in periodontitis in patients with OSA. Oral dryness decreases the ability of the immune system to respond to infections, alters bone remodeling stimulated by hypoxia, and increases CO2 levels (Nizam et al., 2016), enabling an environment that allows the colonization of a different polymicrobial and dysbiotic microbiota, in such a way that there may be a synergistic effect among these factors. Consequently, environmental changes in the oral cavity due to the relationship between periodontitis and OSA would allow associations of bacteria and yeasts (Vieira Colombo et al., 2016; Janus et al., 2017), which can form polymicrobial biofilms in the gingival sulcus. An in vitro study showed that Porphyromona gingivalis’ InlJ protein and Candida albicans’ hyphal protein Als3 facilitate the adhesion between the two microorganisms and cause significant changes in gene expression by P. gingivalis, thereby increasing the pathogenic potential of this bacteria (Sztukowska et al., 2018). In addition, a study revealed that C. albicans biofilms encourage the growth of anaerobic bacteria by removing the oxygen that is present and creating a hypoxic microenvironment (Fox et al., 2014).

Therefore, the presence of Candida spp. could play an important role in the progression of periodontitis due to its ability to colonize gingival tissue in greater proportion (Tamai et al., 2011; Canabarro et al., 2013; Arumugam, 2015). However, some authors still consider that there is little evidence for the association between periodontitis and OSA, the pathophysiological mechanisms, and the cause–effect relationship between both pathologies (Lembo et al., 2021). Then, it is necessary to start with a periodontal clinic analysis of the microbiological aspects present in patients with these pathologies and their relationship with the periodontal condition and the systemic factors that the patients are exposed to.

Proteomic tools such as Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) allow the identification of microorganisms from libraries that store the mass spectrum of their cytoplasmic proteins, especially chaperones and ribosomal proteins. This technology allows the quick identification of up to 200 microorganisms as bacteria and yeasts, both aerobic and anaerobic (Barberis et al., 2014; Antezack et al., 2020). In this study we used MALDI-TOF MS to determine the microbial composition of cultivable oral microbiota (yeast and bacteria) in patients with OSA and its association with the periodontal condition.



Materials and methods


Patients/study population

A convenience sample of 93 eligible participants that fulfilled the inclusion criteria (56 women and 37 men aged 30–72 years) were enrolled from the Sleep Clinic of the Hospital Universitario San Ignacio and the Sleep Clinic of the Faculty of Dentistry at the Pontificia Universidad Javeriana-PUJ, Bogotá, D.C., Colombia with a polysomnographic diagnosis for OSA, and were included in the present study between April 2019 and March 2021. This study was carried out following the Declaration of Helsinki of 1975 revised in 2000 and approved by the Research and Ethics Committee of the Faculty of Dentistry at the Pontificia Universidad Javeriana-PUJ (CIEFOUJ 016B). Informed consent was obtained from all patients after the explanation of conditions and before their clinical examination.

The inclusion criteria were as follows: (1) adults over 30 years old; (2) having at least six teeth in their mouth; and (3) having a polysomnographic study done no more than 6 months before. The exclusion criteria were as follows: (1) smoker; (2) diabetic; (3) having taken antibiotics in the last 3 months; (4) no previous periodontal treatment in the last 3 months; (5) treated with continuous positive airway pressure (CPAP) or bilevel positive airway pressure (BPAP); and (6) having received a pharmacological or surgical treatment for OSA.

All patients were diagnosed by a sleep medicine pulmonologist. The apnea–hypopnea index (AHI) described in the polysomnogram was used to determine the presence and severity of OSA. AHI was calculated as the total number of apneas and hypopneas per hour of sleep. The occurrence of OSA was determined with an AHI score >5; mild OSA with an AHI of 5–15; moderate OSA with an AHI of 16–30; and severe OSA with an AHI >30 (Sateia, 2014). To determine the presence of periodontitis, all patients were examined at the clinic of the Faculty of Dentistry of the PUJ. Panoramic x-rays of each patient were taken and then the specialists in periodontics followed the same protocol to make the periodontal diagnosis of periodontitis stages I, II, III, and IV according to the 2017 World Workshop on the Classification of Periodontal and Peri-implant Diseases and Conditions (Caton et al., 2018). Periodontal probing was performed by two calibrated periodontists who used a North Carolina (Hu-Friedy®) probe to determine the insertion level, the gingival margin, and the pocket depth. Data from six points around the tooth were collected and bleeding with probing was determined. The presence of biofilm was determined with the O’Leary index (O’Leary et al., 1972). Patients were considered periodontally healthy if they did not bleed while probing and had a pocket depth of less than 3 mm.

The demographic data of the participants were recorded in the medical history, including age, sex, and medical records. The participants were assigned to one of four groups according to the severity of their OSA and their periodontal diagnosis, as follows: Group 1 (H), healthy patients: non-periodontitis and non-OSA (n = 25); Group 2 (P), periodontitis and non-OSA patients (n = 17); Group 3 (OSA), OSA and non-periodontitis patients (n = 19); and Group 4 (P-OSA), periodontitis and OSA patients (n = 32).



Oral sample collection

There was no periodontal stimulus performed prior to the collection of the samples (probing, prophylaxis, and calculus removal). Three samples (saliva, subgingival plaque, and gingival sulcus) were taken from the oral cavity of patients. First, they were asked to simply spit into polypropylene tubes containing thioglycolate medium (Oxoid®) to collect approximately 1 ml of unstimulated saliva (Nizam et al.,2014). Immediately, the gingival sulcus sample was collected, performing a relative isolation of the area of the tooth of interest with gauze and cotton rolls, and constant drying with cotton swabs to eliminate saliva contamination. In healthy patients, the gingival sulcus sample collection was any area without bleeding, while in patients with periodontitis, this sample was at a site diagnosed with periodontitis. This sample was taken by inserting standardized absorbent papers (Periopapers, Oral Flow®, Plainview, NY), approximately 3 mm for 30 s into the periodontal sulcus, which were then put into PBS to elute the Periopaper content by vortexing for 10 s and subsequently transferred to polypropylene tubes containing thioglycolate medium (Gamsiz-Isik et al., 2017). The supragingival plaque was removed with a sterile curette and gauze before obtaining the subgingival plaque sample, which was collected with a curette and introduced into polypropylene tubes containing thioglycolate medium (Nizam et al., 2016). The samples were stored at 4°C during transportation until arrival at the laboratory to be processed.



Microbial identification by MALDI-TOF-MS

All oral samples were centrifuged at 4,000 ×g for 20 min and the pellet was resuspended in 1 ml of thioglycolate medium. A suspension aliquot was cultivated in BBL Columbia Agar™ with 5% sheep blood and another one in Sabouraud agar (Merck®), and incubated at 37°C for 2 and 7 days in anaerobiosis and aerobiosis conditions, respectively. At the end of the incubation time, each type of microbial colony was characterized macroscopically and microscopically and identified by mass spectrometry with MALDI-TOF MS, using the MALDI Biotyper® system (Bruker Daltonics Inc., Billerica, MA). For this procedure, the direct method for extracting proteins from microorganisms in plaque was performed applying a small amount of colony on a plaque of the MALDI in duplicate, allowing it to dry at room temperature. Subsequently, 1 μl of formic acid was added to the colonies allowed to dry and then 1 μl of the matrix solution (alpha-cyano-4-hydroxycinnamic acid) was added to extract proteins, mainly ribosomal ones present in high concentrations, and again allowed to dry at room temperature. Once this procedure was performed, the mass spectra were acquired using MALDI-TOF-MS equipment (Microflex from® Burker Daltonik Inc). The mass spectra were analyzed within a range of 2,000 to 20,000 m/z. The MALDI Biotyper version 3.0 library and the MALDI Biotyper version 3.1 software were used for identification considering the cutoff scores ‗1.5 for the genus level and ‗1.7 for the species level. Finally, once the colonies were identified, they were stored at −70°C in thioglycolate medium with 20% glycerol for further studies.



Statistical analysis

The first part of this research consisted in the characterization and level of the microbiota for each group. Then, the relative abundances of microorganisms were quantified according to Socransky’s microbial complexes (Socransky et al., 1998), adding three categories: yeasts (Candida spp.), microorganisms of the oral cavity not classified in the complexes (Lactobacillus spp.), and other microorganisms neither classified in the complexes nor associated with specific pathologies in the oral cavity (Staphylococcus spp., Rothia spp., Cutibacterium spp., and Atopobium spp.). In the second part, tests were carried out to compare the relative abundance of each category of microorganisms for each type of sample (saliva, subgingival plaque, and gingival sulcus) within each group of patients. The comparison of the relative abundances of microorganisms among the different groups of patients was carried out (p-value <0.5). Finally, association tests were performed within each group using the Spearman r test (p-value <0.5) and a multidimensional grouping analysis according to the abundance of microorganisms common among the groups of patients. The tests GraphPad Prism 9.0.2 (GraphPad Software, California, USA), the free software R 4.01 license GPNU (Free Software Foundation, Boston, USA), and XLSTAT statistical and data analysis solution (Addinsoft, New York, USA) were used.




