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Abstract

Purpose Chewing difficulty may reflect orofacial factors linked to obstructive sleep apnea (OSA) risk, yet evidence remains
limited, especially regarding sex differences. This study examined the association between perceived chewing difficulty and
OSA risk according to sex.

Methods The study used five-year (2019-2023) data from the Korean National Health and Nutrition Examination Survey,
including 16,105 participants aged>40 years (6,965 males and 9,140 females). Chewing difficulty was assessed on a five-
level scale, and OSA risk was determined using the STOP-Bang questionnaire. A significant interaction between sex and
chewing difficulty (p=0.0387) in the model prompted sex-stratified analyses. Multivariable and multinomial logistic regres-
sion models were used to estimate adjusted odds ratios (ORs) and 95% confidence intervals (CIs).

Results Among participants, 62.7% of males and 18.5% of females were classified as having middle-to-high risk of OSA.
In adjusted models, chewing difficulty was significantly associated with higher OSA risk (OR: 1.28, 95% CI: 1.11-1.48)
in females but not in males, with stronger associations observed at higher OSA risk levels (middle-risk, OR: 1.26, 95% CI:
1.09—1.46; high-risk, OR: 1.86, 95% CI: 1.09-3.18). This association persisted when chewing difficulty was analyzed as a
graded variable, showing a trend of increasing association with greater severity (p<0.0001 for trend).

Conclusions In females, higher levels of chewing difficulty were associated with increased OSA risk. These findings suggest
that chewing difficulty could be explored as a potential factor in identifying individuals at higher risk of OSA.

Keywords Obstructive sleep apnea - Chewing difficulty - Sex-difference - Oral health - STOP-Bang - Sleep health

Introduction

Obstructive sleep apnea (OSA) is the most common sleep-
related breathing disorder and characterized by repetitive
episodes of partial or complete collapse of the upper airway
during sleep, resulting in reduced or absent airflow [1]. Pre-
vious epidemiological studies conducted between 1993 and
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2013 reported mean OSA prevalence rates of 22% in males
and 17% in females worldwide [2]. However, a meta-analy-
sis in 2023 estimated the prevalence at 54% [3], which may
reflect differences in study design, diagnostic criteria, or
population characteristics, as well as the global rise in obe-
sity [2, 4]. More concerning than the high global prevalence
of OSA is the fact that a substantial portion of OSA patients
remain undiagnosed and inadequately managed [5, 6].

As a potential therapy for OSA, oral appliances and sur-
gical procedures that reposition the mandible and maxilla to
expand the upper airway may be considered [1, 7]. These
interventions aim to improve the anatomical structures sur-
rounding the oral cavity, suggesting a possible correlation
between orofacial tissue abnormalities and the development
of OSA [8]. Chewing is one of the vital functions of orofa-
cial tissues, and any disruptions in this function may lead to
various problems, not only within the oral cavity but also in
overall health [9].
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Oral health has increasingly been recognized as an impor-
tant factor in sleep-related breathing disorders. Conditions
such as periodontitis, tooth loss, and other oral diseases
may contribute to chewing difficulties [9-13]. Although a
meta-analysis suggested an association between periodontal
disease and OSA [13], the limited number of studies and
regional differences in OSA characteristics highlight the
need for further research [14, 15]. Furthermore, considering
the sex-related variation in OSA prevalence and emerging
evidence of potential sex-specific associations, it is impor-
tant that future investigations account for these patterns [9,
12, 16].

Chewing difficulties may arise from factors like tooth loss
or oral pathologies, although they can also occur indepen-
dently of these conditions. In existing research, masticatory
function is often assessed using objective indicators of oral
disease, which may underestimate its true extent compared
to subjective assessments that consider multidimensional
factors [17]. Given that subjective evaluations are com-
monly used in clinical practice, they can provide valuable
insights alongside objective assessments [18]. Additionally,
since the multiple adverse health outcomes associated with
OSA, such as decreased quality of life and increased mor-
tality [19, 20], recognizing and addressing its risk factors
remains an important public health issue [21, 22]. There-
fore, the objective of this study was to explore the associa-
tion between perceived chewing difficulty and the risk of
OSA, stratified by sex, in the South Korean population.

