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Abstract

Background: Obstructive sleep apnea (OSA) and periodontitis share several risk factors,
including systemic diseases, inflammation, and plaque accumulation from mouth-breathing. The
relationship and its potential mechanisms are still poorly understood. Whereas prior research has
predominantly examined the periodontitis-OSA association beginning with an OSA diagnosis,
this present study investigates this relationship starting with a periodontal diagnosis.

Aim: This cross-sectional study was performed to investigate the association between
periodontitis and OSA, and potential risk factors including pro-inflammatory cytokines.

Methods: Forty patients (21 periodontitis patients with generalized Stage I1I Grade B or C; 19
non-periodontitis patients with clinical gingival health on an intact or reduced periodontium)
were included in this study. Full periodontal exam assessed plaque index, bleeding on probing,
probing depths, and clinical attachment loss. Obstructive sleep apnea was diagnosed using an
overnight Level 3 home sleep apnea test. Gingival crevicular fluid (GCF) samples were collected
for cytokine analysis.

Results: Periodontitis was not significantly associated with OSA. However, both periodontitis
and OSA demonstrated a significant increase in Interleukin-1p (IL-1p), suggesting shared
inflammatory pathways. Plaque score was significantly higher in OSA patients and significantly
associated with body mass index (BMI) >25.

Conclusion: The relationship between periodontitis and OSA may be mediated by systemic
inflammation, plaque accumulation via mouth-breathing, and shared risk factors (e.g. high BMI),
which can also contribute to the increased systemic inflammatory burden. Considerations for
periodontal care should include the oral-systemic link and related systemic conditions such as

OSA for reducing the overall inflammatory load and improving patient outcomes and overall
health.
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Introduction

Periodontitis is a chronic inflammatory condition involving dysbiosis of the subgingival biofilm
and a dysregulated inflammatory host response, resulting in destruction of the attachment
apparatus around teeth. !> Inflammatory cytokines associated with periodontal disease circulate
through the bloodstream and has been linked to several systemic health conditions, including
diabetes, cardiovascular disease, low birth weight, rheumatoid arthritis, and more recently,
obstructive sleep apnea (OSA).>”’

OSA is defined as a chronic disorder characterized by repeated, total (apnea) or partial
(hypopnea) upper airway collapse during sleep.® This results in intermittent hypoxemia and
oxidative stress, which can increase systemic inflammation and subsequently, has been linked to
several systemic diseases such as hypertension, stroke, myocardial infarction, congestive heart
failure, COPD, and diabetes mellitus.”~!> The severity of OSA is quantitatively assessed and
diagnosed using sleep apnea test, an at-home overnight sleep study which determines the number
of apnea and hypopnea episodes per hour of sleep, also known as the apnea-hypopnea index
(AHI).!?> OSA can also be measured by the oxygen desaturation index (ODI) which characterizes
intermittent hypoxemia, a physiologic response from OSA that is likely responsible for the
systemic complications seen in OSA participants.!'4

Through intermittent hypoxia and oxidative stress, OSA is marked by increases in the release of
inflammatory cytokines, many of which overlap those seen in periodontitis, including
interleukin-1p (IL-1B), interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-a.), and C-reactive
protein.*!>-17 As such, it is possible that OSA and periodontitis share a common underlying
inflammatory pathway.

OSA and periodontitis also share similar risk factors, including male sex, older age, obesity,
cardiovascular events, mouth breathing, diabetes, and cigarette smoking.'® The relationship
between the two conditions may be comorbid rather than causal. As well, poor oral hygiene and
plaque in periodontitis participants may be correlated with OSA."

Although previous studies have demonstrated a potential association between OSA and
periodontitis, the relationship and potential mechanisms are still not fully understood.*!® Further
understanding of this association will aid clinicians in addressing potential contributing factors in
the comprehensive management of periodontitis. While much of the research has previously
looked at the presence of periodontitis in a cohort of OSA patients, this study was one of the first
to examine the presence of OSA within a periodontitis cohort. The aim of this cross-sectional
study was to determine the possible association between periodontitis and OSA in a group of
Manitoban adults. In addition, it compared pro-inflammatory cytokines in gingival crevicular
fluid (GCF) samples between those with or without periodontitis and/or OSA.



