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Association between sleep duration and
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Purpose: Despite limited evidence on the relationship between sleep and oral health, this study aimed to inves-
tigate the associations of sleep duration with masticatory discomfort and subjective oral health among Korean
adults.

Materials and Methods: This study included 155,106 participants aged =45 years utilizing data from the 2024
Community Health Survey conducted by the Korea Disease Control and Prevention Agency. Sleep duration was
assessed based on daily sleep hours on workdays and weekends, averaged weekly, and categorized into five
groups. Self-reported masticatory discomfort and oral health status were assessed using a questionnaire. Multi-
variable logistic regression models were used to evaluate the association between sleep duration and self-reported
masticatory discomfort.

Results: Inadequate sleep durations were significantly associated with increased odds of masticatory discomfort.
Compared to individuals sleeping 7.0-7.9 hours, the adjusted odds ratio (AOR) of masticatory discomfort for those
sleeping <5 hours was 1.377 (95% confidence interval: 1.273-1.491). These associations were significantly stronger
among men (AOR = 1.503), adults aged 45-64 years (AOR = 1.467), individuals with moderate-to-severe depression
(AOR = 1.611), white-collar or service/sales workers (AOR = 1.712 and 1.602, respectively), divorced individuals
(AOR = 1.640), and urban residents (AOR = 1.405).

Conclusions: Deviations from the recommended 7-8 hours of sleep are associated with increased masticatory
discomfort. This association was stronger among men, middle-aged and older adults, white-collar and service
workers, divorced individuals, and urban residents.(J Korean Dent Assoc 2026, 64(3): 83-100)
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Introduction

Sleep is a vital psychological process that is essential
for strengthening the body’'s immune system, regulating
circadian rhythms, and maintaining homeostasis. Ac-

cording to previous studies, the recommended amount of
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sleep for adults is 7-8 hours, which is optimal for overall
health and well-being". Insufficient sleep delays physical
recovery, increases the risk of accidents, and is strong-
ly associated with several chronic diseases*”. A nightly
sleep duration of 7-8 hours is generally considered opti-

mal for enhancing overall health in adults?

. Insufficient
sleep reduces the body’s recovery capacity and increas-
es accident risks and the risk of chronic disease, partly
driven by systemic inflammation and impaired immune
responses’?. In Korea, sleep-related disorders are espe-

cially common among adults aged >45 years, many of
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whom experience symptoms, including difficulty initiat-
ing sleep, frequent nocturnal awakenings, early morning
arousal, and non-restorative sleep”. These disturbances
are frequently linked not only to aging but also to co-
existing physical illnesses, psychological stressors like
depression or anxiety, and oral health problems such as
tooth loss or periodontal disease, which may exacerbate
discomfort and systemic inflammation®.

The masticatory system includes the teeth, mandible,
craniomandibular joints, masticatory and accessory
muscles, tongue, lips, cheeks, oral mucosa, and associ-

ated neural structures”

. Masticatory dysfunction is char-
acterized by a decline in normal chewing ability, po-
tentially arising from structural problems, such as tooth
loss, or functional impairments, including decreased bite
strength?. Masticatory discomfort, or difficulty chew-
ing, is common in Korea, especially among older adults.
Temporomandibular dysfunction, a condition often as-
sociated with masticatory discomfort, has been increas-
ing in Korea'?. Impaired mastication, frequently caused
by tooth loss due to periodontal disease, may be affected
by underlying oral inflammation. In this context, inad-
equate sleep, whether too short or too long, has been
associated with increased systemic inflammation and
impaired immunological function'”, both of which can
negatively affect periodontal health and contribute to

chewing dysfunction'?.

Moreover, sleep deprivation
triggers inflammatory responses and morphological
changes in the masseter muscle, contributing to muscle
atrophy, highlighting the crucial role of sleep in muscle
metabolism as sleep disorders can lead to skeletal muscle
alterations characterized by tissue atrophy'.

Several epidemiological studies have explored the re-
lationship between sleep disorders and oral health'”.
However, Research on the association between sleep
and masticatory discomfort is limited, with no large-scale
population-based studies or subgroup analyses consid-
ering lifestyle variations.

This study aimed to examine the association between
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sleep duration and masticatory discomfort, accounting
for sociodemographic and psychological factors such as
age, gender, depression, job type, marital status, and resi-

dential area.

Materials and Methods

This study was approved by the Institutional Review
Board of Kyungpook National University (approval no.
2024-0227).

Data source and study population

This cross-sectional study used data from the Com-
munity Health Survey (CHS), a national household sur-
vey conducted annually by the Korea Disease Control
and Prevention Agency since 2008. The CHS provides
population-based health estimates to support evidence-
based regional healthcare planning and employs a com-
plex sampling design, including systematic sampling
of households within clusters. Adults aged =19 years
residing in sampled households were interviewed one-
on-one by trained examiners using computer-assisted
personal interviewing. The survey includes a household
component (family composition and income) and an
individual self-reported component covering health be-
haviors, physical and mental health, healthcare use, and
socioeconomic factors.

This study utilized data from the 2024 CHS to investi-
gate the associations between sleep duration, mastica-
tory discomfort, and poor oral health. Of the 231,728
participants, those aged <44 years (n = 61,261), those
exhibiting suicidal ideation (n = 39), daily binge drinkers
(n = 5,646), participants with a history of drug abuse (n =
154), and participants with incomplete covariate data (n
= 49,522) were excluded. Therefore, 155,106 participants
were included in the final analysis. The requirement for

written informed consent was waived because the analy-



sis used anonymous and de-identified data. The report-
ing followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines.