Results

The demographic data, medical history and periodontal parameters of the patients are presented in Table 1. The ratio of women to men was high in all groups, except in the Group 4 (P-OSA), where there was a higher percentage of men. The periodontal clinical parameters showed statistically significant differences between Group 1 (H) and the other groups of patients (p < 0.05) in relation to the percentage of teeth with periodontitis and the percentage of biofilm (Table 1).


Table 1 | Demographic data and clinical characteristics of the groups of patients.



Regarding the periodontal condition, it was evidenced that 56% of patients in Group 1 (H) had biofilm-induced gingivitis in a reduced periodontium vs. clinical gingival health on an intact periodontium (p = 0.000419), followed by stable periodontal disease in a reduced periodontium with a 32% prevalence vs. clinical gingival health on an intact periodontium (p = 0.03248). These conditions are considered in healthy patients according to the latest classification of periodontal diseases (Caton et al., 2018). In Group 2 (P), 65% of patients presented stage III periodontitis vs. stage I periodontitis (p = 0.0012). In Group 3 (OSA), 79% of patients presented biofilm-induced gingivitis in a reduced periodontium vs. Group 1 (p = 0.024). In Group 4 (P-OSA), 81% of the patients presented stage III periodontitis vs. Groups 1 and 3 (p < 0.0001). Regarding the diagnosis of OSA according to the degree of severity in Group 3 (OSA), 63% of patients presented mild OSA (mild OSA vs. moderate OSA: p = 0.006; mild OSA vs. severe OSA: p = 0.023), 16% presented moderate OSA and 21% presented severe OSA, with mild OSA being the most prevalent. However, in Group 4 (P-OSA), 19% of patients had mild OSA, 31% had moderate OSA, and 50% had severe OSA (p = 0.02), showing statistically significant differences between Group 3 (OSA) and Group 4 (P-OSA) (p = 0.04) (Table 2).


Table 2 | Percentage of patients of each group according to periodontal condition and degree of OSA.



Similarly, when the link between OSA and periodontitis was investigated, it was found that 35% of individuals with periodontitis had mild OSA, 71% had moderate OSA, and 80% had severe OSA. Although the association between OSA and periodontitis did not show statistically significant difference (p = 0.2813), the stage III periodontitis was statistically significant with severe OSA (p = 0.0157) (Table 3).


Table 3 | Frequency and percentage of the periodontal condition according to apnea diagnosis.




Distribution of complexes and categories of microorganisms

A general descriptive analysis of all groups showed that the relative frequency in the presence of the microorganisms for the purple complex, the categories of Candida spp., Lactobacillus spp., and others, was higher in saliva and the relative frequency of the other complexes was higher in subgingival plaque (Table 4).


Table 4 | Relative frequencies of the distribution of complexes and categories by samples in the groups of patients.



The percentages of microorganisms for each complex and category were adjusted to percentages of relative frequency according to the total number of microorganisms identified by complex and category in each group of patients and the total number of microorganisms identified by each group. In this way, the microbial composition inter- and intra-group of patients was analyzed. According to the inter-group analysis (Figure 1, bar graph) there is a greater number of microorganisms distributed in all complexes and categories in Group 4 (P-OSA), highlighting the greater presence of microorganisms of the yellow (40.1%), blue (37.8%), purple (32.1%), green (38.9%), orange (52.4%), and red (75%) complexes as well as Candida spp. (37.5%) and Lactobacillus spp. (34.7%); on the contrary, other microorganisms had a greater frequency in Group 1 (H) (31.2%). Regarding the intra-group analysis, there was a different composition of complexes and categories. The highest frequency of microorganisms of the yellow complex was found in Group 4 (P-OSA) (43.9%); the blue complex had a higher frequency (22.9%) in Group 1 (H); the purple complex had a higher frequency (12.5%) in Group 2 (P); the green complex (2.6%), Candida spp. (3.0%), and Lactobacillus spp. (5.7%) had a higher frequency in Group 3 (OSA); the orange (10.5%) and the red (0.7%) complexes had a higher frequency of microorganisms in Group 4 (P-OSA); and, finally, other microorganisms (19.6%) were identified more frequently in Group 1 (H).




Figure 1 | Microbial community composition is grouped by complexes or categories. Bars indicate the percentages of the inter-group relative frequencies of the complexes/categories in group patients. Pie charts show the intra-group distribution percentages of complexes/categories in group patients: Group 1 (H) healthy patients, non-periodontitis and non-OSA; Group 2 (P) periodontitis and non-OSA patients; Group 3: (OSA) OSA and non-periodontitis patients; Group 4 (P-OSA) periodontitis and OSA patients.



Regarding the distribution of the complexes in each sample (saliva, subgingival plaque, and gingival sulcus), it was evident that the greatest distribution of the complexes and categories was found in saliva and gingival sulcus of Group 4 (P-OSA), except for other microorganisms. On the other hand, there was a greater distribution of all complexes in subgingival plaque, except for Candida spp. and Lactobacillus spp. in this same group of patients. Additionally, this distribution was not group-dependent either in subgingival plaque or in gingival sulcus. The comparison of the distribution for each complex and the categories in the oral samples in the different groups showed no significant differences for yellow and orange complexes (p = 0.1988 and p = 0.3045, respectively). However, there were significant differences in the distribution of the blue complex between the Group 1 (H) saliva samples and the Group 2 (P) subgingival plaque sample (p = 0.026). In addition, there were significant differences (p = 0.009) in the distribution of the purple complex between saliva (Group 1, H) and gingival sulcus (Group 4, P-OSA). Also, there were significant differences (p = 0.017) in the distribution of Lactobacillus spp. between saliva (Group 1, H) and gingival sulcus (Group 4, P-OSA). The distribution of other microorganisms between the saliva (Group 1, H) and gingival sulcus (Group 3, OSA) was statistically significant (p = 0.019) (Kruskal–Wallis chi-square method; p-value < 0.05) (Figure 2). Additionally, it was determined that S. salivarius, S. gordonii, S. oralis, A. odontolyticus, A. naeslundii, V. parvula, E. corrodens, P. micra, F. nucleatum, P. melaninogenica, P. gingivalis, C. albicans, L. paracasei, and Staphylococcus spp. were the most frequent species identified in oral samples from all the groups of subjects (Supplementary Table 1).




Figure 2 | Relative frequencies of the complexes/categories in the oral samples by groups of patients. Significant differences between the relative frequencies of the complexes in each group were evaluated using the Kruskal-Wallis chi-square method; *p-value < 0.05, **p-value < 0.01.





Association between medical history and cultivable oral microbiota

This association was established through the analysis of multicomponent matrices to correlate the comorbidities and oral conditions and the complexes and categories of microorganisms present in the four groups of patients evaluated. The association can be positive (+) or negative (−) according to the Spearman correlation range (rs). Rs values greater than zero in blue tones represent a positive correlation, while rs values less than zero in reddish tones represent a negative correlation (Figure 3). In Group 1 (H), there was a positive, statistically significant correlation between the percentage of biofilm and the presence of caries (rs = 0.44) and the presence of blue complex (rs = 0.34), green complex (rs = 0.34), and orange complex (rs = 0.41). Also, it is noteworthy that the blue and green complexes are correlated with the percentage of biofilm (rs = 0.54 and 0.37, respectively), in contrast to Lactobacillus spp. and the percentage of the biofilm, which showed a negative correlation (rs = −0.44). Also, there was a positive correlation between the yellow complex and the blue complex (rs = 0.43) and a negative correlation between the yellow complex and the red complex, with slight statistical significance (rs = −0.33) (Figure 3A).




Figure 3 | Multicomponent matrix for the correlation of clinical factors and complex/categories of microorganisms present in each of the groups of patients evaluated: (A) Group 1 (H), n = 25; (B) Group 2 (P), n = 17; (C) Group 3 (OSA), n = 19; (D) Group 4 (P-OSA), n = 32, using the Spearman's rank correlation coefficient rs > 0.30, p<0.05. The blue tones represent a positive correlation and the red tones represent a negative correlation. HTN, arterial hypertension. HLD, hyperlipidemia. HT: hypothyroidism.



In Group 2 (P), there was a positive correlation with statistical significance between age and the presence of caries as with the percentage of biofilm (rs = 0.51 and 0.45, respectively). In turn, the percentage of biofilm is positively correlated with hypertension, hypothyroidism, and the presence of calculus (rs = 0.54, 0.50, and 0.59 respectively). Also, the presence of Candida spp. was positively correlated with the presence of caries (rs = 0.62) and the yellow complex (rs = 0.50). Even though the percentage of teeth with periodontitis, the stage of periodontitis, and the presence of calculus were negatively correlated with the orange complex (rs = −0.43, −0.52, and −0.50, respectively), they were positively correlated with the green complex and other microorganisms, which likewise presented a positive correlation between them (rs = 0.65). In addition, there was a positive correlation between the number of teeth absent and the presence of other microorganisms (rs = 0.43). Other microorganisms have a negative correlation with the presence of Candida spp. and the yellow complex (rs = −0.49 and −0.59, respectively) (Figure 3B).

