
Journal of Dental Sciences 20 (2025) 529e538
Taiw
an  Association for Denta

l S
ci

en
ce

s

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e-jds.com
Original Article
Relationships between orofacial pain and
sleep: Analysis of UK biobank and genome-
wide association studies data

Yang Jiang a,b,c, Xu Gong a,b,c, Min Yu a,b,c*, Xuemei Gao a,b,c**
a Department of Orthodontics, Peking University School and Hospital of Stomatology, Beijing, China
b Center for Oral Therapy of Sleep Disordered Breathing, Peking University School and Hospital of
Stomatology, Beijing, China

c National Center for Stomatology, Beijing, China
Received 21 April 2024; Final revision received 27 April 2024
Available online 6 May 2024
KEYWORDS
Orofacial pain;
Temporomandibular
joint disorders;

Public health;
Sleep
* Corresponding author. Department
Avenue, Haidian District, Beijing, 100
** Corresponding author. Departmen

Avenue, Haidian District, Beijing, 100
E-mail addresses: yumin_0213@pk

https://doi.org/10.1016/j.jds.2024.04.
1991-7902/ª 2025 Association for Denta
the CC BY-NC-ND license (http://creati
Abstract Background/purpose: Orofacial pain is common in dental practices. This study
aimed to explore relationships between orofacial pain and sleep using the UK Biobank dataset
and, based on epidemiological associations, to investigate the causal association using
genome-wide association studies data.
Materials and methods: First, a cross-sectional study was conducted with 196,490 participants
from UK Biobank. Information on pain conditions and sleep traits was collected. Multivariable
models were used to explore the relationships with odds ratio (OR). Second, Mendelian
randomization analyses were conducted using data for orofacial pain, including temporoman-
dibular joint disorders-related pain (n Z 377,277) and atypical facial pain (n Z 331,749), and
sleep traits, including sleep duration (n Z 446,118), short sleep (n Z 411,934), long sleep
(n Z 339,926), snoring (n Z 359,916), ease of getting up (n Z 385,949), insomnia
(nZ 453,379), daytime dozing (nZ 452,071), daytime napping (nZ 452,633), and chronotype
(n Z 403,195).
Results: The cross-sectional study confirmed the bidirectionality between pain and sleep. Par-
ticipants experiencing pain all over the body showed a significant association with an un-
healthy sleep pattern (OR Z 1.18, P < 0.001) and other sleep traits (P < 0.05). Risks of
chronic orofacial pain were associated with sleep duration in a non-linear relationship
(P Z 0.032). The Mendelian randomization analyses indicated that long sleep was causally
associated with temporomandibular joint disorders-related pain (OR Z 6.77, P Z 0.006).
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Conclusion: The relationship between pain and sleep is bidirectional. Long sleep is found to be
causally associated with chronic orofacial pain.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Sleep serves as a fundamental life activity and is associated
with immune functions, energy metabolism, and cognitive
functions.1 Sleep disturbances are a global health issue,
negatively impacting quality of life and socioeconomic
well-being.2 Sleep disturbances often coexist with other
chronic disorders, such as cardiovascular diseases, endo-
crine diseases, and pain disorders.3 A bidirectional rela-
tionship between sleep patterns and pain disorders has
been suggested,4 with possible mechanisms including
neurobiological factors, inflammatory processes, and other
biological pathways.5

Orofacial pain is defined as “pain originating primarily
from the regions of the face and mouth”,6 with a preva-
lence of 10% to 15%,7 especially prevalent in dental clinical
practices, including temporomandibular joint pain, among
others.8 Based on pain duration, orofacial pain can be
classified as acute (lasting less than three months) or
chronic (lasting more than three months). Orofacial pain
has a multifactorial etiology, including functional disorders,
structural abnormalities, and psychosocial behaviors,9 with
sleep serving as an important indicator. Studies have shown
a high comorbidity between sleep disturbances and pain
disorders, but the directionality of whether poor sleep
precipitates pain or pain contributes to sleep disturbances
is still unclear.4 Some researchers have observed that poor
sleep quality can lower pain thresholds and increase
sensitivity to painful stimuli,10 while others have pointed
out that pain can lead to fragmented sleep patterns and
disrupt the normal sleep cycle.11 However, the sample size
in these studies was relatively small, and causal-association
studies on pain and sleep were still lacking.