Materials & Methods

Prior to data collection, examiner calibration was conducted to ensure intra-examiner
reproducibility and consistency for periodontal measurements. A single examiner (SD) recorded
probing depth (PD) and clinical attachment level (CAL) at six sites per tooth in 7 subjects who
were not part of the final study cohort. Measurements were repeated after 2 hours. Calibration
was considered acceptable when repeated measurements were within £1mm for at least 90% of
sites. Intra-examiner agreement was quantified using intraclass correlation coefficients (ICC),
which was 0.92 and 0.89 for PD and CAL, respectively.

Participants presented to the Dr. Sam Borden Periodontology Clinic, Canada, Southwest
Specialty Group, Canada, and Dr. Gerald Niznick College of Dentistry, Canada from January
2024 to December 2025. Participants presenting for either a new periodontic examination, a
limited periodontal examination, or an annual periodontic re-evaluation were screened for
enrollment in this cross-sectional study. Using a UNC-15 probe, the calibrated examiner (SD)
performed all periodontal examinations, which included plaque index (PI), probing depths (PD),
bleeding on probing (BOP), and clinical attachment level (CAL).2°22 The periodontal diagnosis
was performed by the examiner (SD) and verified by a periodontist (CS), who was blinded by
the diagnosis of the examiner (SD). All diagnoses were in accordance with the 2017 World
Workshop American Academy of Periodontology/European Federation of Periodontology
(AAP/EFP).%

Once a periodontal diagnosis was reached, participants were assigned into either the periodontitis
group (Generalized Periodontitis Stage III or IV with a BOP>20%) or the non-periodontitis
group [Clinical Gingival Health on an Intact or Reduced Periodontium (BOP<10%)].
Participants were excluded if they met any of the following exclusion criteria: 1) Age <18 years
old; 2) under current treatment for OSA; 3) periodontal treatment within the past 6 weeks; 4)
antibiotic treatment within the past 3 months; 5) required antibiotic prophylaxis prior to
periodontal examination. All participants signed written informed consent after explaining the
conditions and exams to be performed. This study protocol was reviewed and approved by the
Health Research Ethics Board of the University of Manitoba, Canada [H2023:344 HS26237].

Participants completed a questionnaire to record age, gender, height and weight for calculation of
body mass index (BMI), presence of diabetes, hypertension, or high cholesterol, smoking status,
alcohol consumption, and history of mouth breathing, snoring, and daytime sleepiness. The
clinician recorded the participant’s neck circumference and presence of scalloped tongue.
Samples of gingival crevicular fluid (GCF) were taken by the clinician. The sample locations
were isolated with cotton rolls and carefully air-dried to avoid saliva contamination. The sample
was obtained from the two deepest pockets by inserting a paper strip into the sulcus for 30



seconds, for a total of two samples per participant. Paper points were placed into coded
Eppendorf tubes and stored at -80 degrees Celsius prior to biochemical examination.

All participants underwent an overnight Level-3 home sleep apnea study (Medigas Manitoba
Ltd.) at their own home. The test measured apnea and hypopnea events, oxygen desaturation
(percentage and index), breathing effort, snoring events, and pulse. A report was provided by a
sleep medicine specialist, which included the OSA diagnosis and severity based on the apnea-
hypopnea index (AHI). AHI was defined as apneas plus hypopneas per hour of sleep.!*> OSA was
diagnosed when the AHI score was 35. Participants with an AHI <5 were categorized as not
having OSA, while the remaining participants were diagnosed with either mild OSA (AHI: 5 to
<15), moderate OSA (15 to <30), and severe OSA (330), as per the AASM recommended
guidelines.!® The Oxygen Desaturation Index (ODI) score, which was also recorded on the sleep
apnea report, was the number of times per hour the blood oxygen level dropped significantly (3-
4%), reflecting breathing interruptions and oxygen deprivation during sleep. According to the
severity of OSA and periodontal diagnosis, the patients were classified into four groups: H:
clinical gingival health and non-OSA patients; OSA: clinical gingival health and OSA patients;
P: periodontitis and non-OSA; and P-OSA: periodontitis and OSA patients. Fifty-one
participants were originally recruited for the study; however, 11 participants voluntarily
withdrew after the sleep study test was inconclusive and the participant chose to not re-test.
Thus, a total of 40 participants were enrolled: 21 periodontitis participants and 19 non-
periodontitis participants. Z-test logistic regression demonstrated that a sample size of 32 is
sufficient to achieve adequate statistical power (0=0.05).