Independent variable: sleep duration

Sleep duration was recorded according to responses to
the following question: “How many hours do you typi-
cally sleep in a day?” It was categorized by weekday (or
workday) and weekend (or non-workday, day before
a non-workday) and quantified in hours. Responses
given in minutes were rounded down for <29 minutes
and rounded up for =30 minutes. The information was
promptly reconfirmed in cases of atypical responses (0
hours or 24 hours). The average sleep duration was sub-
sequently calculated and categorized into five groups: <5
hours, 5.0-5.9 hours, 6.0-6.9 hours, 7.0-7.9 hours, 8.0-8.9

hours, and =9 hours using the formula' below.

(Weekday sleep duration x 5)+(Weekend sleep duration x 2)
7

Dependent variable: subjective masticatory discom-
fort and oral health status

Masticatory discomfort was assessed using the follow-
ing participant-reported question: “Are you currently
experiencing difficulty or discomfort while chewing
food due to issues with your teeth, dentures, or gums?”
The examiner clarified the extent of chewing-related
discomfort, with participants using partial or complete
dentures specifically asked about discomfort experi-
enced while wearing them. Masticatory discomfort was
subsequently categorized into two groups: no (including
responses of ‘[veryl comfortable’ and ‘fair) and yes (in-
cluding responses of ‘[very] uncomfortable).

Subjective oral health was assessed through partici-
pants responses to the following question: “How do you
feel about your oral health, including your teeth, gums,

and overall condition?” The examiner-maintained neu-
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trality to ensure unbiased self-assessment. Subjective oral
health was subsequently categorized into two groups:
good (which includes ‘[veryl good’ and ‘fair) and poor
(which includes ‘[very] poor’ and ‘poor), and was rede-

fined as poor oral health.

Confounding variables

Sociodemographic variables included gender, age
(4564, 65-74, =75 years), education ({middle school,
high school, =some college), residential area (urban, ru-
ral), income ({2, 2-3.99, 4-5.99, =6 million Korean Won
(KRW)), job type (white-collar, blue-collar, service/sales,
unemployed), and marital status (never married, married,
divorced, widowed). Physical activity was classified as
inactive, lightly active (walking =30 min/day, =5 days/
week), moderately active (moderate activity =30 min/
day, =5 days/week), or highly active (vigorous activ-
ity =20 min/day, =3 days/week). Alcohol consumption
was categorized by frequency: never, once a month, 2-4
times a month, or =2 times weekly. Smoking status in-
cluded never, former, occasional, or daily smokers. BMI
was calculated from height and weight and categorized
as underweight ({18.5 kg/m?), normal (18.5-22.9), over-
weight (23.0-24.9), or obese (=25.0). Depression, as-
sessed using PHQ-9, was classified as none (0), mild (5-9),
moderate (10-14), moderate-to-severe (15-19), or severe
(20-27). Hypertension and diabetes were based on self-

reported diagnoses.

Statistical analyses

For this study, the directed acyclic graph (Fig. 1), con-
structed based on previous studies, illustrates a hypothet-
ical relationship between the exposure and the outcome.
All statistical analyses utilized sample weights to account
for the complex survey design. Differences in covariates
based on self-reported masticatory discomfort and poor

oral health status were assessed using Rao-Scott adjusted
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Fig. 1. Directed acyclic graph illustrates the hypothesized relationship between sleep duration and oral

health.

chi-square tests. Our study estimated the average mar-
ginal effect (AME) of sleep duration on subjective oral
health using logistic regression models, accounting for
survey weights.

Multivariable logistic regression models were utilized
to investigate the associations between sleep duration,
masticatory discomfort, and poor oral health, estimat-
ing odds ratios (ORs) and 95% confidence intervals (Cls).
Subgroup analyses were performed based on age, gender,
depression status, job type, marital status, and residential
area to investigate the consistency of the association. The
overall model fit was assessed using McFadden's Pseudo
R-squared, which was estimated based on the quasi-log-
likelihood values. The overall significance of the model
was evaluated using a design-adjusted Wald F-test. To
facilitate interpretation of effect sizes derived from the
non-linear regression models, the Average Marginal Ef-
fects (AMEs) were calculated. Statistical analyses were
conducted using R software ver. 4.4.2 (The R Founda-
tion for Statistical Computing, Vienna, Austria) and SPSS
software for Windows ver. 27.0 (IBM Corp, Armonk, NY,
USA). All tests were two-sided, and p < 0.05 was consid-

ered statistically significant.
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Results

A total of 155,106 participants met the inclusion cri-
teria. Most participants were women (53.5%), aged
45-64 years (61.5%), held a college education or higher
(36.3%), and reported the highest income level (=6 mil-
lion KRW: 27.8%). Overall, 41.2% of participants had a
history of smoking (24.4% former, 1.5% occasional, 15.3%
daily), and 49.2% reported alcohol consumption at least
monthly. Regarding chronic conditions, the prevalence
of hypertension and diabetes was 36.6% and 16.2%, re-
spectively. Most participants reported an average sleep
duration of 7.0-7.9 hours (30.6%) or 6.0-6.9 hours (30.5%).
Additionally, 16.5% were classified as having at least mild
to moderate depressive symptoms. Regarding oral health,
21.9% of participants reported masticatory discomfort,
and 30.8% rated their oral health as poor (Table 1).