Although the association between pain and sleep has
been widely explored, research on the relationship be-
tween orofacial pain and sleep, as well as its causal asso-
ciations and directionality, is limited. Therefore, based on
previous clinical observations of an association between
sleep and temporomandibular joint pain, this study intends
to (1) use the UK Biobank (UKB) dataset, a large-scale
biomedical database, to explore the cross-sectional rela-
tionship among sleep traits, scores and orofacial pain; and
(2) based on epidemiological associations, use Mendelian
randomization (MR), a statistical method comparable to
randomized controlled trials,12 to explore the causal effect
of sleep traits with orofacial pain, using single nucleotide
polymorphisms (SNPs) from genome-wide association
studies as unconfounded proxies.
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Materials and methods

The flow chart of the study is shown in Fig. 1, which consists
of an epidemiological study and Mendelian randomization
analyses. Epidemiological and causal associations were
applied to explore the relationships between orofacial pain
and sleep.

Data source

The UK Biobank recruited over 500,000 participants aged
40e69 years between 2006 and 2010 from 22 assessment
centers throughout the UK.13 Informed consent was ob-
tained from all participants, which was approved by the
North West Multi-Center Research Ethics Committee (21/
NW/0157). Data in this study were obtained under appli-
cation #93749.

The genome-wide association study (GWAS) data for
temporomandibular joint disorders (TMD)-related pain
(n Z 377,277) and atypical facial pain (n Z 331,749) were
obtained from the FinnGen project.14 The GWAS data for
nine sleep traits were obtained from UKB participants,
including sleep duration (n Z 446,118),15 short sleep
(n Z 411,934),15 long sleep (n Z 339,926),15 snoring
(n Z 359,916),16 ease of getting up (n Z 385,949),16

insomnia (n Z 453,379),17 daytime dozing (n Z 452,071),18

daytime napping (n Z 452,633),19 and morningness chro-
notype (n Z 403,195).20 Summary statistics for the genetic
associations with body mass index (n Z 681,275) were
extracted from a meta-analysis,21 and type 2 diabetes
(n Z 659,316) from a GWAS study.22 Ethical approval and
participants’ written informed consent could be obtained in
the original studies.

Participants

As depicted in Fig. 1, we excluded UKB participants with
psychological, neurological, or sleep disorders diagnosed
using the International Classification of Diseases, 10th
Revision (ICD-10), as well as those with severe vascular is-
sues, heart problems, or physician-diagnosed diabetes.
Then we excluded participants with missing data on sleep
traits, pain conditions, or covariates. Additionally, in-
dividuals reporting two or more discrete pain sites were
excluded. This resulted in a total of 196,490 participants
being included in the epidemiological study. The partici-
pants were assigned into four groups on their pain

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1 The flow chart of the study.
Abbreviations: UKB: UK biobank; MR: Mendelian randomization; TMD: Temporomandibular joint disorders.

Journal of Dental Sciences 20 (2025) 529e538
conditions: orofacial pain group, other sites pain group,
pain all over the body group, and pain-free group.
Pain conditions

Pain conditions were assessed using the question: “In the
last month have you experienced any of the following that
interfered with your usual activities? (You can select more
than one answer)”. The response options included head-
ache, facial pain, neck or shoulder pain, back pain, stom-
ach or abdominal pain, hip pain, knee pain, pain all over
the body, and none of the above. For each pain type,
participants were asked if they had experienced it for more
than 3 months. Participants who selected “facial pain”
were included in the orofacial pain group, those who
selected only one of the following sites (“headache”, “neck
or shoulder pain”, “back pain”, “stomach or abdominal
pain”, “hip pain”, and “knee pain”) were included in the
other sites pain group, those who chose “pain all over the
body” were included in the pain all over the body group,
and those who chose “none of the above” were included in
the pain-free group. The orofacial pain group was further
divided into acute orofacial pain group (those who reported
having facial pain but indicated that it had not been pre-
sent for more than 3 months) and chronic orofacial pain
group (those who reported having facial pain and indicated
that it had been present for more than 3 months).