KNHANES
[2019] N=8,110 [2020] N=7,359
[2021] N=7,090 [2022] N=6265
[2023] N=6.929  Total=35,753

Methods
Data and study participants

This study used data from the Korean National Health and
Nutrition Examination Survey (KNHANES) conducted
by the Korean Disease Control and Prevention Agency
(KDCA). Using a multilevel clustered probability design,
the KNHANES sampled the South Korean population. Con-
sidering its nationwide population-based sampling design,
the KNHANES is perceived as representative of the whole
population [23].

This cross-sectional study used 5-year (2019-2023) data
from the KNHANES. The flow of participant inclusion and
exclusion is presented in Fig. 1. Initially, a total of 35,753
individuals were included in the dataset spanning over 5
years. 10,937 individuals were excluded due to non-par-
ticipation in the oral questionnaire, and an additional 7,857
individuals were excluded due to ineligibility (primarily
age-related) or missing data from the STOP-Bang question-
naire, leaving a total of 16,959 participants. Subsequently,
854 missing values corresponding to covariates were further
removed from the dataset, resulting in a final sample size of
16,105 participants (males: 6,965; females: 9,140) included
in the study. All participants were aged>40 years since the
KNHANES examined OSA measurement only for this age
group and the oral survey respondents were given a distinct
weighting value in the KNHANES. As using the raw data

A\

Available study population
N=16.939

h 4

- Excluded oral questionnaire respondents with
missing values (N=10,937)

- Excluded not applicable STOP-bang respondents
or related missing values (N=7_857

\d

Final study population
N=16.105
(Males: 6.965; Females: 9,140)

Y

- Excluded other coavariates respondents with
missing values (N=854)

Fig. 1 Flowchart of the study participants displaying the inclusion and exclusion
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of KNHANES is publicly available, ethics approval was
exempt.

Variables
Chewing difficulty

The variable of interest was used to measure subjective
chewing inconvenience: Do you have difficulty chew-
ing food because of struggles with your teeth, dentures, or
gums? (If you have dentures, please describe how you feel
when wearing them). The question used had five response
options to select from, and participants were divided into
two groups based on their answer: those who answered,
“very difficult” and “difficult” were allocated to the “yes”
group, while those who answered “regular,” “not difficult,”
and “not at all” were allocated to the “no” group. For addi-
tional analyses, chewing difficulty was recategorized into
three, four, or five levels, with the definition of no difficulty
group (reference category) varying by scheme: same as the
main analysis for three levels, “not at all” and “not difficult”
for four, and “not at all” only for five.

The risk of obstructive sleep apnea (OSA)

The dependent variable was measured using the STOP—
Bang OSA screening questionnaire [24], which comprises
questions (yes/no) that assess S (snoring), T (tiredness), O
(observed apnea), P (high blood pressure), B (body mass
index [BMI]), A (age), N (neck circumference), and G (gen-
der), with a score of 1 or 0 for a positive or negative answer,
respectively [25]. Those with a score of 0-2 were assigned
to the low-risk group; 3—4, middle-risk group; 5-8, high-risk
group. The last group also comprised those with a combina-
tion of STOP part score > 2 with male sex, with BMI >35
kg/m?, or with neck circumference > 43 cm (17 inches) in
males or > 41 c¢cm (16 inches) in females [24]. In accordance
with this risk classification, OSA “yes” was categorized into
the middle-risk and high-risk groups, while “no” was into
the low-risk group. Additionally, participants were stratified
into risk groups based on their STOP-Bang scores to further
explore associations.

Covariates

The covariates related to chewing difficulty and OSA were
sociodemographic factors and health behavior factors or
others [2—4]. Sociodemographic factors included age (10-
year interval from 40 years of age: 40s, 50s, 60s, and over
70s), area of residence, household income quintiles, edu-
cation level, and marital status. Health behavior factors or
others included mean sleeping time in a day, smoking status,

drinking frequency, physical activity (calculating incorpo-
rated moderate and vigorous regular aerobic exercise more
than 150 min per week: yes or no), waist circumference (>
90 cm in males or > 85 cm in females: normal or abdominal
obesity), diabetes (diabetes: fasting plasma glucose [FPG]
> 126 mg/dL, glycated hemoglobin [HbAlc] > 6.5%, cur-
rent use of antidiabetic medication or insulin, or a physician
diagnosis of diabetes, pre-diabetes: FPG = 100-125 mg/
dL or HbAlc = 5.7-6.4%, normal: FPG < 100 mg/dL and
HbAlc < 5.6%), number of natural teeth, and each survey
year.

