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Abstract: Background: Obstructive sleep apnea (OSA) has been associated with adverse
oral function outcomes, yet its association with oral function remains underexplored. This
study aims to analyze the association between OSA and oral function problems, and
whether these relationships are more pronounced among socioeconomically disadvantaged
groups. Methods: Data were derived from the 2022–2023 Korea National Health and
Nutrition Examination Survey (KNHANES), including 6349 participants aged 40 and above.
OSA risk was assessed using the STOP-Bang questionnaire. Oral function was evaluated
through chewing discomfort, speaking discomfort, and dental pain. Complex sample
logistic regression was performed, adjusting for demographic, socioeconomic, and health-
related covariates. Stratified analyses were conducted to examine whether the association
differed across socioeconomic groups. Result: High OSA risk was significantly associated
with chewing discomfort (OR: 1.365, 95% CI: 1.121–1.662), speaking discomfort (OR: 1.534,
95% CI: 1.126–2.082), and dental pain (OR: 1.198, 95% CI: 1.006–1.431). Stratified analyses
showed stronger associations in low education or income groups. For instance, those in
the lowest income group were over five times more likely to report speaking discomfort
(OR = 5.207, 95% CI: 2.365–11.462) than those in the highest. Conclusions: OSA risk is
significantly associated with impaired oral function, particularly among socioeconomically
disadvantaged groups. These findings underscore the need for integrated public health
approaches that address both sleep and oral health disparities.

Keywords: obstructive sleep apnea; oral function; socioeconomically disadvantaged groups

1. Introduction
Sleep is a fundamental physiological process crucial for human health, impacting

the quality of life through its restorative functions, including energy regulation, memory
consolidation, and immune system support [1]. Adequately, high-quality sleep is, thus,
indispensable for overall well-being and productivity. However, a concerning global
trend shows a decline in adult sleep duration, exacerbated by factors associated with
economic development and evolving societal norms [2]. South Korea, characterized by
a highly competitive and stressful environment, experiences a particularly pronounced
deterioration in sleep health among its population [3].
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One significant factor compromising sleep quality is sleep apnea, a disorder charac-
terized by recurrent breathing interruptions during sleep. This condition is increasingly
prevalent globally, including in South Korea, likely fueled by the adoption of Western-
ized dietary habits and lifestyles [4]. Sleep apnea is broadly classified into central and
obstructive types [5].

Obstructive Sleep Apnea (OSA) is the most common subtype of sleep apnea, which has
drawn increasing attention due to its high prevalence. Representing approximately 80–90%
of cases, it involves the cessation of breathing due to the physical collapse or obstruction of
the upper airway during sleep [6]. According to a systematic review of population-based
studies, the prevalence of OSA, defined by an apnea–hypopnea index of ≥5 events per
hour, ranges from 9% to 38%, with significantly higher rates observed in men [7].

The insidious nature of OSA, occurring during sleep, often leaves individuals unaware
of their condition, highlighting the importance of awareness among family members
and healthcare providers to mitigate the risk of secondary complications stemming from
airway obstruction [8,9]. In addition to its episodic breathing disruptions, OSA is often
accompanied by chronic insufficient sleep duration. According to the American Academy
of Sleep Medicine and the Sleep Research Society, adults are recommended to sleep at least
7 h per night to promote optimal health, with shorter durations linked to increased risks of
cardiovascular disease, diabetes, and mortality [10].

South Korea presents a notable prevalence of OSA. A nationwide survey revealed that
15.8% of adults are at high risk for OSA, with a higher incidence observed among older
individuals and those with elevated body mass index [11].

Despite this, public awareness of sleep apnea syndrome remains limited, underscoring
the need for enhanced education and screening initiatives [12]. Obesity has been identified
as a major risk factor for OSA, and its prevalence varies according to sociodemographic and
socioeconomic characteristics [13]. In response to the growing need for OSA management,
continuous positive airway pressure (CPAP) therapy has been introduced and increasingly
utilized in South Korea [14]. According to the American Academy of Sleep Medicine
(AASM), CPAP remains the first-line treatment for OSA due to its robust efficacy [15].
However, for patients who are intolerant to CPAP, the AASM recommends a personal-
ized approach involving alternative options such as mandibular advancement devices,
positional therapy, lifestyle modification, and, in selected cases, surgical interventions
like maxillomandibular advancement or upper airway stimulation [16]. These guidelines
underscore the importance of individualized, patient-centered care in improving treatment
adherence and outcomes.

OSA is strongly associated with an increased risk of developing serious secondary
health conditions, including cardiovascular disease and diabetes [17]. Emerging evidence
also implicates OSA in adverse oral health outcomes. A comprehensive review of the
literature demonstrated significant associations between OSA and a spectrum of oral health
issues, such as bruxism, xerostomia (dry mouth), periodontal disease, temporomandibular
joint disorders, palatal and dental alterations, and even changes in taste sensation [18–20].

Malocclusion, particularly skeletal abnormalities such as mandibular retrognathia,
maxillary deficiency, or narrow maxilla, have also been identified as key anatomical risk
factors for OSA due to their compromising effect on upper airway space during sleep. In
severe cases, surgical approaches such as maxillomandibular advancement (MMA) have
been shown to significantly improve airway patency and alleviate OSA symptoms, partic-
ularly among patients with craniofacial anomalies. These findings support the growing
recognition of structural orofacial contributions to sleep-disordered breathing and highlight
the importance of evaluating skeletal morphology in OSA risk assessment [21].
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Importantly, recent shifts in the conceptualization of oral health emphasize not only
clinical conditions but also functional capacities that directly affect daily life. Rather than
being limited to clinical indicators or disease absence, oral health is now recognized to
include the ability to perform essential functions, such as chewing and speaking, without
pain or discomfort. This broader definition, endorsed by both the World Health Organiza-
tion and the FDI World Dental Federation, positions oral function as a core component of
oral health [22,23]. Within this framework, chewing discomfort, speaking discomfort, and
dental pain, which are referred to as oral function problems, are increasingly acknowledged
as meaningful indicators of oral health-related quality of life (OHRQoL) [24,25].

Although the relationship between OSA and clinical oral disease has been relatively
well documented, its potential impact on oral function remains underexplored. Recent
population-based evidence suggests that this link warrants closer attention. A nationally
representative Korean study found that individuals at high risk of OSA had significantly
higher odds of experiencing dental pain [26]. Additional research has shown that greater
OSA severity is associated with orofacial pain, which may interfere with basic oral functions
such as chewing and speaking [27]. Collectively, these findings point to a need for a
more comprehensive understanding of how OSA may contribute not only to clinical oral
pathologies but also to functional impairments that directly affect everyday quality of life.

Despite the recognized significance of oral function in maintaining overall health and
quality of life, research directly examining the association between OSA and oral function
remains limited. While the effects of OSA on systemic conditions and clinical oral disease
have been widely studied [28–30], much less attention has been given to its potential impact
on the functional aspects of the oral system. Existing studies have instead explored how
sleep duration or overall sleep quality relates to outcomes like chewing ability and oral
discomfort with a paucity of research specifically addressing the effects of OSA [24,25,31].

Furthermore, several studies have acknowledged the link between OSA and the so-
cioeconomic disadvantage [32–34], few have focused specifically on how these disparities
manifest in functional oral health outcomes. A systematic review confirmed that indi-
viduals with lower income levels are at consistently higher risk of OSA across diverse
populations [32], and recent evidence also points to income disparities in OSA preva-
lence [34,35].

Therefore, research investigating the impact of OSA on oral function among Koreans,
as well as within these specific vulnerable populations is particularly lacking. To address
this gap, this study analyzes nationally representative data from the Korea National Health
and Nutrition Examination Survey (KNHANES) to examine the relationship between
OSA and oral function. Specifically, this study investigates the prevalence of OSA and
oral function problems among Korean adults aged 40 and older. It also explores how
oral function varies according to socioeconomic and health-related factors, and assesses
whether individuals with higher OSA risk are more likely to experience problems such as
chewing discomfort, speaking difficulty, and dental pain. Furthermore, the study examines
whether these associations are more pronounced in low-income or low-education groups
to determine if OSA has a disproportionate impact on vulnerable populations.