In Group 3 (OSA), the age of the patients had a positive statistically significant correlation with hypertension and the degree of severity of OSA (rs = 0.48 and 0.45, respectively). In addition, HTN was positively correlated with severity of OSA (rs = 0.64), the yellow complex (rs = 0.38), and the blue complex (rs = 0.40). When analyzing the percentage of teeth with periodontitis, it was possible to identify a positive correlation with the presence of caries (rs = 0.50), the severity of OSA (rs = 0.43), and the presence of Candida spp. (rs = 0.55). The presence of caries and number of decayed teeth were positively correlated with the percentage of biofilm (rs = 0.39); the yellow (rs = 0.39), blue (rs = 0.40), and green rs = 0.51) complexes; and Candida spp. (rs = 0.48). In turn, the percentage of biofilm correlated positively with the presence of the yellow and blue complexes (rs = 0.56 and 0.40, respectively). The blue complex was correlated positively with the presence of calculus and the severity of OSA (rs = 0.45 and 0.48, respectively). When analyzing the relationship between the presence of the complexes, it was evidenced that the yellow complex is positively correlated with Candida spp. with a slight statistical significance (rs = 0.38). A similar correlation was given between the blue and the green complexes (rs = 0.38), which had a positive correlation with the orange complex (rs = 0.50). The latter complex was positively correlated with the purple complex (rs = 0.55), and Candida spp. and Lactobacillus spp. presented a positive correlation (rs = 0.41). Other microorganisms presented a negative correlation with the presence of the yellow complex (rs = −0.43), purple complex (rs = −0.52), and Lactobacillus spp. (rs = −0.58) (Figure 3C).

In Group 4 (P-OSA), the age of the patients was correlated positively with the HTN (rs = 0.41), absence of teeth (v = 0.70), the orange complex (rs = 0.41), and the red complex (rs = 0.32). Similarly, it was found that HTN has a positive correlation with HLD (rs = 0.37) and the severity of OSA (rs = 0.48). The lack of teeth in patients with periodontitis and OSA has been shown to be strongly connected with periodontitis stage (rs = 0.32) and the presence of red complex bacteria (rs = 0.42). On the other hand, the percentage of teeth with periodontitis was correlated with the percentage of biofilm (rs = 0.37), the presence of the orange complex (rs = 0.41), and slightly with the red complex (rs = 0.31). In this group of patients, the presence of calculus was positively correlated with the severity of OSA (rs = 0.39) and the stage of periodontitis was positively correlated with the presence of the red complex (rs = 0.35). About the correlation of the presence of the complexes, there was a positive correlation between the yellow and blue complexes (rs = 0.45), the purple and green complexes (rs = 0.35), the orange and red complexes (rs = 0.33), and the orange complex with Candida spp. (rs = 0.30) (Figure 3D).



Prevalence of complexes and categories

Figure 4 presents the percentile plots that indicate the prevalence of the complexes and categories in each group of patients evaluated. This figure indicates that the yellow complex was detected in 27% of the patients of Group 1 (H), who harbored up to 8% of the microorganisms of this complex. In Group 2 (P), it was detected in 18% of the patients, who harbored up to 11% of the microorganisms of this complex. In Group 3 (OSA), it was detected in 21% of the patients, who presented up to 14% of the microorganisms of the complex. In Group 4 (P-OSA), it was detected in 35% of the patients, who presented up to 7% of the microorganisms of the yellow complex. The blue complex was detected in 24% of the patients of Group 1 (H), 14% of the patients of Group 2 (P), 16% of the patients of Group 3 (OSA), and 30% of the patients of Group 4 (P-OSA), who presented up to 8%, 13%, 12%, and 9% of the microorganisms of this complex, respectively. The purple complex was detected in 14%, 12%, 11%, and 16% of the patients of Group 1 (H), Group 2 (P), Group 3 (OSA), and Group 4 (P-OSA), respectively, who presented respectively up to 12%, 13%, 20%, and 11% of the microorganisms of this complex. The green complex was detected in 2%, 3%, 4%, and 6% of the patients of Group 1 (H), Group 2 (P), Group 3 (OSA), and Group 4 (P-OSA), respectively, who presented up to 50%, 33%, 33%, and 29% of the microorganisms of this complex, respectively. The orange complex was detected in 8% of the patients of Group 1 (H) and Group 2 (P), and in 12% and 28% of the patients of Group 3 (OSA) and Group 4 (P-OSA) respectively, who presented up to 33%, 25%, 20%, and 11% of the microorganisms of this complex, respectively. The red complex was detected in 1% of Group 1 (H) and 2% of Group 4 (P-OSA) patients. The category Candida spp. was detected in 3% of the patients of Group 1 (H) and Group 2 (P), which housed up to 50% of the yeasts of this category, and on the other hand, this category was detected in 4% of the patients of Group 3 (OSA) and 9% of the patients of Group 4 (P-OSA), which presented up to 42% and 11% of the yeasts of this category, respectively. The category Lactobacillus spp. was detected in 6%, 9%, 10%, and 11% of the patients of Group 1 (H), Group 2 (P), Group 3 (OSA), and Group 4 (P-OSA), respectively, who housed up to 30%, 22%, 23%, and 29% of Lactobacillus spp., correspondingly. Finally, the category other microorganisms was detected in 22%, 14%, 19%, and 26% of the patients of Group 1 (H), Group 2 (P), Group 3 (OSA), and Group 4 (P-OSA), who presented up to 13%, 27%, 12.5%, and 10.6% of the microorganisms in this category, respectively (Figure 4). All complexes and categories of Candida spp., Lactobacillus spp., and other microorganisms were more prevalent in Group 4 (P-OSA); however, no statistically significant differences were found.




Figure 4 | Percentile graph of the percentage of presence of complexes/categories in each of the groups of participants evaluated. Each point represents the presence (%) of the complex/category in a patient. The x-axis represents the percentiles, the y-axis the presence (%) of the complexes/categories, and the dotted line in the first panel indicates that 95% of the participants in Group 4 (P-OSA) have less than 5% presence of the yellow complex, on the other hand, 5% of the subjects of this same group exhibit > 5% presence of the yellow complex.





Multidimensional scaling analysis

To show the differences between the consortia of the most common microorganisms present in each group of patients, we performed a multidimensional scaling (MDS) analysis. This analysis was established according to the dissimilarity (distance matrix) of the microorganisms present in each consortium, through the stress adjustment measure that is based on the differences between the predicted and actual distances and visualized in 3D plots (Figure 5). Six clusters formed the consortiums of microorganisms in both the group of healthy patients (Group 1) and the group of patients with periodontitis (Group 2), which showed the greatest intra-group dissimilarity (Kruskal stress = 0.188 and 0.198, respectively); on the other hand, two clusters formed the consortium of microorganisms in patients with OSA (Group 3) and six clusters formed the consortium of microorganisms in patients with periodontitis and with OSA (Group 4), which showed the smallest intra-group dissimilarity (Kruskal stress = 0.009 and 0.094, respectively).




Figure 5 | Multidimensional Scaling (MDS) based on Proximity Matrices (Euclidean Distance) and Kruskal Stress for the three-dimensional visualization (XLSTAT3DPlot) of the consortia made up of the most common microorganisms by group of patients: (A) Group 1 (H); (B) Group 2 (P); (C) Group 3 (OSA); (D) Group 4 (P-OSA).



In Group 3, dimension 3 was defined by Streptococcus anginosus (yellow complex) and dimensions 1 and 2 were composed of the rest of the common microorganisms; this means that the presence of S. anginosus could be a distinctive marker within the patients of this group, in terms of the most common microorganism found. On the other hand, in Group 4, another microorganism was found as the most common or distinctive marker: Capnocytophaga ochracea (green complex), which defined dimension 3 but with a negative modulation, while the positive axis of dimensions 1 and 2 was differentiated by Actinomyces georgiae (blue complex), Prevotella melaninogenica (orange complex), and C. albicans, the three of them forming a cluster, and Lactobacillus paracasei predominated in the positive axis of dimension 3.




Discussion

This is the first report regarding the characterization of the oral microbiota in patients with periodontitis associated with OSA using MALDI-TOF MS as a tool for rapid identification of oral microorganisms. Additionally, the differences in the oral microbiota between individuals with and without periodontitis, and with and without OSA had not been reported before. The present study showed that there are more cases of stage III periodontitis in patients with severe OSA. Our results are similar to the findings reported by Gamsiz-Isik et al. (2017) and support the hypothesis that there is a higher prevalence of periodontitis in patients with OSA (Gunaratnam et al., 2009; Ahmad et al., 2013; Seo et al., 2013; Cuervo et al., 2016; Gamsiz-Isik et al., 2017; Latorre et al., 2018).