Statistical analyses

Due to the significant interaction between chewing diffi-
culty and sex (p=0.0387) in this dataset, and the established
role of sex as a risk factor for OSA, all analyses were strati-
fied by sex. Descriptive analyses were presented as number
and percentage with a chi-square test to identify the partici-
pants’ distribution of general characteristics. Multivariable
logistic regression was conducted to examine the associa-
tion between chewing difficulty and OSA, accounting for
the stratification and clustering variables as well as year-
specific sampling weights. To further investigate the asso-
ciation between OSA risk division and chewing difficulty
levels, additional analyses were performed. Multinomial
logistic regression was used with OSA risk categories as
the dependent variable. In the analysis of chewing difficulty
levels, p-value for trend was presented to determine whether
the effect size varied according to the degree of chewing
difficulty. To explore potential effect modification, subgroup
analyses were performed by stratifying the analyses based
on covariates included in the model. Statistical tests were
two-tailed with a significance level set at a p-value<0.05,
and adjusted odds ratios (ORs) with 95% confidence inter-
vals (ClIs) were used to assess the associations among the
variables. SAS version 9.4M7 (SAS Institute, Cary, NC,
USA) was used for all statistical analyses.

Results
Descriptive analyses

Supplementary Table 1 shows the distribution of the gen-
eral characteristics of the study population according to
sex. Based on the STOP-Bang questionnaire, the “yes”
group—classified as having middle or high OSA risk—
comprised 4,368 of the 6,965 male participants (62.7%) and
1,692 of the 9,140 female participants (18.5%), indicating
a substantially higher OSA risk level among males com-
pared to females. The proportion of individuals who have
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chewing difficulty were 1,696 (24.4%) in male and 2,025
(22.2%) in female participants. The results of the chi-square
test between chewing difficulty and OSA were significant
(»<0.0001) in both males and females. An age-related
increase in OSA risk was observed in both sexes, reflecting
the role of age as a major risk factor.

Regression analyses

Table 1 shows the results of multivariable logistic regres-
sion analysis between chewing difficulty and OSA, after
adjusted all covariates. Female participants with chewing
difficulty had higher likelihoods of OSA (OR: 1.28, 95%
CI: 1.11-1.48), compared with those without chewing dif-
ficulty. Among female participants, even when OSA risk
groups were further stratified, those with chewing difficulty
showed higher odds of being in middle- and higher-risk
group compared to the low-risk group: OR 1.26 (95% CI:
1.09—1.46) for the middle-risk group and OR 1.86 (95% CI.:
1.09-3.18) for the high-risk group.

A rising trend in the strength of association across risk
groups is visually presented in Fig. 2.

In contrast to the significant association observed in the
chi-square test between chewing difficulty and OSA in Sup-
plementary Table 1, the association was not significant in
the regression analysis adjusted for covariates among male
participants (OR: 1.05, 95% CI: 0.90-1.23), as shown in
Supplementary Table 2.

Additional analyses

Table 2 shows the results of the subgroup analysis stratified
by independent variables in female participants. The asso-
ciation was more prominent in individuals aged 50—69 years
(50-59, OR: 1.45, 95% CI: 1.08-1.96; 60—-69, OR: 1.36,
95% CI: 1.09-1.69) and those with lower socioeconomic
status (middle-low household income, OR: 1.36, 95% CI:
1.09-1.69; low household income, OR: 1.36, 95% CI: 1.09—
1.69; education level of middle school, OR: 1.39, 95% CI:
1.02-1.91). Additionally, a slightly stronger association was
observed among participants who were unmarried, sepa-
rated, widowed, or divorced (OR: 1.38, 95% CI: 1.08-1.78).

Figure 3 shows the results of the analysis stratified by
chewing difficulty level in female participants. The likeli-
hood of OSA increased with higher levels of chewing diffi-
culty, and this trend was consistent across all categorization
schemes (all p-values for trend<.0001). Notably, the ‘very
difficult’ category consistently showed the highest OR
across all levels of classification (3 levels, OR: 1.93, 95%
CI: 1.47-2.52; 4 levels, OR: 2.01, 95% CI: 1.53-2.63; 5 lev-
els, OR: 2.06, 95% CI: 1.56-2.72).