Grounded in these objectives, we established the following hypotheses: (H1) ob-
structive sleep apnea (OSA) is significantly associated with oral function problems; (H2)
individuals with a higher risk of OSA are more likely to experience greater difficulties
in chewing, speaking, and dental pain; and (H3) these associations are more prominent
among socioeconomically disadvantaged groups, particularly those with lower education
or household income (see Supplementary Figure S1).

Through this research, we endeavor to identify and explore continuous management
strategies for OSA, particularly in vulnerable populations, and to emphasize the risks
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associated. By elucidating the impact of OSA on oral function, we aim to contribute to
the enhancement of individual health and the broader public health landscape, ultimately
advocating for policy support to improve health outcomes across society.

2. Materials and Methods
2.1. Data Source and Study Population

For this study, data were collected from the ninth (2022–2023) Korea National Health
and Nutrition Examination Survey (KNHANES). KNHANES is an annual, nationwide
population-based cross-sectional survey conducted by the Korea Disease Control and
Prevention Agency. It is designed as a complex sample survey using a multistage
stratified probability sampling method to ensure national representativeness of the non-
institutionalized Korean population. The purpose of the survey is to produce nationally
reliable statistics on health status, health behaviors, dietary habits, and nutritional intake,
which serve as essential data for developing and evaluating public health policies. KN-
HANES consists of a health interview, a health examination, and a nutrition survey, making
it a validated and comprehensive source for analyzing health-related outcomes among
Korean adults.

For this study, we used data from the 9th KNHANES (2022–2023), which initially
included 13,194 individuals. As illustrated in Figure 1, 6280 individuals who lacked
information on the STOP-Bang score were excluded from analysis. Of the remaining
6914 participants, we excluded an additional 547 individuals due to missing data on oral
function problems (chewing discomfort, speaking discomfort, and dental pain). Further-
more, 18 participants with incomplete information on key sociodemographic variables (e.g.,
education, income, and residence) were excluded. As a result, a final analytic sample of
6349 participants was included in the study.

Final Participants in the survey
(N=6349)

9th(2022, 2023) KNHANES
Participants (N=13,194)

No information about STOP-Bang
(N=6280)

Participants in the survey
(N=6914)

No information about Oral Health
(N=547)

Participants in the survey
(N=6367)

No information about
sociodemographic factors (N=18)

Figure 1. Flowchart of research subject selection.
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As this study used secondary data from the 2022–2023 Korea National Health and
Nutrition Examination Survey (KNHANES), the sample size was not determined through
an a priori power calculation. Instead, the final analytical sample (n = 6349) reflects the
number of individuals who met the inclusion criteria and had complete data on key study
variables. Based on established thresholds for detecting small effect sizes (g = 0.1), a recent
meta-research study suggests that approximately 2180 participants are required to achieve
90% statistical power [36]. Therefore, the sample size in the present study is considered
sufficient to detect even small associations with high power.

2.2. Measurements

The independent variable is obstructive sleep apnea (OSA) measured by the STOP-
Bang score. The STOP-Bang score is an 8-item questionnaire which is a widespread tool
to evaluate the risk of OSA. STOP-Bang score is an abbreviation for the eight risk factors
associated with OSA (see Supplementary Figure S2). The eight risk factors are snoring,
tiredness during daytime, observed apnea, high blood pressure, BMI (≥35 kg/m2), age
(≥50 years), neck circumference (≥40 cm), and gender (male). This study adjusted BMI
and neck circumference to the Asian population according to previous studies [18]. BMI
was adjusted from 35 kg/m2 to 30 kg/m2, according to the severe obesity stage of the
Korea Centers for Disease Control and Prevention (KCDC). The neck circumference was
also adjusted from 40 cm to 36.3 cm, following the standards for Asians. Each positive
response to the questionnaire was given one point and then summed up to a maximum
scale of eight points. Based on the measured scores, participants were classified into OSA
low risk (0–2 points) and OSA high risk (3–8 points) [37].

The dependent variable, oral function, was measured using self-reported items on
chewing discomfort, speaking discomfort, and dental pain. These variables have been
validated in prior studies as meaningful indicators of oral function and have been widely
used in population-based assessments of oral health and quality of life [24,25]. For chewing
discomfort, participants were asked “Currently, do you have chewing discomfort due to
problems related in your mouth, such as teeth, dentures, or gums? (If you use dentures,
please tell us how you feel while wearing them)”. Participants’ responses were checked on
a 5-point Likert scale: “severe discomfort”, “discomfort”, “moderate”, “no discomfort”, and
“no discomfort at all”. The conversion of the Likert scale responses into binary categories
(yes/no) was based on established cut-off points used in previous population health studies,
which identified “severe discomfort” and “discomfort” as clinically meaningful indicators
of oral function impairment [23–25]. Accordingly, “severe discomfort” and “discomfort”
were classified as “yes”, and the remaining responses as “no”. Speaking discomfort was
classified using the same approach, based on the same 5-point Likert response scale. To
evaluate dental pain, participants were asked “Have you experienced dental pain in the
past year? (e.g., aching, throbbing, or dental pain, or pain when consuming cold or hot
drinks or food)”. The responses were divided into “yes” or “no”.

Covariates were set as socioeconomic factors and health-related factors. Sex was
classified as male and female. Age was classified as 40s, 50s, 60s, and over 70s. Residence
was classified as urban and rural. Occupation was classified as white collar, blue collar,
and no occupation. Household income was classified from quartile 1 (lowest income) to
quartile 4 (highest income). Education level was classified as very low (≤Primary School),
low (Middle School), moderate (High School), and high (≥College). Drinking status was
classified as yes, or no. Smoking status was classified as current, past, or never. BMI (kg/m2)
was classified as underweight (<18.4), normal (18.5–22.9), overweight (23.0–24.9), and
obesity (≥25). Sleeping duration was classified as very insufficient (<6 h/day), insufficient
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(6 to <7 h/day), sufficient (7 to <9 h/day), and excessive (≥9 h/day). Hypertension and
diabetes were classified as yes or no.

2.3. Statistical Analysis

As KNHANES utilizes a structured survey design, data analyses were performed
through complex sample analysis, including weights, hierarchical variables, and cluster
variables. Frequency analysis was conducted to analyze the distributions, and chi-square
test was conducted to examine the relationship between OSA and oral health. Logistic
regression analyses were employed to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for the association between OSA and oral function, with ORs interpreted as
measures of effect size to assess clinical relevance. To further explore whether the OSA–oral
function relationship varied by socioeconomic status, stratified logistic regressions were
conducted by education level and household income. All analyses were performed using
SPSS version 23.0 (SPSS Inc., Chicago, IL, USA), with statistical significance set at p < 0.05.

3. Results
3.1. General Characteristics of the Participants According to Oral Function Problems

Table 1 presents the general characteristics of the 6349 participants stratified by the
presence or absence of oral function problems, specifically chewing discomfort, speaking
discomfort, and dental pain. Overall, 1359 participants reported chewing discomfort,
443 reported speaking discomfort, and 1852 reported dental pain. These oral function
problems were more frequently reported among females, older adults, rural residents and
individuals with lower socioeconomic status.

Educational level and household income showed a clear gradient in the prevalence of
oral function problems. Among those with very low education, 35.6% reported chewing
discomfort, 14.3% reported speaking discomfort, and 29.6% reported dental pain. In
contrast, participants with high education reported much lower rates, with 12.2% for
chewing discomfort, 2.2% for speaking discomfort, and 21.4% for dental pain. Similarly,
oral function problems were disproportionately concentrated in lower-income groups. In
the lowest income quartile (Q1), 36.0% experienced chewing discomfort, 14.8% reported
speaking discomfort, and 31.8% experienced dental pain, compared to only 12.6%, 1.7%,
and 18.6%, respectively, in the highest income quartile (Q4).

Table 1. General characteristics of the participants according to oral function problems.