A MDS (Rockville, Maryland, USA) VPLEX 7-plex custom panel Human Inflammatory
Cytokine Kit was used for the detection and quantification of the following cytokines:
Interleukin-1p (IL-1B), Interleukin-2 (IL-2), Interleukin-4 (IL-4), Interleukin-6 (IL-6),
Interleukin-8 (IL-8), Interleukin-10 (IL-10), Tumor Necrosis Factor a (TNFa), and Interferon
gamma (IFNy) in PICF samples. Periopaper samples were treated to extract the protein by
incubating the Periopaper in 150 pl of extraction solution for one hour on ice, followed by a brief
centrifugation.?*?° Protein estimation in the samples was analyzed using BioRad DC protein
assay and other methods as described previously.?62” Then, 50 pl of the supernatant containing
equal amount of protein was added directly to the VPLEX 96 well 10 spot plate. The solution
used for the extraction was 1X PBS, and 0.05%Tween-20. The samples and the standard solution
were incubated at room temperature for 2 hours on shaker followed by three washes using MSD
wash buffer. Next, detection antibodies mixture was added in 25ul into each well and incubated
at room temperature for 2 hours. Data was read using a MSD SECTOR Imager 2400 (MSD,
USA) after adding 150ul of read buffer as provided by Kit and the units of the readings was
expressed in pg/ml. The average absorbance reading of the samples was determined.



Data were analyzed with statistical software IBM SPSS Statistics Version 31.0 (IBM Corp.,
2025). A descriptive analysis using means, standard deviations, frequencies, Pearson’s chi-
square analysis, and independent sample t-test were used to analyze the demographic variables,
periodontal parameters of the patients, OSA results and indexes, and cytokine concentrations.
Univariate ANCOVA was performed to evaluate the effects of OSA and periodontitis on
cytokine levels, adjusting for confounding variables (age, gender, BMI, smoking, alcohol use,
and diabetes). Covariates for this model included age, gender, BMI, smoking, diabetes, and
alcohol consumption. All tests were performed with p value <0.05 as significance level.

Results
Study population and sleep study results

Forty patients (18 women, 22 men) were included. The mean age was 56 + 16 years in the non-
periodontitis group and 55 + 12 years in the periodontitis group. Among patients with OSA,
mean age was 60 + 11 years based on AHI and 59 + 12 years based on ODI. With respect to
OSA severity based on the AHI index, 35% of patients had no OSA (n=14), 25% had mild OSA
(n=10), 27.5% had moderate OSA (n=11), and 12.5% had severe OSA (n=5) (Figure 1A).
Diagnosis based on the ODI index showed similar results, albeit two participants had mild OSA
rather than no OSA (Figure 1B). Patients with periodontitis exhibited significantly higher plaque
scores (37 = 30% vs 10 + 13%) and bleeding on probing (BOP) scores (50 + 29% vs 4 + 3%)
compared to those without periodontitis. No statistically significant differences were observed
between periodontitis and non-periodontitis groups for systemic variables (BMI, diabetes,
hypertension, hyperlipidemia, smoking, alcohol use) or for OSA status (based on AHI or ODI).
Similarly, sleep-related characteristics (mouth breathing, snoring, daytime sleepiness, scalloped
tongue, neck circumference, and oxygen saturation) did not differ between groups, however the
subgroups had limited size for analysis. Notably, plaque score *10% was found to be
significantly associated with BMI (p=.016) and neck circumference (p=.028) (Table 1).

