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Objective: This study aims to clarify the incidence rate of temporomandibular
joint disease in patients with mental disorders.

Methods: Data extracted from the Psychiatric Genomics Consortium and
FinnGen databases employed the Mendelian Randomization (MR) method to
assess the associations of three neurodevelopmental disorders (NDDs)—
Attention-Deficit/Hyperactivity Disorder (ADHD), Autism Spectrum Disorder
(ASD), and Tourette’s Disorder (TD)—as exposure factors with
Temporomandibular Disorder (TMD). The analysis used a two-sample MR
design, employing the Inverse Variance Weighted (IVW) method to evaluate
the relationships between these disorders and Temporomandibular Disorder.
Sensitivity analysis and heterogeneity assessments were conducted. Potential
confounding factors like low birth weight, childhood obesity, and body mass
index were controlled for.

Results: The study found that ADHD significantly increased the risks for TMD
(OR = 1.2342, 95%CI (1.1448–1.3307), p < 0.00001), TMD (including avohilmo)
(OR = 1.1244, 95%CI (1.0643–1.1880), p = 0.00003), TMD-related pain (OR =
1.1590, 95%CI (1.0964–1.2252), p < 0.00001), and TMD-related muscular pain
associated with fibromyalgia (OR = 1.1815, 95%CI (1.1133–1.2538), p < 0.00001),
while other disorders did not show significant causal relationships.

Conclusion: This study reveals the elevated risk of various TMD aspects due to
ADHD. Furthermore, we discuss the link between low vitamin D levels ADHD and
TMD. Future research should address these limitations and delve further into the
complex interactions between ADHD, ASD, TD, and TMD.
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1 Introduction

Temporomandibular Disorder (TMD) is a complex clinical
condition characterized by a diverse range of symptoms,
including restricted lower jaw movement, muscle pain,
discomfort in the temporomandibular joint, joint sounds,
systemic myofascial pain, and irregularities and limitations in jaw
movement (Durham et al., 2015). In the healthcare sector, the
application of TMD has seen disproportionate growth, making it
a primary factor in non-dental facial and oral pain (Slade et al., 2013;
Lövgren et al., 2015; Slade et al., 2016).

The etiology of TMD involves various factors, encompassing
biology, environment, social, emotional, and cognitive elements, all
interacting with each other (Chisnoiu et al., 2015; Svensson and
Kumar, 2016; Fillingim et al., 2018; Shrivastava et al., 2021). For
nearly all TMD patients, conservative treatments are the preferred
approach. This includes behavior correction, physical therapy,
pharmacological intervention, and the use of jaw appliances
aimed at alleviating muscle tension, adjusting jaw position, and
reducing joint burden (Durham et al., 2015; Wieckiewicz
et al., 2015).

TMD can not only lead to a decrease in work efficiency but may
also trigger issues related to the psychological wellbeing of patients,
imposing a burden on individuals and causing a certain impact on
the overall socio-economic landscape (Cao et al., 2020).
Additionally, TMD patients often require multidisciplinary
medical services, involving oral health professionals, neurologists,
and others, presenting challenges in the rational utilization of
healthcare resources.

Neurodevelopmental disorders (NDDs) have an exceptionally
high prevalence in the population, and the incidence of this category
of disorders is on the rise. As of 2016, there is approximately one case
of NDDs for every six children in the United States (Zablotsky et al.,
2019). Among them, Attention-Deficit/Hyperactivity Disorder
(ADHD) stands out as one of the most common
neurodevelopmental disorders during childhood, characterized by
symptoms such as difficulty concentrating and impulsive behavior
(American Psychiatric Association, 2013; Faraone et al., 2015;
Agnew-Blais et al., 2016; Thapar and Cooper, 2016). On the
other hand, Autism Spectrum Disorder (ASD) manifests with
challenges in social communication, restricted interests, and
repetitive behaviors (American Psychiatric Association, 2013). In
contrast, Tourette’s Disorder (TD) is identified by persistent vocal
and motor tics lasting for over a year (Groth et al., 2017; Robertson
et al., 2017). Treatment approaches encompass various methods,
including pharmacological intervention and physical support (Díaz-
Caneja et al., 2021; Ribas et al., 2023).

The etiology of NDDs involves a complex interplay of genetic,
environmental, prenatal, and perinatal factors (Han et al., 2021; Doi
et al., 2022). Furthermore, NDDs are associated with numerous
other diseases. It is noteworthy that individuals with NDDs have
relatively limited access to medical resources, underscoring the need
for measures to promote the health, development, and future
wellbeing of this patient population.