Adjusted associations between average sleep duration
and both subjective masticatory discomfort and subjec-
tive poor oral health. Using 7.0-7.9 hours of sleep as the
reference group, a clear U-shaped pattern was observed.
Sleep duration <5 hours was significantly associated with
a higher likelihood of experiencing masticatory discom-
fort (AOR=1.377, 95% CIL: 1.273-1.491) and poor oral
health (AOR=1.322, 95% CI: 1.230-1.420). Similarly, sleep
durations of 5.0-5.9 hours and 6.0-6.9 hours also showed



Table 1. General characteristics of the study population according to subjective masticatory discomfort [number (%))

No Yes Total
Total 121,150 (78.1) 33,956 (21.9) 155,106 (100.0)
Gender™
Men 53,090 (56.4) 14,493 (46.7) 67.583 (46.5)
Women 68,060 (53.6) 19,463 (53.3) 87.523 (53.5)
Age (group)’
45-64 68,100 (66.1) 10,653 (40.9) 78,753 (61.5)
65-74 32491 (21.6) 9507 (26.5) 41,998 (22.5)
>75 20559 (12.2) 13,796 (32.6) 34355(15.9)
Education level
< Middle school 42,136 (23.7) 21,205 (50.1) 63,341 (28.5)
High school 42,228 (36.4) 8,179 30.1) 50,407 (35.2)
> College or above 36,786 (39.9) 4572 (19.8) 41,358 (36.3)
Income level (KRW/monthly)
{200 (lowest) 32,002 (18.1) 17,992 (42.7) 49,994 (22.6)
200-399 34,987 (26.6) 8321(26.3) 43,308 (26.5)
400-599 26,598 (24.6) 4306 (16.2) 30,904 (23.1)
> 600 (highest) 27,563 (30.7) 3,337 (14.8) 30,900 (27.8)
Body mass index (kg/m?)’
Underweight (<18.5) 3490 (2.7) 2235(.9) 5725 3.3)
Normal (18.5-22.9) 47,400 (39.6) 9,507 (26.5) 61,648 (39.8)
Overweight (23.0-24.9) 31,834 (26.0) 7974 (23.8) 39,808 (25.6)
Obesity (=25.0) 38426 31.7) 9,499 (29.6) 47,925 (31.3)
Smoking status’
Never smoker 75,207 (59.6) 20,163 (55.2) 95,370 (58.8)
Former smoker 28,341 (24.2) 8,171 (25.5) 36,512 (24.4)
Occasional smoker 1,533 (1.5) 379(1.3) 1912 (1.5)
Daily smoker 16,069 (14.7) 5,243 (18.0) 21312(15.3)
Alcohol consumption’
Never 23,421 (14.6) 9,113 (21.2) 32,534 (15.8)
Once a month 57,661 (48.8) 16,883 (51.3) 74,544 (49.2)
2-4 times a month 20,463 (19.7) 3441 (12.5) 23,904 (18.3)
2 or more a week 19,605 (17.0) 4519 (15.0) 24,124 (16.6)
Hypertension’ 47,033 (34.3) 17,353 (47.0) 64,386 (36.6)
Diabetes’ 20,133 (14.5) 8,406 (23.9) 28539(16.2)
Residence area’
Special metropolitan city - districts 11,521 (18.0) 2,283 (14.2) 13,804 (17.3)
Metropolitan city - districts 43,702 (55.0) 20,372 (52.6) 53,893 (54.6)
Cities with populations under 300,000 4,668 (2.8) 10,191 (2.6) 5,778 (2.8)
Urban-rural complex city 20,506 (14.6) 1,110(17.5) 26,229 (15.1)
Counties 33,857 (8.6) 6,173 (11.4) 45328 (9.1)
Counties with established public health clinic 7.346 (1.0) 11,471 (1.7) 10,074 (1.2)
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No Yes Total
Marital status’
Never married 5327 (5.2) 1379(5.2) 6,706 (5.2)
Married 92,204 (78.0) 20,384 (63.0) 112,588 (75.3)
Divorced 8,140 (7.4) 2,605 (9.4) 10,745 (7.8)
Widowed 15,479 (9.4) 9,588 (22.4) 25,067 (11.8)
Job type’
White-collar 19,975 (22.9) 1,952 (9.1) 21,927 (20.4)
Blue-collar 40,338 (26.3) 11,231 (26.4) 51,569 (26.3)
Service and sales 17,235 (14.5) 2,722 (9.4) 19,957 (13.6)
Unworked 43,602 (36.3) 18,051 (55.2) 61,653 (39.7)
Physical activity’
Inactive 47,499 (36.5) 17,571 (48.4) 65,070 (38.7)
Lightly active 63,358 (55.9) 13,864 (45.5) 77,222 (54.0)
Moderately active 5,962 (3.6) 1,748 (3.7) 7,710 (3.6)
Highly active 4331 (4.0) 773 2.4) 5,104 (3.7)
Depression status (PHQ-9)'
Normal (0-4) 105,050 (86.2) 22445 (64.2) 127,495 (82.2)
Mild to moderate (5-14) 15325 (13.1) 10,141 (31.5) 25,466 (16.5)
Moderate-to-severe depression (20-27) 775 (0.7) 1,370 (4,28) 2,145(1.3)
Average sleep duration (hours/day)’
(50 5,703 (4.4) 3,382 (10.0) 9,085 (5.4)
5.0-5.9 16,419 (14.1) 5477 (17.60) 21.8% (14.8)
6.0-6.9 35,603 (31.4) 8,525 (26.7) 44,128 (30.5)
7.0-7.9 37.974 (32.0) 8213 (24.2) 46,187 (30.6)
8.0-8.9 25451 (18.1) 8359 (21.5) 27,239 (15.4)
>90 4352 (2.8) 22196.7) 65713.3)
Subjective oral health (poor)’ 20,133 (14.5) 8,406 (23.9) 53,871 (30.8)

N: unweighted frequency: %: weighted percentage. The Rao-Scott chi-square test was used to account for the complex survey design.

NS: p»> 0.05,* p<0.05

elevated odds for both outcomes compared with the ref-
erence category. Longer sleep durations demonstrated a
comparable pattern.