In the MR analysis, TMD-related pain and atypical facial
pain were selected as indicators of orofacial pain. TMD-
related pain was identified using specific ICD-10 codes,
including K07.60 and K07.63, and atypical facial pain was
identified using the ICD-10 code (G50.1) and ICD-9 code
(3502).
Sleep traits and sleep scores

Sleep traits, including sleep duration, snoring, ease of
getting up, insomnia, daytime dozing, daytime napping,
and chronotype, were assessed through a questionnaire
with the following questions:
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“About how many hours sleep do you get in every 24
hours? (please include naps)”, “Does your partner or a
close relative or friend complain about your snoring?”,
“On an average day, how easy do you find getting up in
the morning?”, “Do you have trouble falling asleep at
night or do you wake up in the middle of the night?”,
“How likely are you to doze off or fall asleep during the
daytime when you don’t mean to? (e.g. when working,
reading or driving)”, “Do you have a nap during the
day?”, “Do you consider yourself to be? (‘Definitely a
morning person’, ‘More a morning than evening person’,
‘More an evening than a morning person’, ‘Definitely an
evening person’)”. In the MR analysis, short sleep (�6
hours) and long sleep (�9 hours) relative to 7e8 hours of
sleep duration were identified separately.

Based on previous studies,23e25 we used sleep scores
involving five sleep traits (sleep duration, snoring,
insomnia, daytime dozing, and chronotype) to provide a
comprehensive description of sleep patterns, with higher
scores corresponding to a healthier sleep pattern. A low risk
for each sleep trait was coded as 1 and others as 0. A sleep
score ranging from 0 to 5 was generated by summing up the
codes. Low-risk sleep traits were defined as 7e8 h/day of
sleep duration, no reported snoring, reported never/rarely
or sometimes having insomnia symptoms, reported never/
rarely having daytime dozing, and reported ‘Definitely a
morning person’ or ‘More a morning than evening person’
for chronotype.23e25

Mendelian randomization analysis

As depicted in Fig. 1, we conducted bidirectional MR and
multivariable MR analyses to assess the causal associations
of orofacial pain with sleep traits.26 Initially, we screened
instrumental variables (IVs) of SNPs using sleep traits as
exposures and orofacial pain indicators as outcomes.
Following this, we conducted a reverse MR analysis, using
orofacial pain indicators as exposures and sleep traits as
outcomes. Finally, we employed a multivariable MR analysis
to determine the direct effect of sleep traits on orofacial
pain accounting for body mass index (BMI) and type 2
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diabetes (T2D).27 Heterogeneity and pleiotropy tests were
also performed.

Genetic IVs were selected based on (1) genome-wide
significance (P < 5 � 10�8) in the exposure GWAS study with
a more relaxed significance level (5 � 10�6) applied for
extracting sufficient IVs;28 (2) a linkage disequilibrium
r2 < 0.001 within a 10,000 kb clumping window; (3) F sta-
tistics >10 corresponding to each SNP; (4) harmonization of
palindromic and incompatible SNPs.