When determining the periodontal parameters of the patients evaluated in this study, a higher percentage of biofilm in patients with periodontitis, with OSA, and with both conditions was detected in opposition to healthy patients (p < 0.01). This finding is consistent with the significant relationship between the presence of OSA and the percentage of biofilm reported by Loke et al. (2015) and by Gamsiz-Isik et al. (2017). The evidence suggests that the colonization of a dysbiotic microbiota favored by oral dryness increases CO2 levels and decreased O2, and those three are the main factors involved in the pathophysiology of OSA (Nizam et al., 2016), which, in turn, affects bone remodeling in patients with periodontitis.

In the present study, a characterization of the microbiota established in patients with OSA and periodontitis was carried out. It was possible to determine the highest relative frequencies of all of the Socransky’s complexes in the subgingival plaque, except the purple one, while the purple complex, Candida spp., Lactobacillus spp., and other microorganisms presented the highest relative frequencies in saliva. Although it was evidenced that the complexes and categories of microorganisms are present in all the groups evaluated, a greater microbial diversity was demonstrated in the patients with both conditions (OSA and periodontitis). All groups showed different percentages of microorganisms according to the sample evaluated (saliva, subgingival plaque, or gingival sulcus), raising a possible “modulation” of the microorganisms depending on the state of health or disease (Socransky and Haffajee, 2005; Curtis et al., 2020).

The use of the MALDI-TOF MS, which only identifies cultivable microorganisms, was one of the study’s limitations. This method might have an impact on the findings and might have omitted the presence of other microorganism species. Additionally, these findings should be validated in further studies with a bigger sample and in other populations.

Despite the limitations in having carried out microbial identification by MALDI-TOF MS, it is important to highlight that our results are comparable to those of prior studies and support the hypothesis that OSA influences the colonization of a potentially infectious dysbiotic microbiota in the oral cavity, as other authors have proposed. Nizam et al. (2016) determined a marked increase in Gram-negative bacteria in dental plaque samples in patients with severe OSA and periodontal disease and also reported Gram-positive bacteria in dental plaque in severe cases of OSA (Nizam et al., 2016), whereas Chen et al. (2021) determined that well-known periodontal pathogen species do not significantly increase their relative abundance in patients with OSA; however, the salivary microbial community structure was altered, affecting the interactions of different bacteria in the pathogenesis process of periodontitis in patients with OSA, along with an increase of Prevotella spp. In the present study, we identified the most common microorganisms in patients with both periodontitis and OSA (P-OSA), highlighting the presence of A. georgiae, P. melaninogenica, L. paracasei , and C. albicans, as potential distinctive markers for both diseases. These results might explain the presence of periodontitis in patients with OSA.

Concerning the association of clinical factors and the oral microbiota characterized in each group of patients, the relationship between the percentage of biofilm and other oral pathologies such as caries was evidenced, given the presence of microorganisms mainly of the yellow and blue complexes in healthy patients. This finding is consistent with previous reports in the literature (Colombo and Tanner, 2019; Valm, 2019). Despite not fulfilling all the parameters to be classified into the group of periodontitis according to the new classification adopted since 2018 (Caton et al., 2018), the presence of teeth with periodontitis was detected in these patients, and it was related to the bacteria of the yellow complex and Candida spp. These data are relevant considering that different authors have reported the colonization of yeasts of the genus Candida, especially C. albicans, in periodontal pockets of patients with severe chronic periodontitis (Canabarro et al., 2013), and the prevalence of these species was 50% and 60% in patients with aggressive and chronic periodontitis, respectively (Vieira Colombo et al., 2016). These previous results suggest that C. albicans plays a role in the progression of conditions such as periodontitis, given its known pathogenic power to invade oral epithelial tissue, form hyphae, secrete proteinases, and interact with commensal streptococci to synergistically promote their virulence (Martin et al., 2011; Xu et al., 2014; Belibasakis et al., 2015; Charalampakis and Belibasakis, 2015; Chevalier et al., 2017; Mombelli, 2018).

In recent decades, there has been an increase in reports demonstrating the bidirectional risk between periodontitis and systemic diseases such as hypertension (Latorre et al., 2018), CVDs (Bui et al., 2019), hypothyroidism, metabolic syndromes (Jaramillo et al., 2017), and diabetes (Zhou et al., 2013; Escobar et al., 2014; Genco and Borgnakke, 2020). In older patients, this risk was confirmed by the correlation of the percentage of biofilm detected in patients of Group 2 (P) with age of patients (rs = 0.45, p = 0.035), and with diseases such as hypertension (rs = 0.54, p = 0.0162) and hypothyroidism (rs = 0.50, p = 0.0023). Additionally, the cases of caries present in this group of subjects were associated with the presence of Candida spp. and, in turn, with the bacteria of the yellow complex, contributing to the hypothesis that yeasts of the genus Candida can behave as a primary colonizer in dysbiotic biofilms (Janus et al., 2017). The percentage of teeth with periodontitis was associated with the percentage of biofilm and the presence of calculus. These results confirm that the formation of polymicrobial consortia is one of the main factors contributing to the risk of periodontitis. In Group 2 (P), periodontitis was mainly associated with the presence of green complex bacteria, recognized in mature pathogenic biofilms where environments with low oxygen concentrations are produced (Haffajee et al., 2008). Therefore, these findings support the role of these bacteria as indicators of ecological changes in the subgingival biofilm during the progression of periodontitis (Henne et al., 2014). Likewise, the category of “other microorganisms”, in which those that are not usually identified as oral pathogens were grouped, was also associated with periodontitis. These results confirm the prevalence of other potentially pathogenic species of clinical relevance in the oral cavity as was evidenced by Vieira Colombo et al. (2016) who showed the microbiota of the subgingival plaque of individuals with different states of periodontitis, highlighting the presence of bacteria of the genera Neisseria, Peptostreptococus, Pseudomonas, Clostridium, and Enterobacteria, among others (Vieira Colombo et al., 2016).

OSA is a risk factor for CVDs, as it increases morbidity and mortality in patients with arterial hypertension (HTN), coronary heart disease, atrial fibrillation, and heart failure (Zhou et al., 2013; Genco and Borgnakke, 2020). The results of our study showed that the severity of OSA in Group 3 was associated with hypertension and with the percentage of teeth with periodontitis. Thus, it is necessary to emphasize that the presence of teeth with periodontitis in this group is correlated with the severity of OSA, caries, and the presence of Candida spp., establishing a possible association between the infectious processes in the periodontium and the presence of microorganisms such as Candida spp. that are different from the usual periodontopathogens.

The cause–effect relationship between periodontitis and OSA, however, is not fully understood. Several mechanisms have been proposed, involving genetic, immunological, and microbiological factors (Nizam et al., 2014; Al-Jewair et al., 2015). Our findings suggest that there is an association between risk factors such as HTN, HLD, and HT and patient age, which supports the previously reported bidirectional relationship of both diseases (Gunaratnam et al., 2009; Keller et al., 2013; Seo et al., 2013; Sanders et al., 2015; Cuervo et al., 2016; Latorre et al., 2018). Additionally, it was evident that the bacteria of the orange complex participate in this association, together with the red complex, which, in turn, was associated with the loss of teeth and the stage of periodontitis. In the same way, both complexes were associated with the formation of the dysbiotic biofilm (Lamont and Hajishengallis, 2015). While it is true that the presence of bacteria considered periodontopathogenic was associated with the presence of periodontitis in patients with OSA, it is important to note that the presence of Candida spp. was more prevalent in patients with periodontitis, and in addition, these yeasts were mainly associated with the bacteria of the orange complex. Then, we propose a new hypothesis: in the presence of both diseases, these opportunistic microorganisms may have a behavior that allows the colonization of periodontopathogenic bacteria. It has been demonstrated through in vitro studies that yeasts such as C. albicans modulate the microenvironment, causing anoxic conditions, favoring the growth of strictly anaerobic bacteria, and synergistically promoting the formation of dysbiotic biofilms (Diaz et al., 2012; Fox et al., 2014; Sztukowska et al., 2018).

Even if OSA can favor the predisposing factors of periodontitis by the presence of P. melaninogenica and C. albicans increasing the severity of the periodontal disease, questions arise as to whether the inhibition of these microorganisms can control the pathogenicity of biofilm associated with the conditions evaluated. These findings suggest that antimicrobial strategies for treating periodontitis in patients with OSA can be tested in vitro using polymicrobial biofilms.



Conclusions

	*Men had a higher prevalence of stage III periodontitis and severe OSA.