Participants sleeping >9.0 hours had significant-
ly higher odds of reporting masticatory discomfort
(AOR=1.245, 95% CI: 1.140-1.360) and poor oral health
(AOR=1.278, 95% CI: 1.188-1.383). The model fit statis-
tics indicated acceptable explanatory power (Pseudo R®
= 0.1313 for masticatory discomfort; Pseudo R* = 0.0941
for poor oral health) (Table 2). The AMEs of both {5 and
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>9 hours sleep durations were associated with 4.5 and
2.9 percentage-point increases, respectively, in the pre-
dicted probability of masticatory difficulty (Table 3).
Subgroup analyses stratified by age group and gender
(Table 4) further confirmed this trend. Among adults aged
45-64 years, sleep duration <5 hours was strongly associated
with masticatory discomfort (AOR=1.467, 95% CI: 1.284-
1.676) and poor oral health (AOR=1.451, 95% CI: 1.296~
1.625). Similar associations were found in the 65-74-year
age group, particularly for poor oral health (AOR=1.224



Table 2. Strengths of association between average sleep duration and subjective masticatory discomfort status

Subjective masticatory discomfort Subjective poor oral health
AOR ol VIF AOR Pl VIF
Lower Upper Lower Upper
Sleep duration (hours)

(5.0 1.377* 1.273 1.491 1.207 1.322% 1.230 1.420 1.259
5.0-59 1.276* 1.202 1354 1313 1.249* 1.188 1312 1.359
6.0-6.9 1.115% 1.061 1.173 1.035 1.141* 1.094 1.189 1.473
7.0-79 Reference Reference

8.0-8.9 1.068* 1.009 1.131 1.349 1.038 0.990 1.089 1.391
=90 1.245* 1.140 1.360 1.140 1.278* 1.180 1.383 1.173

Pseudo R*=0.1313 F=227.29 P<0.001 Pseudo R*=0.0941 F=207.17 P, <0.001

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression
analysis, with weighted values for complex sample design. * p < 0.05

Table 3. Average marginal effects of sleep duration on subjective masticatory discomfort and oral health perception

Subjective masticatory discomfort Subjective oral health
AME 9%l VIF AME 9Nl VIF
Lower Upper Lower Upper
Average sleep duration (hours/day)
(5.0 0.045* 0.034 0.059 1.259 0.056* 0.042 0.070 1.207
5.0-59 0.032* 0.024 0.040 1.359 0.042* 0.033 0.052 1313
6.0-6.9 0.014* 0.007 0.020 1.472 0.024* 0.017 0.032 1.429
7.0-79 Reference Reference
8.0-89 0.008* 0.001 0.015 1391 0.007 -0.002 0016 1349
=90 0.029* 0.017 0.041 1.173 0.047* 0.031 0.063  1.140
Gender
Women -0.021* -0.029 -0.013 2.880 -0.026* -0.036  -0016 2819
Men Reference Reference
Age (group)
45-64 Reference Reference
65-74 0.017* 0.010 0.024 1.753 0.018* 0.009 0026  1.656
=75 0.069* 0.060 0.079 2.562 0.082* 0.070 0.093 2332
Education level
< Middle school 0.086* 0.078 0.094 3.018 0.118* 0.108 0.128 2.797
High school 0.028* 0.021 0.035 2.116 0.040* 0.032 0.048 1.895
> College or above Reference Reference
Income level (KRW/monthly)
200 (lowest) 0.072* 0.063 0.082 3.547 0.078* 0.067 0.089  3.053
200-399 0.026* 0.018 0.034 2.596 0.025* 0.015 0034 2250
400-599 0.012* 0.004 0.020 1.917 0.015* 0.005 0.025 1.756
> 600 (highest) Reference Reference
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Subjective masticatory discomfort

Subjective oral health

AME 9%l VIF AME 9Nl VIF
Lower Upper Lower  Upper
Body mass index (kg/m?)
Underweight (<18.5) 0.061* 0.046 0.075 1.078 0.052* 0.035 0.068 1.069
Normal (18.5-22.9) Reference Reference
Overweight (23.0-24.9) -0.015* 0.021 -0.009 1.240 -0.009* -0.016  -0.001 1264
Obesity (=25.0) -0.018* -0.024  -0.012 1.299 -0.007 -0.014 0.000 1.332
Smoke Status
Never smoker Reference Reference 1.186
Former smoker 0.016 -0.005 0.037 2319 0.061* 0.051 0072  2.278
Occasional smoker 0.030* 0.021 0.038 1.057 0.062* 0.036 0.088  1.064
Daily smoker 0.071* 0.061 0.081 2.042 0.145* 0.133 0.157 1.996
Alcohol consumption
Never Reference Reference
Once a month 0.001 -0.005 0.007 1.699 -0.003 -0.011 0005 1819
2-4 times a month -0.023* -0.032 -0.014 1.549 -0.028* -0.038  -0.017  1.680
2 or more a week -0.005 0.014 0.004 1753 -0.011 -0.022 0000  1.852
Hypertension
Yes 0.011* 0.005 0.016 1.187 0.009* 0.002 0.015 1.197
No Reference Reference
Diabetes
Yes 0.028* 0.021 0.034 1.072 0.056* 0.048 0064  1.074
No Reference Reference
Depression status (PHQ-9)
Normal (0-4) Reference Reference
Mild to moderate (5-14) 0.129* 0.121 0.137 1.097 0.123* 0.114 0.132 1.099
Moderate-to-severe depression (=>15) 0.255* 0.227 0.284 1.041 0.257* 0.227 0287  1.034
Residence area
Urban Reference Reference
Rural 0.019* 0.014 0.024 1.127 0.024* 0.018 0.030 1.127
Marital status
Never married Reference Reference
Married -0.007 -0.019 0.005 6.155 -0.017* -0.031  -0.002  5.388
Divorced 0.012 -0.002 0.025 2595 0.000 -0.017 0017 2455
Widowed 0.030* 0.017 0.044 5.900 0.024* 0.007 0.041 4954
Job type
White-collar Reference Reference 1.097
Blue-collar 0.026* 0.018 0.034 4372 0.039* 0.028 0.050 3.419
Service and sales 0.019* 0.008 0.029 2.236 0.014* 0.002 0026 2014
Unworker 0.041* 0.032 0.050 4.775 0.045* 0.034 0.056  3.664
Physical activity
Inactive Reference Reference
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Subjective masticatory discomfort