OSA Characteristics

Compared to non-OSA patients, those with OSA (based on both AHI and ODI) were
significantly older (60£11 years vs 49117 years) and had higher BMI (29£12 vs 23£2). No
significant differences were observed for gender, diabetes, hypertension, hyperlipidemia,
smoking, or alcohol use, however sample size was limited for this analysis. Sleep-related
variables (mouth breathing, snoring, daytime sleepiness, scalloped tongue, and neck
circumference) were also comparable between groups. Higher plaque scores (> 10%) were
significantly associated with OSA (AHI: p = 0.047; ODI: p = 0.038), however BOP >10% was
not (Table 2). Mean plaque scores between each study group shows a tendency for higher plaque
in the OSA group than the H group, despite not having periodontitis (Figure 2).



Cytokine analysis

IL-1pB was significantly associated with periodontitis (p = 0.003) and OSA (p = 0.010) (Figure 3
and 4). OSA defined by AHI was associated with IL-1B (p = 0.010), IL-6 (p = 0.032), and IL-8
(p = 0.046), while AHI >15 was associated with IL-10 (p = 0.012) and IL-1p (p = 0.03). OSA
defined by ODI was associated with IL-18 (p = 0.021) and IL-4 (p = 0.031), while ODI >15 was
associated with IL-10 (p =0.012) and IL-1B (p = 0.03).

Other systemic and periodontal factors were also significantly associated with an increase in
cytokines. BMI >25 was associated with IL-8 (p = 0.027), mouth breathing was associated with
IL-10 (p = 0.035) and IL-2 (p = 0.031), and neck circumference >16” was associated with IL-10
(p =0.027). Plaque score >10% was also significantly associated with IL-1f (p = 0.027) (Figure
4).

Comparison of the 4 groups demonstrates a significant higher concentration of IL-1f in the P-
OSA group compared to H group (p=.003), OSA group (p=.009), and P group (p=.041). In
addition, IL-8 showed borderline significance between the P group and the P-OSA group
(p=-051). The other cytokines analyzed did not show a significant difference between the groups.
IL-8 had the highest concentration in all four groups, compared to the other cytokines analyzed.

Correlation analysis

Univariate ANCOVA revealed no significant interaction between OSA and periodontitis (p =
0.109). However, OSA was significantly associated with increased IL-1p levels (p = 0.019), and
this association remained significant after adjusting for periodontitis and confounders (age,
gender, BMI, smoking, alcohol use, and diabetes) (p = 0.019) (Figure 4). No significant
interactions were observed for other cytokines.

Discussion

This study investigated the relationship between obstructive sleep apnea (OSA) and
periodontitis, as well as potential mechanisms and risk factors. The present study found no
significant association between periodontitis and OSA. This is consistent with Arango Jimenez et
al.?® who found no significant difference, albeit a higher prevalence of severe OSA in a
periodontitis group. The present study does not support the majority of the existing literature that
there is a significant relationship between OSA and periodontitis.!>16:18:30-33 However, systematic
reviews have reported that robust evidence of this relationship lacking due to the heterogeneity in
the existing literature, related to differences in assessment of periodontitis and OSA, small



sample sizes, and lack of adjustment of confounders.*?° The lack of association in this present
study with a moderate to severe periodontitis cohort compared to others with an OSA cohort may
suggest that OSA has a stronger risk for periodontitis than vice versa, and/or that those with
periodontitis in an OSA cohort may have only mild periodontitis.

Several hypotheses aim to explain the mechanism by which periodontal disease is related to OSA
and vice versa. OSA and periodontitis are both associated with elevated systemic inflammation,
which was observed in this study as both conditions were associated with increased IL-1f levels.
This finding reinforced the role of IL-1p in the pathophysiology of periodontitis and OSA and
further supports a systemic link between the two conditions. This is in accordance with Gamsiz-
Isik et al.'® who found an increase in IL-1p levels in the GCF of OSA patients and was strongly
correlated with periodontal parameters. Téllez Corral et al.’* also found elevated cytokine levels
in patients with both OSA and periodontitis, suggesting a shared inflammatory profile. This link
of systemic inflammation between periodontitis and OSA may potentially beby mediation or
comorbidity. Plausibility has been previously reported; systemic inflammation contributes to
dysregulation of the carotid body, upper airway muscle dysfunction, and impaired respiratory
control.>” Systemic inflammation may increase both the onset and the severity of OSA, and it
may increase the risk of systemic diseases like cardiovascular disease, which further increase the
risk of OSA.