Characteristics
Chewing Discomfort Speaking Discomfort Dental Pain

Total (%) Yes (%) No (%) Yes (%) No (%) Yes (%) No (%)
(n = 6349) (n = 1359) (n = 4990) (n = 443) (n = 5906) (n = 1852) (n = 4497)

Gender
Male 2522 (39.7) 622 (9.8) 1900 (29.9) 214 (3.4) 2308 (36.3) 774 (12.2) 1748 (27.5)

Female 3827 (60.3) 737 (11.6) 3090 (48.7) 229 (3.6) 3598 (56.7) 1078 (17.0) 2749 (43.3)

Age
40s 1345 (21.2) 142 (2.2) 1203 (19.0) 21 (0.3) 1324 (20.9) 401 (6.3) 944 (14.9)
50s 1528 (24.1) 243 (3.8) 1285 (20.2) 69 (1.1) 1459 (23.0) 456 (7.2) 1072 (16.9)
60s 1895 (29.8) 449 (7.1) 1446 (22.8) 137 (2.2) 1758 (27.7) 569 (9.0) 1326 (20.9)
≥70s 1581 (24.9) 525 (8.3) 1056 (16.6) 216 (3.4) 1365 (21.5) 426 (6.7) 1155 (18.2)

Residence
Rural 4838 (76.2) 958 (15.1) 3880 (61.1) 297 (4.7) 4541 (71.5) 1377 (21.7) 3461 (54.5)
Urban 1511 (23.8) 401 (6.3) 1110 (17.5) 146 (2.3) 1365 (21.5) 475 (7.5) 1036 (16.3)
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Table 1. Cont.

Characteristics
Chewing Discomfort Speaking Discomfort Dental Pain

Total (%) Yes (%) No (%) Yes (%) No (%) Yes (%) No (%)
(n = 6349) (n = 1359) (n = 4990) (n = 443) (n = 5906) (n = 1852) (n = 4497)

Occupation
White Color 1256 (19.8) 146 (2.3) 1110 (17.5) 25 (0.4) 1231 (19.4) 330 (5.2) 926 (14.6)
Blue Color 2471 (38.9) 553 (8.7) 1918 (30.2) 174 (2.7) 2297 (36.2) 759 (12.0) 1712 (27.0)

No Occupation 2622 (41.3) 660 (10.4) 1962 (30.9) 244 (3.8) 2378 (37.4) 763 (12.0) 1859 (29.3)

Education Level
very low 1422 (22.4) 507 (8.0) 915 (14.4) 203 (3.2) 1219 (19.2) 421 (6.6) 1001 (15.8)

low 765 (12.0) 209 (3.3) 556 (8.7) 78 (1.2) 687 (10.8) 241 (3.8) 524 (8.2)
moderate 2071 (32.6) 387 (6.1) 1684 (26.5) 115 (1.8) 1956 (30.8) 606 (9.5) 1465 (23.1)

high 2091 (32.9) 256 (4.0) 1835 (28.9) 47 (0.7) 2044 (32.2) 584 (9.2) 1507 (23.7)

House Income
Q1 1477 (23.2) 531 (8.4) 946 (14.9) 218 (3.4) 1259 (19.8) 470 (7.4) 1007 (15.9)
Q2 1599 (25.2) 357 (5.6) 1242 (19.6) 126 (2.0) 1473 (23.2) 477 (7.5) 1122 (17.7)
Q3 1575 (24.8) 257 (4.0) 1318 (20.8) 70 (1.1) 1505 (23.7) 461 (7.3) 1114 (17.6)
Q4 1698 (26.8) 214 (3.4) 1484 (23.4) 29 (0.5) 1669 (26.3) 444 (7.0) 1254 (19.8)

Drinking
No 2207 (34.7) 560 (8.8) 1647 (25.9) 205 (3.2) 2002 (31.5) 630 (9.9) 1577 (24.8)
Yes 4142 (65.3) 799 (12.6) 3343 (52.7) 238 (3.8) 3904 (61.5) 1222 (19.2) 2920 (46.0)

Smoking
Never 3986 (62.8) 744 (11.7) 3242 (51.1) 223 (3.5) 3761 (59.3) 1081 (17.0) 2905 (45.8)
Past 1503 (23.7) 362 (5.7) 1141 (18.0) 121 (1.9) 1382 (21.8) 469 (7.4) 1034 (16.3)

Current 860 (13.5) 253 (4.0) 607 (9.5) 99 (1.6) 760 (12.0) 302 (4.8) 558 (8.8)

BMI 1 (kg/m2)
Underweight (<18.4) 221 (3.5) 49 (0.8) 172 (2.7) 22 (0.3) 199 (3.1) 65 (1.0) 156 (2.5)
Normal (18.5–22.9) 2466 (38.8) 517 (8.1) 1949 (30.7) 173 (2.7) 2293 (36.1) 724 (11.4) 1742 (27.4)

Overweight (23.0–24.9) 1643 (25.9) 338 (5.3) 1305 (20.6) 104 (1.6) 1539 (24.3) 447 (7.0) 1196 (18.8)
Obesity (≥25) 2019 (31.8) 455 (7.2) 1564 (24.6) 144 (2.3) 1875 (29.5) 616 (9.7) 1403 (22.1)

Sleeping Duration
≤6 h 1168 (18.4) 330 (5.2) 838 (13.2) 120 (1.9) 1048 (16.5) 371 (5.8) 797 (12.6)
6–7 h 1686 (26.6) 350 (5.5) 1336 (21.1) 101 (1.6) 1585 (25.0) 502 (7.9) 1184 (18.7)
7–9 h 3200 (50.4) 606 (9.5) 2594 (40.8) 187 (2.9) 3013 (47.4) 893 (14.1) 2307 (36.3)
≥9 h 295 (4.6) 73 (1.2) 222 (3.5) 35 (0.6) 260 (4.1) 86 (1.4) 209 (3.3)

HTN 2

Yes 2158 (34.0) 565 (8.9) 1593 (25.1) 194 (3.1) 1964 (30.9) 623 (9.8) 1535 (24.2)
No 4191 (66.0) 794 (12.5) 3397 (53.5) 249 (3.9) 3942 (62.1) 1229 (19.4) 2962 (46.7)

DM 3

Yes 886 (13.9) 254 (4.0) 632 (9.9) 87 (1.4) 799 (12.6) 270 (4.3) 616 (9.7)
No 5463 (86.1) 1105 (17.4) 4358 (68.6) 356 (5.6) 5107 (80.4) 1582 (24.9) 3881 (61.1)

Note: BMI 1: Body Mass Index; HTN 2: Hypertension; DM 3: Diabetes Mellitus.

3.2. Association Between Obstructive Sleep Apnea (OSA) and Oral Function Problems

Table 2 demonstrates the association between OSA risk and oral function problems.
Chewing discomfort was more frequently reported among participants at high risk for
OSA (27.7%) compared to those at low risk (18.0%), with a highly significant difference
(x2 = 74.972, p < 0.001). Similarly, speaking discomfort was reported by 9.8% of the high-risk
group, compared to only 5.5% of the low-risk group (x2 = 38.972, p < 0.001). In addition,
the prevalence of dental pain was also higher among those with high OSA risk (31.6%)
than among those with low risk (27.8%), and this difference reached statistical significance
(x2 = 10.178, p < 0.01). These findings show a statistically significant association between
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OSA risk and each oral function problem, indicating that individuals at higher risk of OSA
are more likely to experience difficulties in chewing, speaking, and dental pain.

Table 2. Association between obstructive sleep apnea (OSA) and oral function problems.

Variables
Chewing Discomfort Speaking Discomfort Dental Pain

Total (%) Yes (%) No (%)
x2 Yes (%) No (%)

x2 Yes (%) No (%)
x2

(n = 6349) (n = 1359) (n = 4990) (n = 443) (n = 5906) (n = 1852) (n = 4497)

OSA 1

Low Risk 4126 (65.0) 743 (11.7) 3383 (53.3)
74.972 ***

226 (3.6) 3900 (61.4)
38.972 ***

1149 (18.1) 2977 (46.9)
10.178 **High Risk 2223 (35.0) 616 (9.7) 1607 (25.3) 217 (3.4) 2006 (31.6) 703 (11.1) 1520 (23.9)

Note: ** p < 0.01 *** p < 0.001; OSA 1: Obstructive Sleep Apnea. All models were adjusted for gender, age,
residential area, occupation, education level, household income, drinking status, smoking status, body mass index
(BMI), sleep duration, hypertension, and diabetes.