Statistical analysis

All statistical analyses were conducted using R 4.3.0 (The R
Foundation, Vienna, Austria), with a 2-sided P < 0.05
considered statistically significant. The KolmogoroveSmirnov
test showed that all continuous data had a skewed distribu-
tion; therefore, they were summarized as medians (lower
quartiles, upper quartiles). Categorical data were presented
as frequencies (percentages). Nonparametric analyses
(KruskaleWallis and ManneWhitney U post-hoc test) were
used to compare continuous variables between groups. The
chi-square test was employed to compare categorical vari-
ables. Poisson regression analyses were conducted to identify
associations between sleep scores and pain conditions.
Multinomial logistic regression analyses were used to identify
associations between pain groups and sleep traits. Restricted
cubic spline models on regression were employed to identify
associations between orofacial pain groups and sleep dura-
tion. Referring to previous literature, covariates involved in
the regression models included demographic characteristics
(age, sex, and BMI), psychosocial factors (Townsend index,
Table 1 Characteristics of the study population.

Characteristics Orofacial pain
group
(n Z 558)

Other sites
group
(n Z 76,317

Demographic characteristics
Age (years) 55 (49,62) 56 (49,62)
Male (%) 178 (31.9) 34,348 (45.
BMI (kg/m2) 25.90 (23.40,28.68) 26.30 (23.9

Sleep traits and scores
Sleep duration (hours) 7 (7,8) 7 (7,8)
Snoring (%) 191 (34.2) 27,325 (35.
Easy getting up (%) 460 (82.4) 64,311 (84.
Insomnia (%) 128 (22.9) 18,104 (23.
Daytime dozing (%) 115 (20.6) 15,729 (20.
Daytime napping (%) 224 (40.1) 30,166 (39.
Morningness chronotype (%) 341 (61.1) 48,827 (64.
Sleep scores 4 (3,4) 4 (3,4)

Psychosocial factors
Townsend index �2.52 (�4.00,-0.65) �2.40 (�3.7
Anxious status (%) 179 (32.1) 21,074 (27.
Stress events (%) 231 (41.4) 31,566 (41.

Health factors
Never smoker (%) 347 (62.2) 45,100 (59.
Never drinker (%) 11 (2.0) 2,672 (3.5)

Notes: a KruskaleWallis test was used to compare variables between
Abbreviations: BMI: Body mass index.
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anxious status, and stress events), and health factors (smok-
ing status and alcohol status).

The inverse variance weighted (IVW) MR approach was
set as the main method in the MR analysis.29 False discovery
rate (FDR) adjusted P-values were used to address multiple
correction tests. Associations with P < 0.05 and FDR <0.05
supported strong evidence of a causal relationship. Asso-
ciations with P < 0.05 but FDR >0.05 were regarded as
suggestive evidence of association. We further conducted
multivariable MR analysis to estimate the causality of sleep
traits on orofacial pain, adjusting for BMI and T2D.
Weighted linear regressions based on IVW approach was
applied to infer causal effects in the multivariable MR
analysis.
Results

Participants in pain conditions group

Among the 196,490 involved participants, 558 individuals
reported orofacial pain, 76,317 individuals reported pain in
only one site (other sites pain), 2,444 individuals reported
pain all over the body, and 117,171 individuals reported no
pain. Characteristics of participants in the pain conditions
group are shown in Table 1.

As depicted in Fig. 2(A) and (B), the pain all over the
body group had the lowest sleep scores, as evidenced by
the shortest sleep duration, the highest proportion of
snoring, hard getting up, insomnia, daytime dozing, day-
time napping, and eveningness chronotype. It is notable
pain

)

Pain all over the
body group
(n Z 2,444)

Pain-free
group
(n Z 117,171)