	*There was a greater diversity of microorganisms in the oral samples evaluated from the patients with periodontitis and OSA, and the differences in the percentages of the presence of each complex and category were notorious.

	*The association between periodontitis and OSA was evidenced by sharing risk factors such as comorbidities and bacteria of the orange and red complexes associated with yeasts such as Candida spp.

	*Periodontal disease in patients showed positive and similar correlations among yellow, blue, orange, green, and purple bacteria complexes, P. melaninogenica, C. albicans, and the different oral microenvironments, indicating that the presence of P. melaninogenica and C. albicans should be considered in the prevention and treatment of this disease.
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Pontificia Universidad Javeriana-sede Bogotá financial support to the project “Characterization of the microbiota associated with obstructive sleep apnea in patients with periodontitis” (project number 008398).



Acknowledgments

We thank the Pontificia Universidad Javeriana-sede Bogotá for the financial support to the project “Characterization of the microbiota associated with obstructive sleep apnea in patients with periodontitis” (project number 008144), and we greatly appreciate the support given by the Training Agreement for postgraduate studies of professors of the Pontificia Universidad Javeriana for their doctoral training. We also thank all the participants who were part of this project as patient donors of the oral samples.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2022.934298/full#supplementary-material






References

 Ahmad, N. E., Sanders, A. E., Sheats, R., Brame, J. L., and Essick, G. K. (2013). Obstructive sleep apnea in association with periodontitis: a case-control study. J. Dental Hygiene 87 (4), 188–199.

 Al-Jewair, T. S., Al-Jasser, R., and Almas, K. (2015). Periodontitis and obstructive sleep apnea’s bidirectional relationship: a systematic review and meta-analysis. Sleep Breath 19 (4), 1111–1120. doi: 10.1007/s11325-015-1160-8

 Antezack, A., Chaudet, H., Tissot-Dupont, H., Brouqui, P., and Monnet-Corti, V. (2020). Rapid diagnosis of periodontitis, a feasibility study using MALDI-TOF mass spectrometry. PloS One 15 (3), 1–14. doi: 10.1371/journal.pone.0230334

 Arumugam, M. (2015). A comparative evaluation of subgingival occurrence of candida species in chronic periodontitis and peri-implantitis : A clinical and microbiological study. Int. J. Clinic Implant Dentis 1 (December), 95–100. doi: 10.5005/jp-journals-10004-1041

 Barberis, C., Almuzara, M., Join-Lambert, O., Ramírez, M. S., Famiglietti, A., and Vay, C. (2014). Comparison of the bruker MALDI-TOF mass spectrometry system and conventional phenotypic methods for identification of gram-positive rods. PloS One 9 (9), 1–6. doi: 10.1371/journal.pone.0106303

 Belibasakis, G., Charalampakis, G., Bostanci, N., and Stadlinge, B. (2015). “Peri-implant infections of oral biofilm etiology,” in Biofilm-based healthcare-associated infections. (Cham: Springer) 69–84.

 Bui, F. Q., Almeida-da-Silva, C. L. C., Huynh, B., Trinh, A., Liu, J., Woodward, J., et al. (2019). Association between periodontal pathogens and systemic disease. Biomed. J. 42 (1), 27–35. doi: 10.1016/j.bj.2018.12.001

 Cade, B. E., Chen, H., Stilp, A. M., Gleason, K. J., Sofer, T., Ancoli-israel, S., et al. (2016). Genetic associations with obstructive sleep apnea traits in Hispanic/Latino americans. Am. J. Respir. Crit. Care Med. 194 (7), 886–897. doi: 10.1164/rccm.201512-2431OC

 Canabarro, A., Valle, C., Farias, M. R., Santos, F. B., Lazera, M., and Wanke, B. (2013). Association of subgingival colonization of candida albicans and other yeasts with severity of chronic periodontitis. J. Periodontal Res. 48 (4), 428–432. doi: 10.1111/jre.12022

 Caton, G., Armitage, G., Berglundh, T., Chapple, I. L. C., Jepsen, S., Kornman, S., et al. (2018). A new classification scheme for periodontal and peri-implant diseases and conditions – introduction and key changes from the 1999 classification. J. Clin. Periodontol. 45 (March), S1–S8. doi: 10.1111/jcpe.12935

 Charalampakis, G., and Belibasakis, G. N. (2015). Microbiome of peri-implant infections: Lessons from conventional, molecular and metagenomic analyses. Virulence 6 (3), 183–187. doi: 10.4161/21505594.2014.980661

 Chen, Y., Chen, X. C., Huang, X., Duan, Y., Gao, H., Gao, X., et al. (2021). Analysis of salivary microbiome and its association with periodontitis in patients with obstructive sleep apnea. Front. Cell. Inf. Microbiol. 11 (December), 1–17. doi: 10.3389/fcimb.2021.752475

 Chevalier, M., Ranque, S., and Prêcheur, I. (2017). Oral fungal-bacterial biofilm models in vitro: a review. Med. Mycol. 56 (6), 653–667. doi: 10.1093/mmy/myx111

 Colombo, A. P. V., and Tanner, A. C. R. (2019). The role of bacterial biofilms in dental caries and periodontal and peri-implant diseases: A historical perspective. J. Dental Res. 98 (4), 373–385. doi: 10.1177/0022034519830686

 Cuervo, A., Martínez, M. C., Sosa, G., Hernández, M., Latorre, C., Escobar, F., et al. (2016). Condición periodontal de pacientes con apnea obstructiva del sueño. Universitas Odontol. 33 (June), 1–34. doi: 10.11144/Javeriana.uo35-74.cppa

 Curtis, M. A., Diaz, P. I., and Van Dyke, T. E. (2020). The role of the microbiota in periodontal disease. Periodontol. 2000 83 (1), 14–25. doi: 10.1111/prd.12296

 Diaz, P. I., Xie, Z., Sobue, T., Thompson, A., Biyikoglu, B., Ricker, A., et al. (2012). Synergistic interaction between candida albicans and commensal oral streptococci in a novel in vitro mucosal model. Infect. Immun. 80 (2), 620–632. doi: 10.1128/IAI.05896-11

 Escobar, F., Latorre, C., Velosa, J., Ferro, M. B., Ruiz, A., Arregoces, F. E., et al. (2014). Relation between ultra-sensitive c-reactive protein, diabetes and periodontal disease in patients with and without myocardial infarction. Arquivos Brasileiros Endocrinol. Metabol. 58 (4), 362–368. doi: 10.1590/0004-2730000002899

 Fox, E. P., Cowley, E. S., Nobile, C. J., Hartooni, N., Newman, D. K., and Johnson, A. D. (2014). Anaerobic bacteria grow within candida albicans biofilms and induce biofilm formation in suspension cultures. Curr. Biol. 24 (20), 2411–2416. doi: 10.1016/j.cub.2014.08.057

 Gamsiz-Isik, H., Kiyan, E., Bingol, Z., Baser, U., Ademoglu, E., and Yalcin, F. (2017). Does obstructive sleep apnea increase the risk for periodontal disease? a case-control study. J. Periodontol. 88 (5), 443–449. doi: 10.1902/jop.2016.160365

 Genco, R. J., and Borgnakke, W. S. (2020). Diabetes as a potential risk for periodontitis : association studies. Periodontol. 2000 83, 40–45. doi: 10.1111/prd.12270

 Genco, R. J., and Sanz, M. (2020). Clinical and public health implications of periodontal and systemic diseases : An overview. Periodontol. 2000 83, 7–13. doi: 10.1111/prd.12344

 Gunaratnam, K., Taylor, B., Curtis, B., and Cistulli, P. (2009). Obstructive sleep apnoea and periodontitis: a novel association? Sleep Breathing 13 (3), 233–239. doi: 10.1007/s11325-008-0244-0

 Haffajee, A. D., Socransky, S. S., Patel, M. R., and Song, X. (2008). Microbial complexes in supragingival plaque. Oral. Microbiol. Immunol. 23 (3), 196–205. doi: 10.1111/j.1399-302X.2007.00411.x

 Hajishengallis, G., and Korostoff, J. M. (2017). Revisiting the page & Schroeder model: the good, the bad and the unknowns in the periodontal host response 40 years later. Periodontol. 2000 75 (1), 116–151. doi: 10.1111/prd.12181

 Henne, K., Fuchs, F., Kruth, S., Horz, H. P., and Conrads, G. (2014). Shifts in campylobacter species abundance may reflect general microbial community shifts in periodontitis progression. J. Oral. Microbiol. 6 (1), 6–11. doi: 10.3402/jom.v6.25874

 Hidalgo-Martínez, P., and Lobelo, R. (2017). Epidemiología mundial, latinoamericana y colombiana y mortalidad del síndrome de apnea-hipopnea obstructiva del sueño (SAHOS). Rev. la Facultad Med. 65 (1Sup), 17–20. doi: 10.15446/revfacmed.v65n1Sup.59565