3.3. Odds Ratios for the Association Between Obstructive Sleep Apnea (OSA) Risk and Oral
Function Problems

Table 3 presents the results of multivariable logistic regression analyses examining the
association between OSA and three oral function problems (see Supplementary Table S1).
After adjusting for all covariates, individuals at high risk of OSA had significantly higher
odds of reporting chewing discomfort (OR = 1.365, 95% CI = 1.121–1.662), speaking discom-
fort (OR = 1.534, 95% CI = 1.126–2.082), and dental pain (OR = 1.198, 95% CI = 1.006–1.431),
compared to those at low risk. Educational level showed a strong gradient with oral
function problems. Participants with very low education had the highest odds of report-
ing chewing discomfort (OR = 2.078, 95% CI = 1.595–2.707) and speaking discomfort
(OR = 3.308, 95% CI = 1.884–4.905), compared to those with high education. A similar trend
was observed for moderate and low education levels. Meanwhile, the association between
OSA and dental pain showed a different trend across education levels; however, these
differences were not statistically significant. Household income was also associated with
oral function problems. Participants in the lowest income quartile (Q1) had significantly
higher odds of chewing discomfort (OR = 1.942, 95% CI = 1.510–2.496), speaking discomfort
(OR = 3.308, 95% CI = 2.066–5.310), and dental pain (OR = 1.477, 95% CI = 1.177–1.855), com-
pared to those in the highest quartile (Q4). The association was weaker but still statistically
significant in Q2 and Q3 for some outcomes.

Table 3. Results of logistic regression analysis of the association between obstructive sleep apnea and
oral function problems.

Variables
Oral Health

Chewing Discomfort Speaking Discomfort Dental Pain
OR (95% CI2) OR (95% CI) OR (95% CI)

OSA 1

Low Risk 1 1 1
High Risk 1.365 (1.121–1.662) ** 1.534 (1.126–2.082) ** 1.198 (1.006–1.431) *

Gender
Male 1 1 1

Female 1.025 (0.813–1.292) 1.077 (0.744–1.554) 1.226 (0.988–1.514)

Age
40s 1 1 1
50s 1.290 (1.006–1.657) * 1.862 (1.086–3.247) *** 0.988 (0.810–1.202)
60s 1.673 (1.274–2.197) *** 1.876 (1.094–3.177) *** 0.885 (0.714–1.095)
≥70s 2.016 (1.470–2.766) *** 2.815 (1.535–5.202) ** 0.673 (0.494–0.901) **
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Table 3. Cont.

Variables
Oral Health

Chewing Discomfort Speaking Discomfort Dental Pain
OR (95% CI2) OR (95% CI) OR (95% CI)

Residence
Rural 1 1 1
Urban 1.097 (0.900–1.336) 1.172 (0.883–1.556) 1.116 (0.866–1.437)

Occupation
White Color 1 1 1
Blue Color 1.116 (0.848–1.470) 1.216 (0.779–2.224) 1.248 (1.031–1.509) *

No Occupation 1.036 (0.789–1.360) 1.314 (0.716–2.061) 1.128 (0.927–1.373)

Education Level
Very Low 2.078 (1.595–2.707) *** 3.308 (1.884–4.905) *** 0.878 (0.682–1.129)

Low 1.559 (1.178–2.062) ** 2.785 (1.705–4.556) *** 1.009 (0.776–1.312)
Moderate 1.261 (1.028–1.547) * 2.033 (1.320–3.133) ** 0.905 (0.756–1.083)

High 1 1 1

House Income
Q1 1.942 (1.510–2.496) *** 3.308 (2.066–5.310) *** 1.477 (1.177–1.855) **
Q2 1.321 (1.053–1.657) * 2.211 (1.382–3.533) ** 1.169 (0.965–1.417)
Q3 1.104 (0.880–1.386) 1.668 (1.046–2.656) * 1.155 (0.967–1.379)
Q4 1 1 1

Drinking
No 0.907 (0.754–1.092) 0.844 (0.654–1.089) 1.014 (0.893–1.151)
Yes 1 1 1

Smoking
Never 1 1 1
Past 1.489 (1.173–1.890) ** 1.680 (1.154–2.433) ** 1.561 (1.277–1.909) ***

Current 2.227 (1.720–2.882) *** 2.903 (1.957–4.308) *** 1.507 (1.194–1.901) **

BMI 3 (kg/m2)
Underweight (<18.4) 0.819 (0.549–1.222) 1.300 (0.741–2.272) 1.000 (0.679–1.471)
Normal (18.5–22.9) 1 1 1

Overweight (23.0–24.9) 0.866 (0.717–1.047) 0.906 (0.660–1.243) 0.914 (0.774–1.080)
Obesity (≥25) 1.002 (0.832–1.205) 1.003 (0.735–1.376) 1.042 (0.891–1.271)

Sleeping Duration
≤6 h 1.282 (1.067–1.540) ** 1.271 (0.978–1.637) 1.085 (0.909–1.294)
6–7 h 1.178 (0.988–1.405) 1.008 (0.763–1.321) 1.104 (0.953–1.280)
7–9 h 1 1 1
≥9 h 0.955 (0.686–1.331) 1.153 (0.731–1.799) 0.863 (0.618–1.206)

HTN 4

Yes 0.741 (0.619–0.888) ** 0.606 (0.455–0.807) ** 0.898 (0.756–1.067)
No 1 1 1

DM 5

Yes 1.173 (0.957–1.438) 1.107 (0.814–1.505) 1.059 (0.871–1.289)
No 1 1 1

Note: * p < 0.05 ** p < 0.01 *** p < 0.001; 1 Obstructive Sleep Apnea; 2 Confidence Interval; 3 Body Mass Index;
4 Hypertension; 5 Diabetes Mellitus.

3.4. Stratified Analysis Based on Socioeconomic Variables

Figure 2 displays the adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) for the association between education level, household income, and oral func-
tion problems, namely chewing discomfort, speaking discomfort, and dental pain
(see Supplementary Table S2).
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For chewing discomfort, individuals with very low education had significantly higher
odds compared to those with high education (OR = 1.983, 95% CI = 1.357–2.897), as
did those in the lowest income quartile (Q1 vs. Q4: OR = 1.996, 95% CI = 1.365–2.918).
Education and income gradients were generally observed, though not all comparisons
reached statistical significance.

For speaking discomfort, the association was stronger. Very low education (OR = 3.798,
95% CI = 1.759–8.200) and Q1 income (OR = 5.207, 95% CI = 2.365–11.462) were both
significantly associated with higher odds of reporting speaking discomfort, with a clear
dose–response pattern observed across both education and income levels.

For dental pain, educational level was not significantly associated with the outcomes.
However, individuals in the first income quartile (Q1 vs. Q4) showed a statistically signifi-
cant higher likelihood of experiencing dental pain (OR = 1.486, 95% CI = 1.053–2.098).

These results suggest that individuals with lower socioeconomic status are more
likely to experience oral discomfort, particularly in functional aspects such as chewing
and speaking.
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Figure 2. Forest plot of odds ratios for oral function problems. Note: OR = odds ratio; CI = confidence
interval. All variables were adjusted for relevant covariates in the regression model. Education level
(“Edu”) and household income (“Inc”) are presented as key stratifying variables, with the highest
education level (High) and the highest income quartile (Q4) set as reference categories.

4. Discussion
This study utilized data from the Korea National Health and Nutrition Examination

Survey (KNHANES) to analyze the correlation between obstructive sleep apnea (OSA)
and oral function. While previous studies have primarily focused on the relationship
between OSA and clinical oral health conditions such as periodontal disease or xerostomia,
few studies have examined how OSA may affect oral function which includes aspects of
daily life such as chewing, speaking, and experiencing dental pain. By expanding the
conventional definition of oral health to encompass functional components, this study
provides a broader understanding of the impact of OSA on oral well-being.