Subjective oral health

95%CI 95%CI
AME VIF AME VIF
Lower Upper Lower Upper
Lightly active -0.033* -0.038 -0.028 1.117 -0.036* -0.042  -0.030 1.128
Moderately active -0.014* -0.026 -0.002 1.078 -0.030* -0.045 -0016 1.079
Highly active -0.040* -0.054 -0.026 1.047 -0.058* -0.075  -0.041  1.051

AME, average marginal effect; CI: confidence interval; VIF, variance inflation factor. AME values reflect changes in the predicted probability
of the outcome associated with a unit change in the independent variable, typically ranging from -1 to +1. *: p {0.05 compared with the
reference group

Table 4. Subgroup analysis 1 of strengths of association between average sleep duration and masticatory discomfort status by
age group and gender

Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% CI 95% CI
AOR AOR
Lower Upper Lower Upper
Age (group)

45-64 Pseudo R*=0.0851 F=76.43 P<0.001 Pseudo R*=0.0648 F=78.63 P <0.001
(5.0 1.467* 1.284 1.676 1.451* 1.296 1.625
5.0-59 1.365* 1.246 1.494 1.308* 1.221 1.402
6.0-6.9 1.171* 1.088 1.261 1.185* 1.120 1.254
7.0-7.9 Reference Reference
8.0-89 1.063 0.967 1.168 1.003 0.934 1.077
=90 1.164 0.968 1.400 1.278* 1.099 1.487

65-74 Pseudo R*=0.0826 F=42.53 P<0.001 Pseudo R*=0.0626 F=39.66 P<0.001
(5.0 1.311% 1.144 1.504 1.224* 1.081 1.386
5.0-59 1.241* 1.114 1.384 1.168* 1.066 1.279
6.0-69 1.042 0952 1.141 1.060 0.982 1.144
7.0-7.9 Reference Reference
8.0-89 0.967 0.871 1.073 1.028 0.943 1.121
=90 1.145 0.964 1.360 1.180* 1.013 1.375

>75 Pseudo R?=0.0873 F=40.46 P {0.001 Pseudo R*=0.0647 F=31.28 p <0.001
(5.0 1.293* 1.133 1477 1.189* 1.040 1.359
5.0-59 1.122* 1.002 1.256 1.152% 1.032 1.286
6.0-6.9 1.079 0.978 1.191 1.090 0.995 1.195
7.0-7.9 Reference Reference
8.0-8.9 1.150* 1.044 1.267 1.100* 1.003 1.207
=90 1.313* 1.157 1.490 1.289* 1.140 1.458

Gender

Men Pseudo R*=0.1146 F=91.88 P<0.001 Pseudo R*=0.0823 F=85.40 P<0.001
(5.0 1.503* 1316 1.716 1.369* 1.213 1.544
5.0-5.9 1.312* 1.196 1.440 1.291% 1.197 1.393
6.0-69 1.147* 1.066 1.234 1.136* 1.071 1.206
7.0-7.9 Reference Reference
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Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% CI 95% CI
AOR AOR

Lower Upper Lower Upper
8.0-8.9 1.053 0.971 1.142 1.035 0.968 1.106
=90 1.224* 1.082 1.385 1.259* 1.127 1.406

Women Pseudo R*=0.1487 F=154.07 P<0.001 Pseudo R*=0.1043 F=134.37 P<0.001

(5.0 1.310* 1.186 1.446 1.297* 1.184 1421
5.0-59 1.251% 1.156 1.353 1.216* 1.138 1.299
6.0-6.9 1.090* 1.017 1.167 1.145* 1.082 1.213
7.0-7.9 Reference Reference
8.0-8.9 1.085* 1.002 1.176 1.041 0.974 1.113
=90 1.277* 1.127 1.446 1.305* 1.163 1.465

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regres-
sion analysis, with weighted values for complex sample design. *: p < 0.05.

and 1.180). In adults aged =75 years, both <5 and =9 hours
sleep durations were significantly associated with increased
masticatory discomfort (AOR=1.293 and 1313), whereas
poor oral health was markedly higher in those with a sleep
duration of >9 hours (AOR=1.289, 95% CI: 1.140-1.458).
Gender-stratified results showed consistent associations.
Among men, sleep durations <5 hours and 5.0-5.9 hours
significantly increased odds of masticatory discomfort
(AOR=1.503 and 1.312) and poor oral health (AOR=1.369
and 1.291). Women exhibited similar patterns; those sleep-
ing <5 hours had elevated odds for masticatory discomfort
(AOR=1.310, 95% CI: 1.186-1.446) and poor oral health
(AOR=1.297, 95% CI: 1.184-1.421), with increased risks also
observed at =9 hours of sleep.

Subgroup analyses according to sociodemographic
factors are presented in Tables 5 and 6. Sleep duration
(5 hours was consistently associated with higher odds
of both subjective masticatory discomfort and poor oral
health perception across all depression groups. Among
participants with normal depression scores (PHQ-9 0-4),
sleeping less than 5 hours was associated with increased
odds of masticatory discomfort (AOR = 1.529, 95% CI =
1.372-1.699) and poor oral health (AOR = 1.544, 95% CI =
1.406-1.694) compared with 7.0-7.9 hours of sleep. Simi-

lar associations were observed in the mild-to-moderate
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depression group (PHQ-9 5-14), although effect sizes
were slightly smaller. In the moderate-to-severe depres-
sion group (PHQ-9 >15), both {5 and =9 hours sleep
durations were associated with higher odds of mastica-
tory discomfort (AOR = 1.611 and 2.310).

When stratified by job type, white-collar and service/
sales workers exhibited higher odds of masticatory dis-
comfort and poor oral health than blue-collar workers
and unemployed individuals. Among white-collar par-
ticipants, sleep duration <5 hours was associated with
higher odds of masticatory discomfort (AOR = 1.712,
95% CI: 1.239-2.364) and poor oral health (AOR = 1.662,
95% CI: 1.294-2.133). Similar associations were observed
among service/sales workers, with AORs of 1.602(95% CI:
1.250-2.052) for masticatory discomfort and 1.413(95%
CI: 1.145-1.742) for poor oral health.