 Janus, M. M., Crielaard, W., Volgenant, C. M. C., der Veen, M. H., Brandt, B. W., and Krom, B. P. (2017). Candida albicans alters the bacterial microbiome of early in vitro oral biofilms. J. Oral. Microbiol. 9 (1), 1–10. doi: 10.1080/20002297.2016.1270613

 Jaramillo, A., Contreras, A., Lafaurie, G. I., Duque, A., Ardila, C. M., Duarte, S., et al. (2017). Association of metabolic syndrome and chronic periodontitis in colombians. Clin. Oral. Investigations 21 (5), 1537–1544. doi: 10.1007/s00784-016-1942-9

 Keller, J. J., Wu, C.-S., Chen, Y.-H., and Lin, H.-C. (2013). Association between obstructive sleep apnoea and chronic periodontitis: a population-based study. J. Clin. Periodontol. 40 (2), 111–117. doi: 10.1111/jcpe.12036

 Lamont, R. J., and Hajishengallis, G. (2015). “Polymicrobial synergy and dysbiosis in inflammatory disease,” in Trends in molecular medicine. (Elsevier). 21, 172–183. doi: 10.1016/j.molmed.2014.11.004

 Lamont, R. J., Koo, H., and Hajishengallis, G. (2018). The oral microbiota: dynamic communities and host interactions. Nat. Rev. Microbiol. 16, 745–759. doi: 10.17235/reed.20188.4947/2017

 Latorre, C., Escobar, F., Velosa, J., Rubiano, D., Hidalgo-Martinez, P., and Otero, L. (2018). Association between obstructive sleep apnea and comorbidities with periodontal disease in adults. J. Indian Soc. Periodontol. 22 (3), 215–220. doi: 10.4103/jisp.jisp_38_18

 Lembo, D., Caroccia, F., Lopes, C., Moscagiuri, F., Sinjari, B., and D’Attilio, M. (2021). Obstructive sleep apnea and periodontal disease: A systematic review. Med. (Lithuania) 57 (6), 1–12. doi: 10.3390/medicina57060640

 Loke, W., Girvan, T., Ingmundson, P., Verrett, R., Schoolfield, J., and Mealey, B. L. (2015). Investigating the association between obstructive sleep apnea and periodontitis. J. Periodontol. 86 (2), 232–243. doi: 10.1902/jop.2014.140229

 Martin, R., Wächtler, B., Schaller, M., Wilson, D., and Hube, B. (2011). Host-pathogen interactions and virulence-associated genes during candida albicans oral infections. Int. J. Med. Microbiol. 301 (5), 417–422. doi: 10.1016/j.ijmm.2011.04.009

 Mombelli, A. (2018). Microbial colonization of the periodontal pocket and its significance for periodontal therapy. Periodontol. 2000 76 (1), 85–96. doi: 10.1111/prd.12147

 Nizam, N., Basoglu, O. K., Tasbakan, M. S., and Holtho, A. (2014). Do salivary and serum collagenases have a role in an association between obstructive sleep apnea syndrome and periodontal disease ? a preliminary case – control study. Arch. Oral. Biol. 60, 134–143. doi: 10.1016/j.archoralbio.2014.09.006

 Nizam, N., Basoglu, O. K., Tasbakan, M. S., Nalbantsoy, A., and Buduneli, N. (2014). Salivary cytokines and the association between obstructive sleep apnea syndrome and periodontal disease. J. Periodontol. 85 (7), e251–e258. doi: 10.1902/jop.2014.130579

 Nizam, N., Tasbakan, M. S., Basoglu, O. K., Lappin, D. F., and Buduneli, N. (2016). Is there an association between obstructive sleep apnea syndrome and periodontal inflammation? Clin. Oral. Investigations 20 (4), 659–668. doi: 10.1007/s00784-015-1544-y

 O’Leary, T. J., Drake, R. B., and Naylor, J. E. (1972). The plaque control record. J. Periodontol. 43 (1), 38. doi: 10.1902/jop.1972.43.1.38

 Ruiz, A., Rendón, M., Hidalgo, P., Cañón, M., Otero, L., Panqueva, O., et al. (2016). Prevalence of sleep complaints in Colombia at different altitudes. Sleep Sci. 9 (2), 100–105. doi: 10.1016/J.SLSCI.2016.05.008

 Sanders, A. E., Essick, G. K., Beck, J. D., Cai, J., Beaver, S., Finlayson, T. L., et al. (2015). Periodontitis and sleep disordered breathing in the Hispanic community health Study/Study of latinos. Sleep 38 (8), 1195–1203. doi: 10.5665/sleep.4890

 Sateia, M. J. (2014). International classification of sleep disorders-third edition highlights and modifications. CHEST 146 (5), 1387–1394. doi: 10.1378/chest.14-0970

 Seo, W. H., Cho, E. R., Thomas, R. J., An, S. Y., Ryu, J. J., Kim, H., et al. (2013). The association between periodontitis and obstructive sleep apnea: A preliminary study. J. Periodontal Res. 48 (4), 500–506. doi: 10.1111/jre.12032

 Socransky, S. S., and Haffajee, A. D. (2005). Periodontal microbial ecology. Periodontol. 2000 38 (1), 135–187. doi: 10.1111/j.1600-0757.2005.00107.x

 Socransky, S. S., Haffajee, A. D., Cugini, M. A., Smith, C., and Kent, R. L. (1998). Microbial complexes in subgingival plaque. J. Clin. Periodontol. 25 (2), 134–144. doi: 10.1111/j.1600-051X.1998.tb02419.x

 Sztukowska, M. N., Dutton, L. C., Delaney, C., Ramsdale, M., Ramage, G., Jenkinson, H. F., et al. (2018). Community development between porphyromonas gingivalis and candida albicans mediated by InlJ and Als3. MBio 9 (2), 1–16. doi: 10.1128/mBio.00202-18

 Tamai, R., Sugamata, M., and Kiyoura, Y. (2011). Candida albicans enhances invasion of human gingival epithelial cells and gingival fibroblasts by porphyromonas gingivalis. Microbial. Pathogen. 51 (4), 250–254. doi: 10.1016/j.micpath.2011.06.009

 Valm, A. M. (2019). The structure of dental plaque microbial communities in the transition from health to dental caries and periodontal disease. J. Mol. Biol. 431 (16), 2957–2969. doi: 10.1016/j.jmb.2019.05.016

 Vieira Colombo, A. P., Magalhães, C. B., Hartenbach, F. A. R. R., Martins do Souto, R., and Maciel da Silva-Boghossian, C. (2016). Periodontal-disease-associated biofilm: A reservoir for pathogens of medical importance. Microbial. Pathogen. 94, 27–34. doi: 10.1016/j.micpath.2015.09.009

 Xu, H., Sobue, T., Thompson, A., Xie, Z., Poon, K., Ricker, A., et al. (2014). Streptococcal co-infection augments candida pathogenicity by amplifying the mucosal inflammatory response. Cell. Microbiol. 16 (2), 214–231. doi: 10.1111/cmi.12216

 Zhang, X., Wang, S., Xu, H., Yi, H., Guan, J., and Yin, S. (2021). Metabolomics and microbiome profiling as biomarkers in obstructive sleep apnoea: A comprehensive review. Eur. Respir. Rev. 30 (160), 200220. doi: 10.1183/16000617.0220-2020

 Zhou, M., Rong, R., Munro, D., Zhu, C., Gao, X., Zhang, Q., et al. (2013). Investigation of the effect of type 2 diabetes mellitus on subgingival plaque microbiota by high-throughput 16S rDNA pyrosequencing. PloS One 8 (4), e61516. doi: 10.1371/journal.pone.0061516



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Téllez-Corral, Herrera-Daza, Cuervo-Jimenez, Arango-Jimenez, Morales-Vera, Velosa-Porras, Latorre-Uriza, Escobar-Arregoces, Hidalgo-Martinez, Cortés, Roa-Molina, Otero and Parra-Giraldo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-12-934298-g005.jpg
R — A Group1(H) [ou B Group 2 (P)

om

e, BTN A .. C Group3(0SA) i, SepweDagm s s 1120050 D Group 4 (P-OSA)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Patients with obstructive sleep apnea can favor the predisposing factors of periodontitis by the presence of P. melaninogenica and C. albicans, increasing the severity of the periodontal disease

      

        		

          Objective

        



        		

          Methods

        



        		

          Result

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients/study population

          



          		

            Oral sample collection

          



          		

            Microbial identification by MALDI-TOF-MS

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Distribution of complexes and categories of microorganisms

          



          		

            Association between medical history and cultivable oral microbiota

          



          		

            Prevalence of complexes and categories

          



          		

            Multidimensional scaling analysis

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb-12-934298-g001.jpg
Relative frequency (%)

80

-3
°

]

»N
o

Group 1 (H)

167

Group 2 (P)

184477

193189185

Group 3 (OSA)

Group 4 (P-OSA)

Complex - category

Yellow: Streptococcus spp.
Blue: Actinomyces spp.
Purple: Veillonella spp.
Green: Eikenella spp.,

Capnocytophaga spp.,
Campylobacter spp.