Firstly, this study utilizes the latest large-scale national database, the 9th Korea Na-
tional Health and Nutrition Examination Survey (KNHANES), to enhance the generaliz-
ability of the results. KNHANES is designed as a complex sample dataset, allowing it to
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represent the entire Korean population and enhancing the accuracy and validity of the
results compared to other datasets, which are small and localized. Furthermore, while
previous studies used NHANES and older KNHANES datasets, they did not include
the most recent trends or health outcomes in the population [26,38]. This study, with
6349 participants from a nationwide sample, represents the latest data, ensuring current
and statistically robust findings that are representative of the Korean adult population.

Secondly, this study assessed OSA risk using the STOP-Bang questionnaire, adjusting
the BMI and neck circumference criteria to align with the characteristics of the Asian popu-
lation, as suggested by Pavarangkul et al. [39]. This adjustment is crucial because applying
Western standards to Asian populations can lead to the underdiagnosis of OSA. Addition-
ally, some previous studies relied on subjective, questionnaire-based OSA assessments
or simplified sleep recording devices, potentially compromising accuracy. For example,
Loke et al. [40] used a questionnaire that relied on subjective judgments, which could
lead to lower accuracy in OSA diagnosis. This study, however, utilized a more objective
STOP-Bang score, adjusted for the Asian population based on Kang et al. [41], by modifying
the body mass index (BMI) and neck circumference criteria to improve the accuracy of OSA
assessment and enhance the relevance of findings for the Korean population.

Additionally, this study employed a comprehensive approach to measuring oral health
by examining not only the presence of periodontal disease or cavities, but also discomfort
in chewing, speaking, and dental pain, capturing a wider range of oral health issues
experienced in daily life. While many existing studies have assessed oral health primarily
in terms of clinical indicators such as periodontal disease or dental caries [28,42], relatively
few have examined how OSA may influence oral function. However, this study aims to
capture the multifaceted impact of OSA on oral function by assessing these various aspects.
The ability to chew, speak, and live without dental pain constitutes a critical dimension
of oral health, particularly in relation to quality of life. Recent international frameworks,
including those by the WHO and FDI, emphasize oral function as an essential part of oral
health, extending beyond disease-based models [23,24]. Reflecting this perspective, the
present study assessed oral function through indicators like chewing, speaking discomfort
and dental pain, offering a more holistic understanding of how OSA may be associated
with daily oral functioning [24,25].

Lastly, this study focused on socioeconomically disadvantaged groups, especially
those with low income or education levels, and conducted stratified analyses. While
Movahed et al. [38] briefly considered socioeconomic factors, the analysis was limited to
general associations without detailed subgroup examinations. In contrast, in this study
stratified analyses were conducted to provide a more nuanced understanding of how social
vulnerability exacerbates the relationship between OSA and poor oral function. These
findings offer actionable insights into addressing health disparities and crafting targeted
public health policies.

In conclusion, this study advances the field by utilizing up-to-date, representative
data, refining methodological approaches for the Asian population, and focusing on socio-
economically vulnerable groups. These strengths address gaps in prior research and
contribute meaningful insights for both academic understanding and public health pol-
icy development.

This study reveals that obstructive sleep apnea (OSA) is associated with an increased
likelihood of various oral health problems, including difficulties with chewing, speaking,
and dental pain. Notably, the relationship of OSA on oral health was more pronounced
in low-income and low-education groups. These findings highlight the complex interplay
between OSA and oral health, with significant implications for oral health inequalities,
particularly among vulnerable populations.
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While previous research has explored the relationship between OSA and clinical oral
diseases such as periodontal disease or xerostomia [28,42], functional aspects of oral health
have received less attention. However, despite establishing a link between periodontal
disease and OSA, previous research often overlooked functional oral health issues such
as difficulties with chewing or speaking [43]. This study addresses this gap by including
these functional aspects, thereby shedding light on the everyday impact of oral problems
that prior research may have missed. For instance, we emphasize that problems like
dental pain may affect not only physical health but also social and psychological well-
being. This finding provides valuable insights into developing more comprehensive public
health policies.

Furthermore, although some studies have confirmed the association between OSA and
periodontal disease through meta-analysis, they often lacked a thorough examination of so-
cioeconomic factors [44]. This study addresses this limitation by providing a more detailed
analysis of the interplay between OSA and oral function within vulnerable populations.

Previous research has shown an increased risk of periodontal disease in OSA patients.
Although this study did not directly assess periodontal outcomes, it contributes to this line
of evidence by highlighting related oral function problems that may also reflect underlying
oral health deterioration in OSA patients [43]. This has also been confirmed in studies by
Seo [28] and Kornegay [29], where both found a significantly higher prevalence or risk
of periodontal disease in OSA patients. While these studies have contributed valuable
evidence on the pathological consequences of OSA, they focused on clinical oral disease.
In contrast, the present study expands the perspective by examining functional aspects
of oral health that affect daily life, such as chewing, speaking discomfort and dental pain.
This approach highlights the broader impact of OSA on quality of life, extending beyond
traditional disease-based outcomes. This is further supported by previous studies that have
reported associations between OSA and poorer oral health-related quality of life (OHRQoL)
and xerostomia, underscoring the broader impact of OSA on oral well-being [30,45].

It has been reported that oral function is generally worse in socioeconomically dis-
advantaged groups [24,25,30,46]. This study reinforces this finding by highlighting the
impact of OSA on these vulnerable populations, further strengthening the credibility of
our results. Notably, the stronger associations between OSA and oral function observed in
low-income and low-education groups suggest the need for more targeted public health
interventions. This is consistent with the findings of Etindele [32] and Redline [33], which
showed that lower socioeconomic status is associated with a higher prevalence of OSA and
lower access to treatment, and that the prevalence and severity of sleep-disordered breath-
ing vary by race and ethnicity. While some studies have reported an association between
OSA and oral pain, they failed to establish a significant link with chewing discomfort [26].
In contrast, this study indicates a significant relationship between OSA and all aspects of
chewing, speaking, and dental pain, thus complementing previous research and enhancing
the validity of our findings.

The findings of this study offer several important implications for policy and public
health. Firstly, it highlights the need to apply appropriate criteria for OSA screening in Asian
populations. Using existing Western criteria without adjustments may reduce diagnostic
sensitivity for Asians. Therefore, screening tools like the STOP-Bang questionnaire should
be modified to reflect the specific characteristics of this population, thereby improving the
effectiveness of early diagnosis and prevention.

Secondly, public health campaigns emphasizing the combined risk of OSA and oral
function problems in low-income and low-education groups can inform the design of early
prevention and management programs. Low-income individuals often face economic bur-
dens, lack of medical information, and limited health awareness, reducing their likelihood
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of initiating OSA treatment like continuous positive airway pressure (CPAP) [47]. Simi-
larly, parents with lower education levels may have limited awareness of their children’s
sleep apnea, making it difficult to provide appropriate care [34]. These campaigns can be
community-based and incorporate comprehensive health checkups that include oral health
screenings and OSA risk assessments. Furthermore, since vulnerable populations are more
likely to struggle with creating a healthy sleep environment, education and support are
needed for them. It is crucial to establish systems within public healthcare institutions
and local health centers to effectively screen individuals at high risk for OSA and provide
appropriate treatment.

Moreover, long-term observational studies and public health policy development that
link OSA and oral function problems should be pursued through national-level data collec-
tion and analysis. This approach can lead to improvements in the overall health of commu-
nities and the nation while reducing health disparities among vulnerable populations.

In addition, given the limitations of self-reported screening tools, future public health
strategies should consider integrating polysomnography into diagnostic protocols for high-
risk individuals. As a gold-standard method, polysomnography provides comprehensive
and objective data on brain activity, oxygen saturation, breathing patterns, and muscle
movement during sleep, allowing for more accurate diagnosis of OSA [8]. Implement-
ing polysomnography-based screening, especially within public health institutions, can
facilitate early and precise identification of OSA among vulnerable populations, thereby im-
proving the targeting of treatment resources and reducing the burden of undiagnosed cases.