Research suggests a higher prevalence of TMD in individuals
with ADHD, and there is a positive correlation between symptoms
of ADHD in adults and TMD (Stelcer et al., 2022). Recent studies
also indicate a significant genetic risk overlap among ADHD, ASD,

and TD (Agnew-Blais et al., 2016), raising reasonable suspicions of
their association with TMD, including TMD-related pain and TMD
muscular pain linked with fibromyalgia. However, existing research
is susceptible to bias in understanding the relationships between
ADHD, ASD, TD, and various aspects of TMD. Currently, no
formal studies have assessed the causal relationships between
these conditions.

This study aims to use Mendelian randomization methods,
conducting a bidirectional analysis using data from the
Psychiatric Genomics Consortium (PGC) and the FinnGen
database. The objective is to gain a deeper understanding of the
complex interactions between NDDs and TMD-related diseases,
providing a new perspective for intervening in these conditions.

2 Methods

2.1 Data sources

In this two-sample Mendelian randomization study, we utilized
publicly available databases to investigate three NDDs as exposure
factors and their associations with TMD. Ethical approvals were
obtained for the original studies conducted.

Genetic association data for ADHD (Demontis et al., 2023), ASD
(Grove et al., 2019), and TD (Yu et al., 2019) were sourced from the
Psychiatric Genomics Consortium (PGC) database. The study
encompassed 38,691 ADHD patients and 186,843 controls,
18,381 ASD patients and 27,969 controls, and 4,819 TS patients and
9,488 controls, all of European descent (Table 1). Diagnosis criteria
followed ICD-10 for ADHD and ASD, and DSM-5 criteria for TS. We
employed a threshold of P < 5e-06 to screen SNPs associated with
NDDs. Secondly, to mitigate the impact of weak instrumental variables
on statistical results, we calculated the F-value for each SNP (F = beta2

se2 )
(Yao et al., 2023) and excluded weak instrumental variables with an
F-value below 10 to avoid statistical bias. Additionally, we removed
symmetrical SNPs with linkage disequilibrium effects (LD r2 < 0.001,
clumping distance > 10,000 kb), and purging of palindromic SNPs with
allele frequencies approaching 0.5. In the end, we included 194 SNPs as
instrumental variables (IVs) for our study (The detail of IVs in
Supplementary Table).

Data on TMD, including various aspects, were extracted from the
FinnGen dataset (Kurki et al., 2023), specifically the R9 version released
on 11 May 2023. Diagnosis criteria followed ICD-10 for TMD, TMD
muscular pain linked with fibromyalgia, and TMD related pain. We
applied the same selection criteria as for NDDs instrumental variables,
included 48 SNPs as IVs for our study (The detail of IVs in
Supplementary Table). Perusterveyden-huollon avohoidon
hoitoilmoitus (Avohilmo) is a component of the Social and
Healthcare Treatment Notification System (Hilmo). Avohilmo data
is instrumental for decision-making, planning, and research purposes
(Kurki et al., 2023). Avohilmo reports furnish the latest information on
public utilization of services, care status, health issues, and the spread of
epidemics in the population, as well as health promotion services,
division of responsibilities, and management practices. To bolster the
persuasiveness of our research results, we have incorporated data from
two TMD cohorts.

Notably, low birth weight has been correlated with ADHD
(Momany et al., 2018). The rising prevalence of childhood
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obesity presents a significant public health concern, characterized by
a complex relationship with adult mental health (He et al., 2023).
Additionally, research has revealed a connection between body mass
index (BMI) and TMD (Wang et al., 2023).

In this study, we considered birth height (van der Valk et al.,
2015), birth weight (Warrington et al., 2019), and BMI (Copenhaver
et al., 2020) as potential confounding factors. To minimize their
impact on outcomes, we excluded SNPs overlapping with
confounding factors in the IVs related to NDDs and TMD (SNPs
with P < 5e-08), to avoid the impact of horizontal pleiotropy.
Information on birth height, birth weight, and children’s BMI
was sourced from The Early Growth Genetics (EGG) Consortium.

2.2 Statistical analysis

The objective of this study was to investigate the bidirectional
relationships between ADHD, ASD, TD, and various facets of TMD,
encompassing TMD (including avohilmo), TMD-related pain, and
TMD muscular pain linked with fibromyalgia. The two-sample
Mendelian randomization (MR) design relied on three fundamental
assumptions: 1) the strength of association between IVs and the
exposures. 2) the absence of any relationship between IVs and
unmeasured confounding factors linking exposures and outcomes. 3)

IVs exerted their influence solely through the exposures. A rigorous
selection process for IVs (with a threshold of P < 5e-06) was employed
to minimize any weak correlation between potential confounders and
genetic variations (Davey Smith and Hemani, 2014) (Figure 1).