Orange: Eubacterium sp.,
Fusobacterium spp., Parvimonas sp.,
Prevotella spp., Slackia sp.,

S. constellatus.

Red: Porphyromonas sp.
Candida spp.
Lactobacillus spp.

Other microorganisms





OEBPS/Images/table2.jpg
Periodontal condition

Clinical gingival health on an intact
periodontium

Biofilm-induced gingivitis

Biofilm-induced gingivitis in a reduced
periodontium

Stable periodontal disease in reduced
periodontium

Periodontitis Stage I
Periodontitis Stage 1T
Periodontitis Stage 11T
Periodontitis Stage IV
Degree of OSA

Mild OSA

Moderate OSA

Severe AOS

Group 1 (H)
(n=25)

56*

32%

© o o o

Group 2 (P)
(n=17)

24
65*

Group 3 (OSA)
(n=19)

Percentage (%)

o o o o

634
16
21

Group 4 (P-OSA)
(n=32)

31
50%%

p-value* p-value’

ns

ns

0.000419

0.03248

ns
ns
0.0012

ns

0.006
ns

0,02

ns

ns

0.024

ns

ns
ns
0.0001

ns

0.023
ns

0,04

Group 1 (H): p-value* of Clinical gingival health on an intact periodontium vs. Biofilm-induced gingivitis in a reduced periodontium and Clinical gingival health on an intact periodontium
vs. Stable periodontal disease in reduced periodontium. Group 2 (P): p-value* of Periodontitis Stage I vs. Periodontitis Stage I11. Group 3 (OSA): p-value* of Mild OSA vs. Moderate OSA; p-
valuet of Mild OSA vs. Severe AOS, and Clinical gingival health on an intact periodontium vs. Biofilm-induced gingivitis in a reduced periodontium. Group 4 (P-OSA): p-value* of Mild
OSA vs. Severe AOS; p-valuet of Moderate OSA vs. Severe AOS, and Periodontitis Stage I vs. Periodontitis Stage II1.





OEBPS/Images/fcimb-12-934298-g003.jpg
A Group1(H) B Group2(P)

P < Sracvwer©og SraCLON®oC o
CaNoOTWBeNs ST S2225228 o CNBTWOeNE S-SR ER2S{I
1. [ o5 [Ra[o 1o [oz7 [ozi]oza 012 o[ 0] 023 o] o8 [ozs[oso[o2r[005] o RN - [ 019 [oz0[0z0[028 [oar o201 [oz4]o13 008 [o10]o1 [0a[01e
2.foos [ o 12[f080 15 foz0[020 [ocs [0 ove ao;luau 28 [o.10 050 [o10 2.[oor [Eo2s]o e [om 007 [o0s fo11[oce[oar [o38 mFlm e
3 o.12 RS0 0.11 (034|022 |-0.22[ 023} 0.14|-0.14 ] 0.14 [0.14 [0.04 |0.11 [0.08[0.11[0.01 fo.0e] 3. 02 o.12|@88.0.18]0.18 [ 0.00 [0.12}0 21021 028 .0.00[<.05 0.18]021{0.12 lox|
4.Jow 11 [ 000015 [or5[ose fo[o11[oz oo [orfazs|ocs [oosforafoce] 4 oo 0.2 [Y < r2fozi[ozr Py PR PP e P Y P Pt P [0
5. [027]o 15 [63al o co [P 17070 0o fors [0 [ozs[om [oafoosfotafoce) 5. {010 [0z (B8] <2 032025 [o 12021 [021 888 028 [oat [owi o e 021|012 [0
6.[oz7foz0[022[0:5]0.17 [0.12]0.10 0.07 [0.10 J888Y o.05 [0.28 | 0.08 [0al-0.08 0.1 I 05 6 foz 18[021[0] [o.12[0.13[0.13 021 [o.04 088 o.00 [0 14| 026008
7 |oztozsfozzforsfor 012 o 10[ 007[0.10 [@88] 005 028 0ca [0a] o 08 [0.13]0 18 foze[o 2] 7 [z [o8to e oz [0 012 [013]013[021 |o0¢ [@80] 000 1¢ 024 [oc8
8.[o12[ocs fozs[ore o0s fo.12o 12 [N o cal-o0a(o13 [o22 [@81 [0 04 [o 12| 8ot [o 1 am2 o o 8.[028]007 [oos [oui[ozs soafoor T I O 00 [o31
10.fora[ose foseforforiornfarofocz ] R ) e 0 T R R e 9.[657[ocs [orzomif< 2o 202 01407 [0t [ose[ 000 [o1s]ore Lo.vs[o2s[oaz]
11 o008 fosafo11{a11]oo7 [007fo0s o.12[0.18 00s|0.14[021 o3 10. Jo11}021].012[021]013 [0 13008014 0.18 |0.110.27 [a.41{0.18 [0.10 [0 o2 |@8R.0.14 |0 23]
12.fozs[ocz [orufoaifozsforclos[ors 016020 oot [oco foafo o 11.[88ifo0fozionlearjon[erloofor 015 [ocelozr [osslo e
13 mln_,mu 001 [0ar [022]0.11[0.12]0.10 (Y 029 ozl 012]oct [ors 12. {5 - [l o2 [BBllea [o.10 [o.10 185000
15_|o0s [0.14 004 |0.17|031 [0 05 |-0.05 |03 [0.14 |0 18 |0.20 [020 023 0.47 [0.00 [0.33}-0.22/.0 08 |0.03 13 |o21 [oas fo2e 0.28 |-0.04[0.0¢ 0.11|0.08] 004 [0.22 fo30f0.11 o oor
16 unuwwwwwwm.m 027028 008 [o04[011 [o17[0cs 15 [oziessfousfossfom (o 16[o0s [927 (027 02000« [ 20 k3.1 [Bm0 o
17.Joxo|o1s [o.os]o03 [o.16 o ce[oce [o 12023 024 [o2s [o.1e]02s 027 [ 024 0.5 [oos [arafoms oz 16, [o24] 0.8 [o05]-002 R 006 [ .06 008 [o1] y30]022 .10 [Rq 028 0.5 0.1 [ aza|ocs|
18.[oz nvwn«maMdn 017025 |02+ [ 022 [0.02 011 [0.18 007 o5 17 [psfofonfoufordor]on(or [ore[or oo faxsfozsfozs fF oczloor o] ocs[ocs
19_Joos|o.11 oot [0.18f0.18 10,08 0.08 021 000 008 [0.15 {022 o3 0.04 .16 18 o.0s [028 fo21|0.12f021 [0 24[024 Joz2 0.19]0.18 [0.08 [0.11 lo.0sfo.c2] 002 [o21]0.14
20.[ o [orofoce[acefoos[os[oafatafoce|ace[ocs [ozmlomafo e os [acefo.1s M o0s o1 [oz2 19 [orofoz1[or2[ore[012 |oce o) 002 02|04 [888[0 15001 [007 o2 ooy
21 forr}or1fo 14[038] o 110180 18 [032 0 14|0.1¢0.00 fo 12022011 [a raf011|  fo.oe ElEHO30 |0 04 21 Jo1t 21[0.12[021 0.1} lo2e 020|021 [0.25 RESY 0 16|
22 [0 fao[oos [BBore u.wmwulmm.w.ummawu 030 22 ol oz (BB s4fose o2 [ozsfo.a[o1e[oas] o [oasfazsloca[ae]ozs o oo
23 fox 24008 [o0s [oz]ocz o 10 [o.10[0:18 00 [o0s 012 07 o10[oz2 004 23 [ors (010 .0s] 031 [032 [0.23].23]o.c0 007 (B8] 0|0 00 [ = o2 048] 210
-10
Group 3 (OSA)
C croup3 (0sA) D Group4 (P-08A)
Sra®TwoN®BoC o CSraUTUONOED O NG
cadoswoNs 2SI 2S QR jo SNOTBErEg T TIPSR
1 .02 (080 | ) R ) R o2s[001 [0.10 1 o2laifo.1s[02) ooe o-11]o.0efo oefo 18] ofoze Jo onf.cefo.re[a 2] otfoorfoos
2 [oo [RY 023/ 0.05[ 005 aaalozs 020 18018 0 0] 0.0 003 0 20[@Ha oo [958 0.20[ 0 080 0« [ 0.0 2 foczlfRo ofo eomslo o focofoar{gifazofosfoodfoofosafamaloclo oo foar o os[oi i
3548022 R 0 05 [0.28<.10 0,18 [940 020 | 0 20[0:27 | 0 0%] [0:24|-0:20[0.10[0.03 [0.12 |-0.18} 3 o [o.18f0:28f0.270.01 [o.04]0.02[0.04 fo.25]o.12 88 o7 0 21]0.01 oam|onuun§m
4 ln‘-aw 0.08 -0.12|0.22{022 |0.14 [0.08|-0.08 0 |0.12[0.02]-0.18(0.03 |-0.21[-0.18]-0.31 -0.18[-0.03|0.11 4.forsjony 0010.04[0.63 (0,07 0.0 9:121514) 559105 SRREI R R 2 0.0°).05 [0.0%1 0.1010. S
P = 5_fpa2[oasfo.1e fo oo} 17]0.180.14fo.o7l0.18f0.15f02sfo21fo 05 o 20f. 12| o Ta.2afo.1e [BMAfo 13 o.16]o.02]
5. fo8a[.0.00[o20] 0.12 [N .08 |08 [-020] 008 0.00 [o#] 0.12 [0.28] 0.0 03[0 18 [0 18] 0 05 [0m | 0.ca .11 [
— 05 6 [B8ocozfodor] o oifosao ofoor]o.t [oamfo osfoe 013 o7 ot fo oofougloosforq
6 o ofozoos e o o e e e e e e haid
— T wfpzrfooalore o1[032[o 040 0o 12fouselo.s forefo.refo.r2foszlo v [aaf o o7fo 100 s
7. 034 [0.16 [0.22] 0 00 020 [030[0:30 [ 0.17].0.00 888 o 16 038|025 0 05 [-0.12[ 013 [ o8 o 12|
8_|oosfozfoor oorforefootfoor s o, e i[ozfoorfona
8.Joos o2 [Rggllo4 | 020|020]020 024|022 R ERR) o1« o3 |02 IRERSI 0| 9 forr[astfooep ofoorfomales e ) X e e e e e e
10.Jocz|018 020008 208 [030]030 had | g 028 |ij0s| 02 10. Joceo o]0z o.12fo.1ef0 04lo 04007 o fosifo 1ofos se[orofo 7fossfood
11 Jooz[o.18|020] 08| 0csf020f030 008 [0.17 3 028 [048f0 38 0.22] 11_foosfoz3lo.04 fo.12f0.15f0.07]o.cao.05 [o.05 Jo20fo-14fo.17]o.0sfo.160.10 [o.04] 1] o]
o3z 010|027 | o 047 [0.17]0.24 001 |:0.24[0.14 [-0.13] 0 04 | 0. 00 [-0.16] 1510.04}0.25) l0.11o. 130z [o.0s {021 020} 10.25 10.11}0.08]0.13 |0.19/0.08 |0.09 0.08 |0.19 10.08{0.17 |
12 0 o]
1302 {000 0.05[0.12 012 0.00 [-0.00[0.22[ .08 [o.08 [0.28 [ER o 02 | 0.08 [0:48]-0.07[o.18 ~Ms-nm-uu 13.Joosjossfo.12fo.os| zfﬁlﬂm oef.100.14[025| 2000.18]0.12[0.12 0.27{0.07[0.15 0 08021
e G 0. [0 [38 0.0 [o.0 [RERBlii |08 14 fp 1afoosfoosfocs omsloraforsforfor foad[oosfovefovo[oa oo 0100280 2
0 o o o e e e 000 028 [0 2 o o[ [e %0 15. oo i (BTG S18| |0 s oo 621 R 168101 0108
= e .13]0.13 10.16/0.1¢ ).1810.19(0.13 0.1 E 1 .1
16 = ol 2 L 16.fossfo.cfozipaiforsforsfarelorefocdarfororaforsfocs o34lo.0sJos [orefooso-tsfo.r
- 17 fosossfoorfooz| o [oorfosaforzlozz]o.10]o 10fo 16fo.12]0 180 re{04REEM0as 0 210 130 cafo.12[0.07]
17 [5ut|o co[oas[em]oss [oasom[on| = [ o [oae]oor[ose[o foza Yo [BR] oo« [o28 .
0518 fozefo s 0.04f0.04[0.08 [0.12 [0 19J0.20]c 05 [oias] 10]o.12]o.10f0.0s]
18 foofo e[ afocs|ocs [o58 ) e S o0[ous o] —
19 pifoar 000 [0:27[023 fo.11]0 0o fo.21]0.10 [030fo.s
T r
19, o8] o20] 100|005 [o12 [o.12]021 [o28 [ozs [0 12 o cs[ 008 [0 caf oal .00 [031 021 20 B o101 100 oo oo Tl elnns o NG 550 o
21.Joafoss|oos fossloatfonsloss R ) ) = 21 footpaipasfordosonsforfozzloe o001 10 oo o3 oo oo o200} o
22 Joot |oo4 012 [002]00 033|038 038000 0.17 (0300 04 [0.28 0 00 [0.81 22 fooy| 18f.10]0.10[0.01 [o230.04f0.070 0sfo 00028 0280 18 .12[0 050 0ol 16[ 010}
23 [oe]ocs [as[axs [o11].12[o.12 [028] 022 0.22[ 8]0 015 [aaf o.co [0 < 3 o129 23 foee oo2fossfoct[oraloc) o7[oz1 o2 fozsforofoor fozzfozsfoefoczfozz]
10 it
1. Age 9. Stage of periodontitis 17. Purple complex
2. Sex 10. Presence of caries (%) 18. Green complex
3. HTN 11. Carious teeth 19. Orange complex
4. HLP 12. Biofilm (%) 20. Red complex
5. HT 13. Presence of calculus 21. Candida spp.
6. Teeth present 14. Grade of OSA 22. Lactobacillus spp.
7. Teeth absent 15. Yellow complex 23. Other microorganisms