This study has several limitations. Firstly, this study is a cross-sectional study, which
limits examining the causal relationship between OSA and oral health. It is difficult to
analyze and understand changes over time regarding OSA and its impact on oral health
because the data were collected at a single point in time. As a result, while this study
identifies significant correlations, caution should be exercised when interpreting these
findings. Future research needs to address this limitation by utilizing a longitudinal design.

Secondly, this study’s subjects were limited to individuals aged 40 and older, excluding
younger age groups from the study. Since OSA and related oral health problems can also
occur in those under 40, future research should include a broader age range to provide a
more comprehensive understanding.

Thirdly, data were collected through self-reported questionnaires, which may intro-
duce recall bias. In the case of OSA symptoms, relying on individuals’ awareness or
memory may lead to inaccuracies in the data. In addition, responses may vary depending
on individual perception, cognitive awareness, or pain sensitivity, potentially introducing
information bias. Such biases could affect the accuracy of OSA diagnosis and oral function
problems. Although the current study used the STOP-Bang questionnaire, future research
could benefit from using polysomnography, a more objective diagnostic tool, to enhance
the accuracy of OSA assessment and strengthen causal inference [8].

Fourthly, this study assesses oral function using chewing discomfort, speaking dis-
comfort, and dental pain, which limited the diversity of oral health variables. Important
aspects of oral health, such as periodontal disease and dental caries, were not included,
hindering a comprehensive evaluation of the relationship between OSA and oral health.
This limitation was partly due to the characteristics of the dataset, as the KNHANES oral
health data did not include clinical assessments of periodontal status or caries. Never-
theless, although the relationship between the prevalence of actual oral diseases such as
periodontitis could not be determined, this study provides a broader view of oral health by
focusing on functional discomforts, compared to previous studies that examined only a
narrow set of clinical indicators.
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Additionally, although major covariates such as age, sex, smoking, alcohol consump-
tion, and chronic diseases were adjusted for, other confounding variables may not have
been fully controlled. These include oral hygiene behaviors, education level, access to
dental care, as well as nutrient intake such as vitamins and calcium, which can influence
both OSA and oral function. Future studies should include these variables to provide a
more comprehensive understanding of the relationship and to strengthen the validity of
the findings.

Finally, the study was conducted on Korean population, which limits the generalizabil-
ity of the findings to other countries and ethnicities. Therefore, further research, including
diverse countries and ethnicities, is needed.

Despite these limitations, this study offers several important strengths. By utilizing
data from the KNHANES, it provides valuable insights specific to the Korean population
and addresses a gap in the literature, which has been largely based on Western datasets
and criteria. The analysis reflects physical and demographic characteristics more relevant
to Asian populations, enhancing the contextual validity of the findings. Moreover, this
study broadens the understanding of oral health by examining functional aspects such
as chewing discomfort, speaking difficulty, and dental pain, rather than focusing solely
on clinical diagnoses. This approach presents a more comprehensive perspective on the
impact of OSA on daily oral function.

Another strength of the study lies in its emphasis on health equity. By analyzing
differences across income and education levels, it highlights the disproportionate burden of
OSA among socioeconomically disadvantaged groups and reinforces the need for targeted
screening and management strategies. These findings contribute to the field of public
health by linking clinical symptoms to broader systemic inequalities and offering evidence
to support early detection and the development of equitable healthcare policies.

By these points, this study underscores the importance of enhancing accessibility to
OSA screening and management for vulnerable populations. By notifying the difficulties
faced by socially disadvantaged groups, it highlights the importance of early detection
and targeted intervention strategies to reduce health disparities and promote equitable
healthcare systems. Our findings provide valuable insights for public health policymakers
to address health inequality and develop equitable healthcare strategies. Eventually, this
study fills the gap between clinical evidence and public health policy, offering meaningful
contributions to advancing public health and promoting health equity.

5. Conclusions
This study investigated the association between obstructive sleep apnea (OSA) and

oral function, specifically discomfort in chewing, speaking, and dental pain, using data
from the Korea National Health and Nutrition Examination Survey (KNHANES). The
findings revealed a significant association between OSA and poorer oral function outcomes.
Individuals at high risk for OSA had greater odds of experiencing chewing discomfort
(OR = 1.365, 95% CI = 1.121–1.662), speaking discomfort (OR = 1.534, 95% CI = 1.126–2.082),
and dental pain (OR = 1.198, 95% CI = 1.006–1.431). These associations were particularly
pronounced among the most socioeconomically disadvantaged groups: participants with
very low education had almost twice the odds of chewing discomfort (OR = 1.983, 95%
CI = 1.357–2.897), and those in the lowest income quartile (Q1) had over five times the odds
of speaking discomfort (OR = 5.207, 95% CI = 2.365–11.462) compared to their respective
reference groups.

These findings highlight the complex interplay between OSA and oral function, par-
ticularly within socioeconomically disadvantaged groups, and underscore the importance
of integrated health strategies that consider both sleep-related disorders and oral health
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disparities. Based on this, public health interventions should simultaneously address OSA
and oral function, especially in populations with limited access to care. Community-based
initiatives that combine sleep assessments with dental checkups and health education may
serve as effective tools for early detection and management. Furthermore, multidisciplinary
collaboration across sleep medicine, dentistry, and public health policy can help reduce
the disproportionate burden of OSA-related oral dysfunction. Such integrated approaches
have the potential to not only improve individual well-being but also mitigate structural
health inequalities and promote more equitable health outcomes at the population level.

Future research should build upon these findings by employing longitudinal study
designs to examine the causal relationship between OSA and oral function over time.
Additionally, incorporating objective OSA diagnostic tools, such as polysomnography,
could enhance the accuracy of OSA diagnosis and strengthen the validity of the findings.
Finally, expanding the range of oral function or health variables measured would contribute
to a more holistic understanding of the complex interplay between OSA and oral well-being.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare13111323/s1, Supplementary Figure S1: Conceptual
framework illustrating the hypothesized association; Supplementary Figure S2: Components and
Scoring Criteria of the STOP-Bang Questionnaire for OSA Risk Assessment; Supplementary Table S1:
Effect Size Interpretation of Logistic Regression Results for Oral Function; Supplementary Table S2:
Effect Size Interpretation of Stratified Regression Results for Oral Function.

Author Contributions: Conceptualization, K.W. and J.L.; methodology, K.W. and J.L.; formal analysis,
K.W. and J.L.; data curation, K.W.; writing—original draft preparation, K.W., J.L., C.-E.J. and J.P.;
writing—review and editing, Y.C.; supervision, Y.C.; visualization, K.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
due to the use of publicly available secondary data from the Korea National Health and Nutrition
Examination Survey (KNHANES), which contains no personally identifiable information. The
Institutional Ethics Review Committee at Eulji University has confirmed that the dataset does not
constitute human-subjects research (Approval Number: EUIRB2024-128, 21 February 2024).

Informed Consent Statement: Patient consent was waived due to this study involving secondary
data analyses using de-identified data.

Data Availability Statement: The datasets used and analyzed during the current study are available
from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

BMI Body Mass Index
CI Confidence Interval
CPAP Continuous Positive Airway Pressure
DM Diabetes Mellitus
HT Hypertension
KCDC Korea Centers for Disease Control and Prevention
KNHANES Korea National Health and Nutrition Examination Survey
OR Odds Ratio
OSA Obstructive Sleep Apnea

https://www.mdpi.com/article/10.3390/healthcare13111323/s1
https://www.mdpi.com/article/10.3390/healthcare13111323/s1


Healthcare 2025, 13, 1323 16 of 17

References
1. Alhola, P.; Polo-Kantola, P. Sleep deprivation: Impact on cognitive performance. Neuropsychiatr. Dis. Treat. 2007, 3, 553–567.

[PubMed]
2. Keyes, K.M.; Julie, M.; Ava, H.; John, S. The great sleep recession: Changes in sleep duration among US adolescents, 1991–2012.

Pediatrics 2015, 135, 460–468. [CrossRef] [PubMed]
3. Park, S. Associations of physical activity with sleep satisfaction, perceived stress, and problematic Internet use in Korean

adolescents. BMC Public Health 2014, 14, 1143–1149. [CrossRef] [PubMed]
4. Young, T.; Peppard, P.E.; Gottlieb, D.J. Epidemiology of obstructive sleep apnea: A population health perspective. Am. J. Respir.