@ Springer

Discussion

This study used nationally representative data from South
Korea to explore the association between perceived chew-
ing difficulty and OSA. A significant interaction between sex
and chewing difficulty in relation to OSA risk was observed
in the sample. Sex-stratified analyses revealed that chewing
difficulty was significantly associated with the risk of OSA
in females, whereas no such association was found in males.
Moreover, among females, the association was more pro-
nounced in individuals with both higher risk for OSA and
higher levels of chewing difficulty.

Prior investigations conducted in the United States and
Brazil have documented a connection between tooth loss
and OSA [10, 11]. Tooth loss has been linked to subjective
discomfort while chewing [18], which aligns with the find-
ings of the current study. Studies conducted in Japan have
also demonstrated that chewing problems can affect sleep
quality and duration, with a stronger association observed
in females [9]. Two previous studies also utilized data from
the KNHANES [26, 27], one of which reported no signifi-
cant association after adjustment and the other identifying a
significant relationship, although the latter compared low-
and high-risk groups based on the STOP-Bang score—an
approach that differs from that of the present study. Addition-
ally, differences in the study periods, adjustment variables
included in the models, and other methodological aspects
exist between the previous studies and ours. Notably, most
previous studies, including those based on KNHANES, did
not accounted for sex-differences, which represents a key
distinction.

Another major difference from previous South Korean
studies lies in the interpretation of the directionality.
Although, like the present study, they were based on cross-
sectional data—Ilimiting the ability to infer causality—the
current findings suggest a possible direction, as evidenced
by a trend of increasing association strength with higher
chewing difficulty and OSA risk levels [28]. A recent review
of studies on this topic has also highlighted the possibility
of complex bidirectional influences [13, 29]. In line with
this, although the causal pathway remains unclear, the asso-
ciation between chewing difficulty and OSA may be tenta-
tively explained through three major factors: dental status
(the number of natural antagonist teeth), salivation status
(the quantity and/or quality of saliva), and motor control of
mastication (i.e., impairment of the motor apparatus) [30].
Specifically, tooth loss may constrict the occlusal vertical
dimension may lead to forward position of the mandible.
This mandibular displacement can cause tongue root retrac-
tion, which might collapse the upper airway’s patency [10,
11]. Even in the absence of tooth loss, reduced tongue
mobility and impaired masticatory muscle function can
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Fig. 2 Results of analysis strati-
fied by STOP-bang index risk

group using multinomial logistic Male Female
regression
4.00 -
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¢ <
- &
g~
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Table 2 Results of subgroup analysis stratified by independent variables in female participants

Variables Obstructive sleep apnea
No Yes P-for interaction
OR OR 95% CI

Age 0.5651
40-49 1.00 1.16 (0.44 - 3.06)

50-59 1.00 1.45 (1.08 - 1.96)

60-69 1.00 1.36 (1.09 - 1.69)

70- 1.00 1.20 0.97 - 1.50)

Household income 0.9293
High 1.00 1.24 (0.75 - 2.06)

Middle-high 1.00 1.06 (0.70 - 1.60)

Middle 1.00 1.22 (0.85 - 1.74)

Middle-low 1.00 1.39 (1.03 - 1.88)

Low 1.00 1.46 (1.12 - 1.92)

Education level 0.8897
College or above 1.00 1.25 (1.02 - 1.54)

High school 1.00 1.19 (0.82 - 1.71)

Middle school 1.00 1.39 (1.02 - 1.91)

Elementary school or below 1.00 1.29 (0.82 - 2.04)

Marital status 0.8921
Married 1.00 1.24 (1.03 - 1.49)

Unmarried, separated, widowed, divorced 1.00 1.38 (1.08 - 1.78)

Sleeping time 0.0957
Less than 6 h 1.00 1.10 (0.82 - 1.46)

6-8h 1.00 1.48 (1.19 - 1.85)

More than 8 h 1.00 1.08 (0.80 - 1.46)

Number of teeth 0.8095
0-9 1.00 1.47 (0.98 - 2.22)