P-value

57 (50,62) 57 (49,62) <0.001a

0) 848 (34.7) 51,844 (44.2) <0.001b

0,29.20) 27.95 (25.00,31.60) 25.90 (23.50,28.60) <0.001a

7 (6,8) 7 (7,8) <0.001a

8) 941 (38.5) 38,983 (33.3) <0.001b

3) 1,5161 (62.0) 102,598 (87.6) <0.001b

7) 1,024 (41.9) 23,344 (19.9) <0.001b

6) 842 (34.5) 21,264 (18.1) <0.001b

5) 1,280 (52.4) 42,743 (36.5) <0.001b

0) 1,470 (60.1) 76,312 (65.1) <0.001b

3 (2,4) 4 (3,4) <0.001b

9,-0.09) �1.36 (�3.33,1.73) �2.50 (�3.83,-0.31) <0.001a

6) 1,063 (43.5) 27,949 (23.9) <0.001b

4) 1,383 (56.6) 43,740 (37.3) <0.001b

1) 1,366 (55.9) 71,757 (61.2) <0.001b

203 (8.3) 3,894 (3.3) <0.001b

groups. b Chi-square test was employed to compare variables.



Figure 2 (A) Distribution of sleep scores and sleep duration among different groups. (B) Proportion of sleep traits by different
groups.
Notes: ***P < 0.001.

Figure 3 (A) Poisson regression analysis of sleep scores and different pain conditions. (B) Multinomial logistic regression analysis
of pain condition groups and sleep traits.
Abbreviations: OR: Odds ratio; CI: Confidence interval.
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that the orofacial pain group showed insignificant differ-
ences in sleep traits and scores compared to the other
sites pain group and the pain-free group.

Association between pain and sleep

Fig. 3(A) shows the results of the Poisson regression
analysis of sleep patterns represented by sleep scores
(higher scores corresponding to a healthier sleep pattern)
and different pain conditions. After adjusting for de-
mographic characteristics, psychosocial factors, and
health factors, participants with pain all over the body
had the highest odds ratio (OR) with 95% confidence in-
terval (CI) for an unhealthy sleep pattern (OR Z 1.18, 95%
CI Z 1.16 to 1.21, P < 0.001), while the association be-
tween orofacial pain and sleep scores did not reach sta-
tistical significance. It’s notable that the 95% CI for
orofacial pain was broader than for other sites pain,
indicating the presence of heterogeneity between
different orofacial pain types.

Fig. 3(B) shows the results of multinomial logistic
regression analysis of pain condition groups and sleep
traits. After adjusting for demographic characteristics,
psychosocial factors, and health factors, different sleep
traits had significant associations (P < 0.05) with other
sites pain and pain all over the body, while the association
between sleep traits and orofacial pain did not reach
statistical significance. Similarly, the 95% CI for orofacial
pain was broader, indicating the presence of heteroge-
neity between different orofacial pain types.

Association among acute, chronic orofacial pain
and sleep traits

As mentioned above, heterogeneity was present between
different orofacial pain types, so we divided orofacial pain
into acute and chronic pain types based on pain duration.
Table 2 shows the unadjusted and adjusted results of
restricted cubic spline models on regression for the risks of
acute and chronic orofacial pain. In both the unadjusted
and adjusted models, a significant association (P < 0.05)
remains between sleep duration and the risks of chronic
orofacial pain. As illustrated in Fig. 4, the results of the
restricted cubic spline model indicated a non-linear rela-
tionship between sleep duration and chronic orofacial
pain (P Z 0.032), which was not observed between sleep
duration and acute orofacial pain.

Causal association among orofacial pain and sleep
traits

Fig. 5(A) shows the results of bidirectional MR analyses of
orofacial pain’s causal associations with sleep traits.
There was strong evidence of a causal relationship of short
sleep on TMD-related pain, and suggestive evidence of an
association of sleep duration, long sleep, and insomnia on
TMD-related pain. However, there was no causal associa-
tion found between atypical facial pain and sleep traits.