Crit. Care Med. 2002, 165, 1217–1239. [CrossRef]
5. Atul, M.; Owens, R.L. What is central sleep apnea? Respir. Care 2010, 55, 1168–1178.
6. Heinzer, R.; Vat, S.; Marques-Vidal, P.; Marti-Soler, H.; Andries, D.; Tobback, N.; Mooser, V.; Preisig, M.; Malhotra, A.; Waeber, G.;

et al. Prevalence of sleep-disordered breathing in the general population: The HypnoLaus study. Lancet Respir. Med. 2015, 3,
310–318. [CrossRef]

7. Senaratna, C.V.; Perret, J.L.; Lodge, C.J.; Lowe, A.J.; Campbell, B.E.; Matheson, M.C.; Hamilton, G.S.; Dharmage, S.C. Prevalence
of obstructive sleep apnea in the general population: A systematic review. Sleep Med. Rev. 2017, 34, 70–81. [CrossRef]

8. Orzeszek, S.; Martynowicz, H.; Smardz, J.; Wojakowska, A.; Bombała, W.; Mazur, G.; Wieckiewicz, M. Assessment of sleep
quality in patients with orofacial pain and headache complaints: A polysomnographic study. Dent. Med. Probl. 2024, 61, 549–562.
[CrossRef]

9. Epstein, L.J.; Kristo, D.; Strollo, P.J., Jr.; Friedman, N.; Malhotra, A.; Patil, S.P.; Ramar, K.; Rogers, R.; Schwab, R.J.; Weaver, E.M.;
et al. Clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in adults. J. Clin. Sleep Med.
2009, 5, 263–276.

10. Consensus Conference Panel; Watson, N.F.; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.M.; Buysse, D.; Dinges, D.F.;
Gangwisch, J.; Grandner, M.A.; et al. Recommended Amount of Sleep for a Healthy Adult: A Joint Consensus Statement of the
American Academy of Sleep Medicine and Sleep Research Society. J. Clin. Sleep Med. 2015, 11, 591–592. [CrossRef]

11. Kim, J.; In, K.; Kim, J.; You, S.; Kang, K.; Shim, J.; Lee, S.; Lee, J.; Lee, S.; Park, C.; et al. Prevalence of sleep-disordered breathing in
middle-aged Korean men and women. Am. J. Respir. Crit. Care Med. 2004, 170, 1108–1113. [CrossRef] [PubMed]

12. Choi, J.H.; Kim, E.J.; Kim, K.W.; Choi, J.; Kwon, S.Y.; Lee, H.M.; Kim, T.H.; Lee, S.H.; Shin, C.; Lee, S.H. Optimal continuous
positive airway pressure level in korean patients with obstructive sleep apnea syndrome. Clin. Exp. Otorhinolaryngol. 2010, 3,
207–211. [CrossRef] [PubMed]

13. Peppard, P.E.; Young, T.; Barnet, J.H.; Palta, M.; Hagen, E.W.; Hla, K.M. Increased prevalence of sleep-disordered breathing in
adults. Am. J. Epidemiol. 2013, 177, 1006–1014. [CrossRef] [PubMed]

14. Cho, Y.W.; Song, M.L.; Morinc, C.M. Validation of a Korean version of the insomnia severity index. J. Clin. Neurol. 2014, 10,
210–215. [CrossRef]

15. Kent, D.; Stanley, J.; Aurora, R.N.; Levine, C.; Gottlieb, D.J.; Spann, M.D.; Torre, C.A.; Green, K.; Harrod, C.G. Referral of adults
with obstructive sleep apnea for surgical consultation: An American Academy of Sleep Medicine clinical practice guideline. J.
Clin. Sleep Med. 2021, 17, 2499–2505. [CrossRef]

16. Caples, S.M.; Anderson, W.M.; Calero, K.; Howell, M.; Hashmi, S.D. Use of polysomnography and home sleep apnea tests for
the longitudinal management of obstructive sleep apnea in adults: An American Academy of Sleep Medicine clinical guidance
statement. J. Clin. Sleep Med. 2021, 17, 1287–1293. [CrossRef]

17. Yaggi, H.K.; Concato, J.; Kernan, W.N.; Lichtman, J.H.; Brass, L.M.; Mohsenin, V. Obstructive sleep apnea as a risk factor for
stroke and death. N. Engl. J. Med. 2005, 353, 2034–2041. [CrossRef]

18. Maniaci, A.; Lavalle, S.; Anzalone, R.; Giudice, A.L.; Cocuzza, S.; Parisi, F.M.; Torrisi, F.; Iannella, G.; Sireci, F.; Fadda, G.; et al.
Oral Health Implications of Obstructive Sleep Apnea: A Literature Review. Biomedicines 2024, 12, 1382. [CrossRef]

19. Martynowicz, H.; Gac, P.; Brzecka, A.; Poreba, R.; Wojakowska, A.; Mazur, G.; Smardz, J.; Wieckiewicz, M. The relationship
between sleep bruxism and obstructive sleep apnea based on polysomnographic findings. J. Clin. Med. 2019, 8, 1653. [CrossRef]

20. Manfredini, D.; Guarda-Nardini, L.; Marchese-Ragona, R.; Lobbezoo, F. Theories on possible temporal relationships between
sleep bruxism and obstructive sleep apnea events. An expert opinion. Sleep Breath. 2015, 19, 1459–1465. [CrossRef]

21. Nishio, C.; Huynh, N. Skeletal malocclusion and genetic expression: An evidence-based review. J. Dent. Sleep Med. 2016, 3, 57–63.
[CrossRef]

22. Oral Health and Quality of Life. Available online: https://www.fdiworlddental.org/oral-health-and-quality-life (accessed on 31
March 2025).

23. Oral Health. Available online: https://www.who.int/news-room/fact-sheets/detail/oral-health (accessed on 31 March 2025).
24. Oku, S.; Iyota, K.; Mizutani, S.; Otsuki, S.; Kubo, K.; Yamada, S.; Kobayashi, Y.; Kashiwazaki, H. The association of oral function

with oral health-related quality of life in university students: A cross-sectional pilot study. Int. J. Environ. Res. Public Health 2020,
17, 4863. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/19300585
https://doi.org/10.1542/peds.2014-2707
https://www.ncbi.nlm.nih.gov/pubmed/25687142
https://doi.org/10.1186/1471-2458-14-1143
https://www.ncbi.nlm.nih.gov/pubmed/25373558
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1016/S2213-2600(15)00043-0
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.17219/dmp/177008
https://doi.org/10.5665/sleep.4716
https://doi.org/10.1164/rccm.200404-519OC
https://www.ncbi.nlm.nih.gov/pubmed/15347562
https://doi.org/10.3342/ceo.2010.3.4.207
https://www.ncbi.nlm.nih.gov/pubmed/21217962
https://doi.org/10.1093/aje/kws342
https://www.ncbi.nlm.nih.gov/pubmed/23589584
https://doi.org/10.3988/jcn.2014.10.3.210
https://doi.org/10.5664/jcsm.9592
https://doi.org/10.5664/jcsm.9240
https://doi.org/10.1056/NEJMoa043104
https://doi.org/10.3390/biomedicines12071382
https://doi.org/10.3390/jcm8101653
https://doi.org/10.1007/s11325-015-1163-5
https://doi.org/10.15331/jdsm.5720
https://www.fdiworlddental.org/oral-health-and-quality-life
https://www.who.int/news-room/fact-sheets/detail/oral-health
https://doi.org/10.3390/ijerph17134863
https://www.ncbi.nlm.nih.gov/pubmed/32640640


Healthcare 2025, 13, 1323 17 of 17

25. Inukai, M.; John, M.T.; Igarashi, Y.; Baba, K. Association between perceived chewing ability and oral health-related quality of life
in partially dentate patients. Health Qual. Life Outcomes 2010, 8, 118–124. [CrossRef] [PubMed]

26. Lee, J.-H.; Han, K.; Lee, S.Y. Associations between obstructive sleep apnea and dental pain and chewing discomfort in Korean
adults: A nationwide cross-sectional study. Sci. Rep. 2023, 13, 12768. [CrossRef]

27. Ning, R.; Chen, J.; Lu, Y.; Guo, J. Obstructive sleep apnea: A follow-up program in its relation to temporomandibular joint
disorder, sleep bruxism and orofacial pain. BMC Oral Health 2023, 23, 578. [CrossRef]

28. Seo, W.H.; Cho, E.R.; Thomas, R.J.; An, S.; Ryu, J.J.; Kim, H.; Shin, C. The association between periodontitis and obstructive sleep
apnea: A preliminary study. J. Periodontal Res. 2013, 48, 500–506. [CrossRef]

29. Kornegay, E.C. Investigation of an Association Between Obstructive Sleep Apnea and Two Chronic Oral Health Conditions; The University
of North Carolina at Chapel Hill: Chapel Hill, NC, USA, 2016.