Regarding marital status, participants who were nev-
er married or divorced showed significant associations.
Among the never married, sleeping less than 5 hours was
associated with AORs of 1.612 (95% CI: 1.078-2.411) for
masticatory discomfort and 1.472 (95% CI: 1.038-2.086)
for poor oral health. For divorced participants, the cor-
responding AORs were 1.640 (95% CI: 1.285-2.093) and
1.495 (95% CI: 1.192-1.875). By residential area, associa-

tions were stronger in urban than rural residents; sleep-



Table 5. Subgroup analysis 2 of strengths of association between average sleep duration and masticatory discomfort status by depression

Subjective poor oral health
95% CI

Lower

Subjective masticatory discomfort

95% CI
AOR AOR
Lower Upper

Sleep duration (hours)

Upper

Depression status (PHQ-9 score; group)

Normal (0-4)
(5.0
5.0-5.9
6.0-6.9
7.0-7.9
8.0-8.9
=90

Mild to moderate (5-14)

(50
5.0-59
6.0-6.9
7.0-7.9
8.0-89
=90

Moderate-to-severe depression (=>15)

(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-89
=90

Pseudo R?=0.0814 F=130.62 p €0.001

1.529* 1.372 1.699
1.368* 1.275 1.467
1.109* 1.049 1.174
Reference
1.058 0.993 1.128
1.277* 1.151 1417
Pseudo R?=0.1031 F=42.67 p <0.001
1.236* 1.085 1.408
1.114 0.992 1.252
1.091 0.974 1.222
Reference
1.078 0.942 1.234
1.078 0.903 1.287
Pseudo R?=0.1170 F=3.95 p <0.001
1.611* 1.042 2.492
1.120 0.708 1.769
1.704* 1.076 2.701
Reference
1.544 0.920 2,591
2.310* 1.302 4.101

Pseudo R*=0.0670 F=138.40 p €0.001

1.544* 1.406 1.694
1.309* 1.238 1.384
1.144* 1.093 1.197
Reference
1.034 0.982 1.089
1.277* 1.167 1.398
Pseudo R*=0.0826 F=37.43 p <0.001
1.095 0.967 1.239
1.074 0.962 1.199
1.086 0.977 1.208
Reference
1.042 0916 1.184
1.188 0.995 1.419
Pseudo R*=0.1123 F=3.59 p <0.001
1320 0.837 2.080
1.348 0.844 2.152
1.894* 1.164 3.082
Reference
1.656 0.951 2.884
2.450* 1.327 4.524

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression
analysis, with weighted values for complex sample design. *: p < 0.05

Table 6. Subgroup analysis 3 of Strengths of association between average sleep duration and masticatory discomfort status by
job type

Subjective masticatory discomfort Subjective poor oral health

Sleep duration (hours) 95% ClI 95% CI
AOR AOR
Lower Upper Lower Upper
Job type
White-collar Pseudo R?=0.0398 F=9.90 p <0.001 Pseudo R?=0.0394 F=13.55 p <0.001

(5.0 1.712* 1.239 2.364 1.662* 1.294 2.133
5.0-59 1.312* 1.082 1.590 1.312* 1.143 1.505
6.0-6.9 1.069 0.922 1.239 1.069 0.959 1.192
7.0-7.9 Reference Reference
8.0-8.9 1.044 0.837 1.301 0.955 0.824 1.107
=90 0.648 0.369 1.139 0.903 0.618 1.320

Blue-collar

Pseudo R?=0.0770 F=48.01 p <0.001
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Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% ClI 95% CI
AOR AOR

Lower Upper Lower Upper
(5.0 1.384* 1.194 1.603 1.310* 1.145 1.498
5.0-5.9 1.176* 1.059 1.307 1.182* 1.083 1.291
6.0-6.9 1.088 0.997 1.188 1.126* 1.047 1.211
7.0-7.9 Reference Reference
8.0-8.9 1.018 0.920 1.125 1.013 0931 1.103
=90 1.294* 1.084 1.546 1.181* 1.011 1.380

Service and sales Pseudo R*=0.0533 F=13.33 p €0.001 Pseudo R*=0.0485 F=15.68 p €0.001
(5.0 1.602* 1.250 2.052 1.413* 1.145 1.742
5.0-59 1.475* 1.231 1.768 1.401* 1.216 1.614
6.0-6.9 1.234* 1.066 1.429 1.331% 1.188 1.491
7.0-7.9 Reference Reference
8.0-8.9 1.000 0.825 1.213 0.884 0.763 1.024
=90 1.028 0.635 1.663 1.398 0976 2.003
Unworked Pseudo R*=0.1455 F=126.30 p <0.001 Pseudo R?=0.1128 F=113.40 p <0.001

(5.0 1.305* 1.176 1.448 1.259* 1.139 1.390
5.0-59 1.279* 1.172 1.395 1.222* 1.132 1.321
6.0-6.9 1.118* 1.037 1.206 1.121% 1.050 1.196
7.0-7.9 Reference Reference
8.0-8.9 1.097* 1.014 1.187 1.099* 1.023 1.179
>90 1.249* 1.119 1.393 1.302* 1.175 1.443

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression

analysis, with weighted values for complex sample design. *: p < 0.05

ing less than 5 hours was linked to AORs of 1.405 (95% CI:
1.269-1.555) for masticatory discomfort and 1.320 (95%
CI: 1.205-1.445) for poor oral health (Table 7).