Other cytokines analysed were not significantly higher in the P-OSA group. IL-8 had high
concentrations in all 4 groups compared to the other cytokines, likely due to its role as a potent
chemokine for neutrophils and directing cells to sites of inflammation.® Similarly, Téllez-Corral
et al.3* found a higher expression of IL-1f and IL-6 in saliva and IL-6, IL-17A, and IL-33 in
GCF in patients with periodontitis and OSA, however the latter of these cytokines were not
investigated nor was salivary analysis performed in the present study. The variable
concentrations of cytokines may be attributed to the fact that cytokine concentrations differ when
measured at different points throughout disease processes. Although cytokines are broadly
categorized as either pro-inflammatory or anti-inflammatory, some cytokines (i.e. IL-6) can act
as both, depending on the cellular microenvironment and timing of immune response, attributing
to its pleiotropic nature. This may explain why some cytokines are in high or low concentrations
in the GCF samples of the present study.

Mouth-breathing was also investigated as an important factor as it relates to encouraging airway
collapse and creating a cycle of airway obstruction giving rise to OSA. Its relationship to the oral
cavity is critical as it may promote xerostomia and plaque accumulation, which can increase the
risk for dysbiosis and periodontal disease.?® In the present study, higher plaque scores were
significantly associated with both periodontitis and OSA. This is consistent with previous
studies!6-2%40 that have linked OSA to increased oral biofilm accumulation. Associations between
OSA and dysbiotic microbiota, including Prevotella melaninogenica and Candida albicans, have



also been reported,**? suggesting a distinct change in the composition of plaque in OSA.
Furthermore, plaque score was associated IL-1f, highlighting the importance of plaque buildup
in the pathogenesis of periodontal disease and OSA.

BMI was also investigated as an important risk factor for both diseases. BMI was significantly
associated with OSA, which is consistent with the literature.?® Higher BMI is associated with
increased fat deposits in the neck which can contribute to upper airway narrowing and induce a
pro-inflammatory state through the release of cytokines.?® Notably, BMI was also a significantly
associated with plaque score, suggesting that the narrowing of the airway may cause a greater
tendency for mouth breathing, which can increase plaque accumulation. The association between
larger neck circumference and higher plaque scores observed in this study further supports this
potential mechanism.

This study has some important limitations. The study had a small sample size, which limited
statistical power, subgroup analysis, and the ability to control for confounders. In addition, the
cross-sectional design was not suitable for inferring mediation or causality. The non-periodontitis
group may have been biased toward individuals at higher risk for OSA, as many of them may
have participated out of personal concern for suspected OSA. Patients who had concerns of
snoring or history of a physician indicating concerns for OSA may have made them more likely
participate in the study.

Despite these limitations, this study has several strengths. A sleep study was performed, which is
considered gold standard for diagnosing sleep apnea, compared to questionnaires. Unlike prior
studies that evaluated OSA cohorts for the presence of periodontitis, the present study examined
the prevalence of OSA within a periodontitis cohort, offering a different perspective on this
relationship. In addition, participants were only enrolled in the periodontitis group if they had
severe periodontitis (i.e. Generalized Periodontitis Stage III or IV with a BOP>20%). This
approach ensured that the periodontitis group demonstrated robust signs of clinical inflammation
and, more likely, a higher systemic inflammatory burden as well. The cytokine analysis further
demonstrated that both periodontitis and OSA increase the systemic inflammatory burden, which
may present a shared pathway linking them and potentially influencing other systemic diseases.
Identification of systemic factors (e.g. BMI) and periodontal factors (e.g. plaque score) that are
significantly associated with OSA may suggest underlying mechanisms that require further
investigation.

Conclusion

In conclusion, periodontitis was not statistically significantly associated with OSA. Despite this,
both periodontitis and OSA demonstrated a significant increase in IL-1f, suggesting shared
inflammatory pathways. Plaque score, age, and BMI were significantly higher in OSA patients.



The relationship between periodontitis and OSA may be mediated by systemic inflammation,
plaque accumulation via mouth-breathing, and shared risk factors (e.g. high BMI), which can
also contribute to the increased systemic inflammatory burden. Considerations for periodontal
care should include the oral-systemic link and related systemic conditions such as OSA for
reducing the overall inflammatory load and improve patient outcomes and overall health.
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Appendix

Table 1. Patient demographics, periodontal parameters, and sleep study results.