Fig. 5(B) shows the results of multivariable MR analyses
of significant sleep traits mentioned above on TMD-related
pain with adjustment for BMI and T2D. Long sleep
534



Figure 4 (A) Restricted cubic spline model of sleep duration and acute orofacial pain. (B) Restricted cubic spline model of sleep
duration and chronic orofacial pain.
Abbreviations: OR: Odds ratio; CI: Confidence interval.
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consistently showed a causal relationship (OR Z 6.77, 95%
CI Z 1.73 to 26.55, P Z 0.006, FDR Z 0.024) with TMD-
related pain. However, the causal association between
short sleep, sleep duration, and insomnia disappeared.
Discussion

This study combined an epidemiological survey and MR
analyses to explore the relationship between orofacial pain
and sleep. The epidemiological study revealed bidir-
ectionality between pain and sleep, with participants of
pain all over the body having the highest OR for an un-
healthy sleep pattern. Conversely, different sleep traits
showed significant associations with pain all over the body.
Moreover, the study indicated a non-linear relationship
between sleep duration and chronic orofacial pain. Spe-
cifically, the risk of chronic orofacial pain was higher with
�9 h of sleep; while there was no significant correlation
with the risk of acute orofacial pain. To further investigate
this association, the study conducted MR analyses and
confirmed a causality of long sleep (exposure) on TMD-
related pain (outcome), as typical chronic orofacial pain.

Combining the results of the epidemiological survey and
MR analyses, this study reveals obvious heterogeneity in the
relationship between acute and chronic orofacial pain with
sleep. This heterogeneity might explain the insignificant
results of general orofacial pain (in epidemiological survey)
and atypical orofacial pain (in MR analyses) with sleep traits
for not differentiating between acute and chronic pain.
Acute pain and chronic pain are considered as different
pain types in terms of pathogenesis, prognosis, and
regression.30 Physiological factors such as increased pe-
ripheral and central sensitivities and psychosocial factors
all contribute to the transition process from acute to
chronic pain.31 Sleep, as an indicator of physiological and
psychological activities, is thought to proceed this transi-
tion process, by increasing the production of inflammatory
535
mediators and affecting the hypothalamus-pituitary-
adrenal axis and dopaminergic signaling.32 This may ac-
count for the insignificant results of acute orofacial pain
with sleep. Graham et al. observed that pain severity was
uniquely associated with sleep quality among chronic pain
sufferers, whereas only perceived health and depressed
mood could predict sleep for participants with non-chronic
pain, which is consistent with the findings in this study.33

By examining epidemiological and causal associations,
this study found long sleep to be related to elevated risks of
orofacial pain. In an experimental study by Simonelli et al.,
sleep extension was found to increase pain tolerance in
healthy individuals who normally sleep the recommended
amount, suggesting the beneficial impact of long sleep.34

However, in the Korea National Health and Nutrition Ex-
amination Survey, Park et al. observed that long sleep
duration was positively associated with osteoarthritis in
middle-aged and older women.35 The underlying mecha-
nism may lie in inflammatory processes elevated in the
elderly. Grandner et al. reported that elevated C-reactive
protein was associated with long sleep duration in National
Health and Nutrition Examination Survey.36 Promoted in-
flammatory processes were proven to induce orofacial
pain.37 Moreover, long sleep duration could contribute to
metabolic dysfunctions,38 which may in turn promote pain
status.39

There are several strengths to this study. It conducted an
epidemiological survey with a relatively large sample size
and indicated the relationship between sleep and orofacial
pain. Additionally, this study employed MR analyses to
reduce potential bias and confirmed this association.
However, there are several limitations to the study. First,
due to the relatively low prevalence of orofacial pain in the
UKB population, the number of participants in the orofacial
pain group is smaller than in the other three groups, which
may lead to underestimated correlations. Second, the re-
sults of this study are based on the European elder popu-
lation, which has specific socioeconomic characteristics,



Figure 5 (A) Bidirectional Mendelian randomization (MR) analyses of orofacial pain’s causal associations with sleep traits. (B)
Multivariable MR analyses of sleep traits on temporomandibular joint disorders-related pain with adjustment for body mass index
and type 2 diabetes.
Abbreviations: OR: Odds ratio; CI: Confidence interval; TMD: Temporomandibular joint disorders.
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limiting the generalizability of the findings to other pop-
ulations. Future studies are still needed with a prospective
design and a more representative population.
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