Discussion

This large-scale, population-based study demonstrated
that non-optimal sleep duration, specifically {5 and =9
hours, was associated with increased risks of masticatory
discomfort and poor oral health, forming a U-shaped
pattern. This association was most pronounced among
men aged 45-64 years, individuals with moderate-to-
severe depression, white-collar or service/sales workers,

urban residents, and divorced individuals.
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Our study indicated that insufficient sleep duration
showed significant associations with increased risks
of both masticatory discomfort and poor oral health.
These associations may be attributed to physiological,
biological, and behavioral pathways. Previous studies
have demonstrated that age-related declines in muscle
strength and neuromuscular coordination are related
to decreased masticatory ability, particularly in older
adults'. Insufficient sleep has been suggested to inter-
fere with muscle recovery and coordination, which may
indirectly contribute to reduced oral functional capac-
ity'”. Furthermore, insufficient sleep has been associated
with systemic inflammation and immune dysregulation,
which are implicated in the pathogenesis of periodontal

disease and oral discomfort'®. From a behavioral per-



Table 7. Subgroup analysis 4 of strengths of association between average sleep duration and masticatory discomfort status by

marital status

Sleep duration (hours)

Subjective masticatory discomfort
95% CI
Lower Upper

AOR

Subjective poor oral health
95% CI
Lower Upper

AOR

Marital status
Never married
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Married
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Divorced
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Widowed
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Type of residence
Urban
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
=90

Rural

Pseudo R*=0.1677 F=14.93 p <0.001

1.612* 1.078 2411
1.121 0.850 1.478
1.120 0.888 1413
Reference
1.062 0.819 1378
0.766 0.494 1.188
Pseudo R*=0.1027 F=133.05 p €0.001
1.371* 1.237 1.519
1.295* 1.204 1.394
1.112* 1.047 1.181
Reference
1.061 0.989 1.138
1.254* 1.121 1.404
Pseudo R*=0.1328 F=21.05 p €0.001
1.640* 1.285 2.093
1.445* 1.185 1.762
1.261* 1.066 1.491
Reference
1.032 0.836 1275
1.369 0970 1.933
Pseudo R*=0.1224 F=39.50 p <0.001
1.265* 1.092 1.464
1.160* 1.018 1.322
1.055 0.938 1.185
Reference
1.079 0.952 1.222
1.258* 1.066 1.485

Pseudo R*=0.1278 F=151.09 p €0.001

1.405* 1.269 1.555

1.308* 1.212 1411

1.139* 1.068 1.215
Reference

1.086* 1.005 1.175

1.297* 1.149 1.464

Pseudo R*=0.1278 F=151.09 p €0.001

Pseudo R*=0.1183 F=13.82 p <0.001

1.472* 1.038 2.086
1.210 0.962 1.523
1.334* 1.113 1.599
Reference
1.033 0.835 1.277
1.373 0.946 1.993
Pseudo R*=0.0760 F=129.20 p €0.001
1.305* 1.190 1431
1.236* 1.165 1311
1.110* 1.058 1.165
Reference
1.026 0.969 1.085
1.225* 1.110 1.352
Pseudo R*=0.1124 F=21.17 p €0.001
1.495* 1.192 1.875
1.464* 1.236 1.736
1.202* 1.040 1.389
Reference
1.004 0.845 1.193
1315 0.960 1.800
Pseudo R*=0.0929 F=33.58 p <0.001
1.301% 1.128 1.502
1.223* 1.081 1.385
1.217* 1.093 1.355
Reference
1.092 0972 1.227
1.387* 1.177 1.634

Pseudo R*=0.0910 F=141.05 p <0.001

1.320* 1.205 1.445

1.263* 1.188 1344

1.154* 1.096 1.216
Reference

1.050 0.987 1.118

1.306* 1.173 1.455

Pseudo R*=0.0924 F=113.40 p €0.001
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Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% CI 95% CI
AOR AOR

Lower Upper Lower Upper
(5.0 1.328* 1.195 1.475 1.340* 1.214 1.478
5.0-5.9 1.191* 1.098 1.291 1.196* 1.114 1.285
6.0-69 1.059 0.989 1.134 1.099* 1.037 1.165
7.0-7.9 Reference Reference
8.0-8.9 1.026 0.956 1.102 1.008 0.946 1.074
=90 1.131* 1.015 1.261 1.208* 1.092 1336

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression

analysis, with weighted values for complex sample design. *: p € 0.05.

spective, individuals with shorter sleep duration are more
prone to exhibit poor oral hygiene practices, inconsistent
eating habits, and increased consumption of cariogenic
foods, all of which are risk factors for deteriorating oral
health®?. These unhealthy behaviors may stem from fa-
tigue, diminished motivation for self-care, or disruption
of daily routines caused by inadequate sleep?”.

Conversely, excessive sleep duration, frequently associ-
ated with underlying chronic disease, depression, or sed-
entary behavior, may reflect health-related susceptibility
that leads to poor oral outcomes?. Considering physi-
ological, biological, and behavioral mechanisms, these
factors may help explain the U-shaped association ob-
served between sleep duration and oral health outcomes
in this study.

Subgroup analyses of individual factors, including age,
gender, and depressive symptoms, revealed significant
variations. The association between sleeping <5 hours
and both masticatory discomfort and poor oral health re-
mained statistically significant across all age groups, with
the highest AOR observed among middle-aged adults
(45-64 years). This pattern may be related to accumulat-
ed lifestyle factors, including heavy workload?, frequent
alcohol consumption”, and high consumption of sugary
foods, which can adversely impact sleep quality and oral
health. These findings are consistent with those of previ-
ous studies that demonstrated increased vulnerability to