10-19 1.00 1.12 (0.78 - 1.61)

20- 1.00 1.29 (1.08 — 1.55)

Adjusted all covariates except for each stratified variable

@ Springer
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oo Obstructive sleep apnea
Variables
N OR (95% CI) P-for trend
Chewing difficulty (3 Levels) <.0001
No 7115 ° 16
Difficult 1620 — _—
Very difficult 405 : ——
Chewing difficulty (4 Levels) <.0001
No 5563 . {16
Regular 1552 '-_.E‘*
Difficult 1620 |—.—| 501+
Very difficult 405 : ®
Chewing difficulty (5 Levels) <.0001
Not at all 3197 o e
Not difficult 2366 '—;—.—1"19
Regular 1552 P—OE*
Difficult 1620 —— -
Very difficult 405 4
0.50 1.00 2.00 4.00
Odds Ratios

Fig. 3 Results of subgroup analysis stratified by chewing difficulty level in female participants

impair masticatory efficiency. Such impairments may lead
to unilateral chewing patterns, which in turn can induce pal-
atal morphological changes that potentially exacerbate OSA
symptoms [31].

A significant difference between chewing difficulty and
OSA was observed in both sexes in unadjusted analyses,
but remained significant only in females after adjustment
for covariates, suggesting potential sex-specific pathologi-
cal mechanisms. It is hypothesized that sex hormones may
play a role in the substantial increase in OSA prevalence
among females following menopause in their 50s [2, 16].
Chewing difficulty is also more prevalent in elderly females
compared with males, possibly influenced by these sex hor-
mones. This difficulty could negatively impact dental health
in females due to bone and connective tissue deterioration
resulting from estrogen deficiency post-menopause [32, 33].

In stratified analyses by other covariates, insufficient
management of dental issues due to low household income
can negatively affect oral health [34]. When accompanied
by the association observed at lower educational levels in
our findings, this circumstance may be linked to a high level
of unmet healthcare needs among elderly females [35]. The
observed association may also be influenced by marital

@ Springer

status, as females living without a spouse are more likely to
experience greater unmet healthcare needs [35]. Therefore,
inadequate management of oral problems due to financial
constraints, persisting in an untreated state, could poten-
tially be closely linked to OSA through this mechanism.
This study has the advantage of using the STOP-Bang
tool to screen OSA, along with generalizability through a
nationwide representative dataset. Furthermore, by high-
lighting a potential sex-difference that has been underex-
plored, this study suggests that future investigations should
aim to clarify the causal direction, while also examining the
sex-specific contributions to the underlying pathophysiolog-
ical mechanisms. However, it is crucial to acknowledge the
limitations of this study, which should be considered before
interpreting the results. First, due to its cross-sectional
design, causal inference cannot be established, and the pos-
sibility of reverse causality remains. Second, some variables
were based on self-reported data from KNHANES, which
may be subject to recall bias or intentional misreporting.
Third, the presence of residual confounding factors not
accounted for in the analysis cannot be ruled out. Fourth,
the data lacked detailed questions addressing the specific
causes of chewing difficulty, limiting the ability to identify
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underlying mechanisms. Further research is needed to clar-
ify the specific etiologies of chewing difficulty and to better
understand their relationship with OSA. Fifth, differences
in measurement methods for both chewing difficulty and
OSA may influence the observed associations. Although
subjective reports of oral symptoms are generally reliable
and closely related to objective oral health status [36, 37],
incorporating objective assessments alongside subjective
reports may enhance measurement validity. Moreover, the
STOP-Bang questionnaire, while widely used, has rela-
tively low specificity, which may have led to an overestima-
tion of OSA prevalence. Lastly, the generalizability of the
findings to populations under 40 or to regions outside of
South Korea may be limited due to differences in the epide-
miological characteristics of the variables.

Conclusions

This study found that chewing difficulty was significantly
associated with an increased risk of OSA among middle-
aged and older females, but no such association was
observed in males. Participants with chewing difficulty
were more likely to have additional OSA risk factors, and
the severity of chewing difficulty was positively correlated
with OSA risk. Therefore, it is imperative to concentrate
on the meaningful correlation between chewing difficulty
and OSA risk factors in the female population, and future
research is required to elucidate this association in detail
along with the underlying causes of masticatory discomfort.
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