30. Tamasas, B.; Nelson, T.; Chen, M. Oral health and oral health-related quality of life in children with obstructive sleep apnea. J.
Clin. Sleep Med. 2019, 15, 445–452. [CrossRef]

31. Carra, M.C.; Schmitt, A.; Thomas, F.; Danchin, N.; Pannier, B.; Bouchard, P. Sleep disorders and oral health: A cross-sectional
study. Clin. Oral Investig. 2017, 21, 975–983. [CrossRef]

32. Etindele, S.F.; Matos, E. Socioeconomic disparities in obstructive sleep apnea: A systematic review of empirical research. Sleep
Breath. 2021, 25, 1729–1739. [CrossRef]

33. Redline, S.; Tishler, P.V.; Hans, M.G.; Tosteson, T.D.; Strohl, K.P.; Spry, K. Racial differences in sleep-disordered breathing in
African-Americans and Caucasians. Am. J. Respir. Crit. Care Med. 1997, 155, 186–192. [CrossRef]

34. Park, J.W.; Hamoda, M.M.; Almeida, F.R.; Wang, Z.; Wensley, D.; Alalola, B.; Alsaloum, M.; Tanaka, Y.; Huynh, N.T.; Conklin, A.I.
Socioeconomic inequalities in pediatric obstructive sleep apnea. J. Clin. Sleep Med. 2022, 18, 637–645. [CrossRef] [PubMed]

35. Baldwin, C.M.; Griffith, K.A.; Nieto, F.J.; O’Connor, G.T.; Walsleben, J.A.; Redline, S. The association of sleep-disordered breathing
and sleep symptoms with quality of life in the Sleep Heart Health Study. Sleep 2001, 24, 96–105. [CrossRef] [PubMed]

36. Zielinski, G.; Gawda, P. Defining effect size standards in temporomandibular joint and masticatory muscle research. Med. Sci.
Monit. 2025, 31, e948365. [CrossRef] [PubMed]

37. Nagappa, M.; Patra, J.; Wong, J.; Subramani, Y.; Singh, M.; Ho, G.; Wong, D.T.; Chung, F. Association of STOP-Bang questionnaire
as a screening tool for sleep apnea and postoperative complications: A systematic review and bayesian meta-analysis of
prospective and retrospective cohort studies. Anesth. Analg. 2017, 125, 1301–1308. [CrossRef]

38. Movahed, E.; Moradi, S.; Mortezagholi, B.; Shafiee, A.; Moltazemi, H.; Hajishah, H.; Siahvoshi, S.; Monfared, A.B.; Amini, M.J.;
Safari, F.; et al. Investigating oral health among US adults with sleep disorder: A cross-sectional study. BMC Oral Health 2023, 23,
996. [CrossRef]

39. Pavarangkul, T.; Jungtrakul, T.; Chaobangprom, P.; Nitiwatthana, L.; Jongkumchok, W.; Morrakotkhiew, W.; Kachenchart, S.;
Chindaprasirt, J.; Limpawattana, P.; Srisaenpang, S.; et al. The Stop-Bang Questionnaire as a Screening Tool for obstructive sleep
apnea-induced hypertension in Asian population. Neurol. Int. 2016, 8, 6104. [CrossRef]

40. Loke, Y.K.; Brown, J.W.L.; Kwok, C.S.; Niruban, A.; Myint, P.K. Association of obstructive sleep apnea with risk of serious
cardiovascular events: A systematic review and meta-analysis. Cir. Cardiovasc. Qual Outcomes 2012, 5, 720–728. [CrossRef]

41. Kang, J.-H.; Ryu, B.-Y.; Suh, H.-S.; Shim, K.-W. Neck circumference as a simple obesity index. J. Korean Soc. Study Obes. 2002, 11,
142–149.

42. Lembo, D.; Caroccia, F.; Lopes, C.; Moscagiuri, F.; Sinjari, B.; D’attilio, M. Obstructive sleep apnea and periodontal disease: A
systematic review. Medicina 2021, 57, 640. [CrossRef]

43. Padmanabhan, K.; Akhil, G.; Gautam, G. Obstructive sleep apnea and oral health: A short review. Int. J. Curr. Med. Pharm. Res.
2019, 5, 4601–4606.

44. Liu, X.; Zhu, Z.; Zhang, P. Association between sleep-disordered breathing and periodontitis: A meta-analysis. Med. Oral Patol.
Oral Cir. Bucal. 2022, 28, e156. [CrossRef] [PubMed]

45. Apessos, I.; Andreadis, D.; Steiropoulos, P.; Tortopidis, D.; Angelis, L. Investigation of the relationship between sleep disorders
and xerostomia. Clin. Oral Investig. 2020, 24, 1709–1716. [CrossRef] [PubMed]

46. Kim, M.-J.; Lim, C.-Y. Economic Inequality in Perceived Oral Health Behavior among Adults in Korea. J. Korea Acad. Ind. Coop.
Soc. 2018, 19, 439–445.

47. Simon-Tuval, T.; Reuveni, H.; Greenberg-Dotan, S.; Oksenberg, A.; Tal, A.; Tarasiuk, A. Low socioeconomic status is a risk factor
for CPAP acceptance among adult OSAS patients requiring treatment. Sleep 2009, 32, 545–552. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/1477-7525-8-118
https://www.ncbi.nlm.nih.gov/pubmed/20955614
https://doi.org/10.1038/s41598-023-40055-2
https://doi.org/10.1186/s12903-023-03264-9
https://doi.org/10.1111/jre.12032
https://doi.org/10.5664/jcsm.7672
https://doi.org/10.1007/s00784-016-1851-y
https://doi.org/10.1007/s11325-020-02274-z
https://doi.org/10.1164/ajrccm.155.1.9001310
https://doi.org/10.5664/jcsm.9494
https://www.ncbi.nlm.nih.gov/pubmed/34170224
https://doi.org/10.1093/sleep/24.1.96
https://www.ncbi.nlm.nih.gov/pubmed/11204058
https://doi.org/10.12659/MSM.948365
https://www.ncbi.nlm.nih.gov/pubmed/40308008
https://doi.org/10.1213/ANE.0000000000002344
https://doi.org/10.1186/s12903-023-03686-5
https://doi.org/10.4081/ni.2016.6104
https://doi.org/10.1161/CIRCOUTCOMES.111.964783
https://doi.org/10.3390/medicina57060640
https://doi.org/10.4317/medoral.25627
https://www.ncbi.nlm.nih.gov/pubmed/36565220
https://doi.org/10.1007/s00784-019-03029-1
https://www.ncbi.nlm.nih.gov/pubmed/31372830
https://doi.org/10.1093/sleep/32.4.545

	Introduction 
	Materials and Methods 
	Data Source and Study Population 
	Measurements 
	Statistical Analysis 

	Results 
	General Characteristics of the Participants According to Oral Function Problems 
	Association Between Obstructive Sleep Apnea (OSA) and Oral Function Problems 
	Odds Ratios for the Association Between Obstructive Sleep Apnea (OSA) Risk and Oral Function Problems 
	Stratified Analysis Based on Socioeconomic Variables 

	Discussion 
	Conclusions 
	References