Non-periodontitis | Periodontitis group
group n (%)
n (%)
Patient Demographics
Age 56 £ 16 years 55 £ 12 years
Gender
Male 11 (58) 11 (52)
Female 8 (42) 10 (48)
BMI 265 28 +5
Diabetes 1(5) 3(14)
Hypertension 3 (16) 5(24)
High Cholesterol 2(10) 2 (10)
Current Smoker 1(5) 3(14)
Former Smoker 5(26) 1(5)
>3 alcohol drinks/week 2 (11) 3(14)
Mouth breather 10 (53) 7 (33)
Snores 17 (90) 13 (62)
Daytime sleepiness 10 (53) 8 (38)
Scalloped tongue 3(16) 6 (29)
Neck circumference 1612 162
Neck circumference >16" | 10 (53) 13 (62)
Periodontic Parameters
Plaque score (%) 10 £13 37£30*




BOP score (%) 443 504+29*
PSG Results
AHI 13+£12 16+ 14
OSA (based on AHI
index)
No OSA

© 8 (42) 6 (29)
Has OSA

as 11 (58) 15 (71)
ODI 13£12 1614
OSA (based on ODI
index)
No OSA

© 7 (37) 5 (24)
Has OSA

12 (63) 16 (76)

Oxygen Saturation
<88% 13 (68) 15 (71)

* denotes p<.05
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Figure 1. Frequency and severity of OSA based on the A) AHI index and B) ODI index.

Table 2. Patient demographics and periodontal parameters based on OSA diagnosis from the
AHI and ODI indexes.

AHI ODI

NoOSA | OSA NoOSA | OSA
(AHI<S) | (AHI>5) |(ODI<5) | (ODI>5)

Patient Demographics




Age 49+17 60+11* 49+16 59+12%*
Gender

Male 9(64) 13 (50) 7 (58) 15 (54)
Female 5(36) 13 (50) 5(42) 13 (46)
BMI 23+2 29 +£12% 23+2 28+5%
Diabetes 1(7) 3(11) 1(8) 3(11)
Hypertension 1(7) 727) 1(8) 7 (25)
High Cholesterol | 0 (0) 4 (15) 0 (0) 4 (14)
Current Smoker 2 (14) 2(7) 1(8) 3(11)
Former Smoker 2 (14) 4 (15) 2(17) 4 (14)
>3 alcohol 1(7) 4 (15) 1(8) 4 (14)
drinks/week

Mouth breather 6 (43) 11 (42) 5(42) 12 (43)
Snoring 9 (64) 21 (81) 8(67) 22(79)
Daytime 4 (22) 14 (54) 3(25) 15 (54)
sleepiness

Scalloped tongue | 1 (7) 8(31) 1(8) 8(29)
Neck 15+2 16 £2 1542 1612
circumference ()

Neck 6 (43) 17 (65) 5(42) 18 (64)
circumference

>16”

Periodontic Examination

Plaque score 4 (29) 16 (62)* 3(25) 17 (61)*
210%

BOP score >10% | 6 (43) 15 (58) 5(42) 16 (57)

* denotes p<.05
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Figure 2. Plaque scores (%) in all 4 groups: 1) H: non-periodontitis and non-OSA, 2) OSA: non-
periodontitis and OSA, 3) P: periodontitis and no OSA, and 4) P-OSA: periodontitis and OSA.
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Figure 3. Cytokine concentrations (pg/mL) in GCF samples divided into 4 groups: 1) H: non-
periodontitis and non-OSA, 2) OSA: non-periodontitis and OSA, 3) P: periodontitis and no OSA,
and 4) P-OSA: periodontitis and OSA. A) Cytokines: I[FNy, IL-10, IL-2, IL-4, IL-6, and TNFa.
B) IL-1B, IL-8.

* denotes p<.05
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Figure 4. Schematic diagram of the associations between periodontitis, OSA, and variables
investigated (systemic diseases, IL-1B, plaque score, BMI>25).