sleep disturbances among middle-aged individuals due
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to cumulative psychosocial stress and physiological de-
cline®®. Regarding gender, short sleep duration had a
stronger association with poor oral health and mastica-
tory discomfort in men than in women. This may reflect
gender-related differences in oral hygiene behaviors and
increased exposure to occupational stress”??”. Men are
generally reported to engage less in preventive health
behaviors and are more prone to experience irregular
daily routines®®, both of which may exacerbate the
consequences of sleep deprivation. Sleep duration was
associated with masticatory discomfort and poor oral
health, with the strength of this association varying by
depression severity. In participants without depressive
symptoms, short sleep had the most pronounced nega-
tive effect. In the mild-to-moderate depression group,
the association was weaker, possibly due to partial offset
by intermediate depressive symptoms. Among those with
severe depression, both short and long sleep were linked
to higher risks, forming a U-shaped pattern. These find-
ings suggest that psychological vulnerability modifies the
impact of sleep duration on oral health®. Additionally, it
aligns with evidence indicating that sleep duration is sig-
nificantly related to depression®”. Recent findings from
a cross-sectional study on Korean adults demonstrated
a positive association between high stress levels and
self-reported poor oral health®. Loneliness is associated
with masticatory discomfort®. When these factors coex-

ist with depressive symptoms, which may be worsened



by short sleep duration, they may further strengthen the
observed negative association between sleep and oral
health®.

Significant discrepancies were detected in the asso-
ciation between sleep duration and dental health when
subgroups were analyzed based on residence area, mari-
tal status, and job type. Urban residents exhibit a stron-
ger association between sleep deprivation and mastica-
tory discomfort or poor oral health than rural residents.
Environmental factors prevalent in urban areas, includ-
ing noise, air pollution, and irregular lifestyle patterns,
may impair sleep quality, thereby contributing to oral
health deterioration®. Sleep deprivation impairs im-
mune function and exacerbates systemic inflammation,
aggravating periodontal inflammation and increasing
masticatory discomfort. A previous experimental study
has demonstrated that sleep-deprived mice exhibit in-
creased gingival inflammation and alveolar bone loss*.
These findings suggest that sleep deprivation and fatigue
act as modifying factors for periodontal disease progres-
sion. A population-based study has demonstrated that
individuals with sleep disorders experience more fre-
quent toothache and masticatory discomfort and poorer
self-rated oral health. Rural areas may be associated
with lower environmental stress and more regular daily
routines, perhaps alleviating the adverse effects of sleep
deprivation on oral health. Marital status further modi-
fied these associations. Divorced individuals with short
sleep duration exhibited the highest risks for masticatory
discomfort and poor oral health, highlighting the role of
social isolation and emotional stress in oral health dis-
parities”?. Occupational differences were also apparent.
White-collar workers who slept <5 hours had significant-
ly higher risks of poor oral health and masticatory dis-
comfort, which may be related to sustained occupational
stress and muscle tension that could influence mastica-
tory discomfort®3?,

Potential confounding factors may exist in the rela-

tionship between sleep duration and masticatory dis-
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comfort. In this study, after adjusting for a wide range of
sociodemographic and behavioral variables, the associa-
tions between sleep duration and both masticatory dis-
comfort and poor subjective oral health remained statis-
tically significant. Adjusted odds ratios, AME, and model
explanatory power (Pseudo R?) were considered to assess
these associations. Furthermore, additional subgroup
analyses focusing on potential confounders were con-
ducted to examine possible interactions, and these anal-
yses also supported the observed associations between
sleep duration and masticatory discomfort. These find-
ings indicate that sleep duration independently contrib-
utes to an increased likelihood of masticatory discomfort
and poor oral health, even after controlling for potential
confounders. Nevertheless, residual confounding cannot
be entirely excluded, as unmeasured factors—such as
dietary habits, stress levels, oral hygiene behaviors, sys-
temic inflammation, and genetic predispositions—may
still have influenced the observed associations. These
factors should be taken into account when interpreting
the results.

To the best of our knowledge, epidemiological stud-
ies analyzing the association between sleep duration and
masticatory discomfort remain limited, particularly those
utilizing large-scale population data stratified by age,
gender, and depression. Highlighting the essential role of
sleep duration in understanding oral health is a substan-
tial and valuable initial step in this field. These findings
may also serve as fundamental data for future research
on the comprehensive association between sleep dura-
tion and oral health and provide a basis for developing
targeted interventions to promote better sleep and oral
health. Highlighting the essential role of sleep duration
in understanding oral health is a substantial and valuable
initial step in this field. These findings may also serve as
fundamental data for future research on the comprehen-
sive association between sleep duration and oral health
and provide a basis for developing targeted interventions

to promote better sleep and oral health.



This study has some limitations. First, the cross-sec-
tional design provided valuable insights into associations
but did not allow for causal inferences. The temporal as-
sociation between sleep duration and oral health could
not be established, leaving the possibility that poor oral
health could affect sleep duration or vice versa. Longi-
tudinal studies are needed to better understand the di-
rectionality of these associations and determine whether
interventions aimed at improving sleep duration can
lead to improved oral health. Second, reliance on self-
reported measures for sleep duration and subjective oral
health introduces potential recall bias and misclassifi-
cation. Objective assessments of sleep (e.g., actigraphy
or polysomnography) and clinical oral examinations
would strengthen future research. Third, although the
study accounted for several confounding factors, other
unmeasured variables might have affected the observed
associations. Uncontrolled factors, including diet, stress,
physical activity, and genetic predispositions, might sig-
nificantly influence the association between sleep dura-
tion and oral health. Cultural and environmental factors
influencing sleep patterns and oral health behaviors
were not accounted for, potentially limiting the gener-
alizability of the findings to diverse populations. Future
studies may further clarify the pathways linking sleep
duration to masticatory discomfort by employing me-
diation analyses or structural equation modeling, which
could provide a more comprehensive understanding of
the underlying mechanisms.

In conclusion, this study demonstrated that insufficient
sleep duration is significantly associated with mastica-
tory discomfort and poor oral health among Korean
adults. These findings highlight the potential significance
of sleep-focused interventions in oral health promotion
strategies. The disparity in this association across so-
ciodemographic and psychological factors underscores

the need for tailored interventions.
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