8. Teeth with periodontitis (%) 16. Blue complex





OEBPS/Images/table4.jpg
Saliva
Subgingival
plaque
Gingival
sulcus

Yellow
complex

0.32
0.44

0.24

Blue
complex

0.14
0.50

0.36

Purple
complex

0.54
037

0.09

e bold values means Kruskal-Wallis chi-squared p-value < 0.05.

Green
complex

0.17
0.50

0.33

Orange
complex

0.28
0.45

0.28

Red
complex

0.25
0.75

0.00

Candida
spp.

0.50
0.42

0.08

Lactobacillus
spp.

0.71
0.16

0.12

Other

0.54
0.28





OEBPS/Images/table3.jpg
OSA Diagnosis

Periodontal diagnosis Non-OSA Mild OSA Moderate OSA Severe OSA p-value
Fr % Fr % Fr % Fr %

Non-periodontitis 25 60 11 65 4 29 4 20 0.2813

Stage I 1 2 0 0 0 0 0 0 0.0157

Periodontitis (Mild)

Stage II Periodontitis (Moderate) 3 7 1 6 3 21 1 5

Stage III Periodontitis (Severe) 12 29 5 29 6 43 15 75

Stage IV Periodontitis (Advanced) 1 2 0 0 1 7 0 0

Total 42 100 17 100 14 100 20 100

Fr: Frequency, %: Percentage; two-way ANOVA, p < 0.05.
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Group 1 (H) Group 2(P) Group 3 (OSA) Group 4(P-OSA)

(n =25) (n=17) (n=19) (n=32)
Demographic parameters
Age (years), mean (SD) 46 (14) 41 (10) 50 (13) 49 (11)
Sex (female) (%) 80 76 63 34
Sex (male) (%) 20 24 37 66
Systemic conditions
HTN (%) 12 18 42 19
HLD (%) 8 6 11 3
HT (%) 8 18 11 19
Clinical parameters
Teeth present, mean (SD) 26.0 (3.92) 26.8 (2.22) 23.89 (6.29) 25,22 (5.59)
Missing teeth, mean (SD) 5.96 (3.92) 523 (2.22) 8.1 (6.29) 6.78 (5.62)
Percentage of teeth with periodontitis, mean 1.94 (3.57) 43.83 (24)* 1.62 (3.15) 38.48 (21.25) *
(SD)
Presence of caries (%) 12 18 5 31
Percentage of biofilm, mean (SD) 23 (16) 45.2 (25.95) ** 38.6 (20.63) ** 40.6 (18.7) **

Group 1 (H) healthy patients, non-periodontitis, and non-OSA; Group 2 (P) periodontitis and non-OSA patients; Group 3 (OSA) OSA and non-periodontitis patients; Group 4 (P-OSA)
periodontitis and OSA patients. SD, standard deviation. HTN, arterial hypertension; HLD, hyperlipidemia; HT, hypothyroidism. Significant differences, G1 (S) vs. G2 (P) p < 0.0001% Gl (S) vs.
G4 (PA) p < 0.0001% G1 (S) vs. G2 (P) p = 0.0014**; G1 (S) vs. G3 (P) p = 0.0072**, G1 (S) vs. G4 (P) p = 0.0004**. Multiple t-test (multiple comparisons using the Bonferroni-Dunn method).
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