Within this MR study, the primary statistical measure utilized
was the inverse variance-weighted (IVW) method, assessing the
associations between the three neurodevelopmental disorders and
temporomandibular disorders. Additionally, MR-Egger, weighted
median, and weighted model approaches were applied.

Sensitivity analysis played a crucial role in detecting potential
pleiotropy. Heterogeneity was assessed using the Cochrane Q test,
while horizontal pleiotropy was examined via the MR-Egger
intercept. Furthermore, leave-one-out analysis was conducted to
determine if individual SNPs introduced bias in MR results. In cases
of heterogeneity, the primary statistical measure was the random-
effects IVW, and in the absence of heterogeneity, the fixed-effects
IVW was employed. Multiple testing was addressed through
Bonferroni correction, with significance defined as a
p-value <0.0042 (0.05/12), accounting for three or four exposures
and three or four outcomes. p-values between 0.0042 and 0.05 were
considered suggestive, while p-values exceeding 0.05 were regarded
as non-significant. All statistical analyses were executed using the
TwoSampleMR and MVMR packages in R version 4.2.2. Statistical
results were presented as odds ratios and 95% confidence intervals.

TABLE 1 Detailed information of the datasets used for Mendelian randomization analyses.

Traits Year Authors Population Consortium Sample size Number of SNPs

ADHD 2023 Havdahl et al European PGC 225,534 6774224

ASD 2019 Grove et al European PGC 43,350 9,112,386

TS 2019 Yu et al. European PGC 14,307 8,265,318

Temporomandibular joint disorders 2023 Kurki et al. European Finngen 5,668 20162505

Temporomandibular joint disorders, including avohilmo 2023 Kurki et al. European Finngen 13,282 20170236

TMD related pain 2023 Kurki et al. European Finngen 10,303 20170236

TMD muscular pain linked with fibromyalgia 2023 Kurki et al. European Finngen 8,995 20170236

FIGURE 1
The study framework chart.
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3 Results

3.1 ADHD, ASD, TD, and the causality with
TMD, TMD (including avohilmo), TMD
related pain, and TMD muscular pain linked
with fibromyalgia

The findings of this study, which explored the causal
associations between ADHD, ASD, TD, and various aspects of
TMD, including TMD (including avohilmo), TMD-related pain,
and TMD muscular pain linked with fibromyalgia, are as follows:

After the careful screening for p-values and LD clumping, we
employed 138, 34, and 22 LD-independent SNPs as IVs for ADHD,
ASD, and TD, respectively. After the exclusion of SNPs not present
in the outcome variables, the two-sample Mendelian randomization
analysis unveiled a significant association between ADHD and TMD

(OR = 1.2342, 95%CI (1.1448–1.3307), p < 0.00001), TMD
(including avohilmo) (OR = 1.1244, 95%CI (1.0643–1.1880), p =
0.00003), TMD-related pain (OR = 1.1590, 95%CI (1.0964–1.2252),
p < 0.00001), and TMD muscular pain linked with fibromyalgia
(OR = 1.1815, 95%CI (1.1133–1.2538), p < 0.00001). Importantly,
even after applying Bonferroni correction (p < 0.004), all four results
retained their significance. Thus, it was confirmed that ADHD is a
risk factor for TMD, TMD (including avohilmo), TMD-related pain,
and TMD muscular pain linked with fibromyalgia.

However, there was no significant relationship between TD and
TMD muscular pain linked with fibromyalgia (OR = 1.0537, 95%CI
(1.0097–1.0995), p = 0.0162) following Bonferroni correction (p <
0.004) (Figure 2). Additional details, including results from the
Cochran Q test, are available in the Supplementary Materials. The
presence of heterogeneity was assessed through MR-Egger and IVW
tests, with the corresponding information depicted in a funnel plot.

FIGURE 2
The forest map for Causal Relationship Between ADHD, TS and ASD and TMD.
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Significantly, no compelling evidence of pleiotropy was detected in
the MR-Egger intercept.

3.2 The causal relationship between TMD,
TMD (including avohilmo), TMD related pain,
and TMD muscular pain linked with
fibromyalgia and ADHD, ASD, and TD

For evaluating the causal links between TMD, TMD (including
avohilmo), TMD related pain, and TMD muscular pain linked with
fibromyalgia and ADHD, ASD, and TD, our study employed 16, 5,
15, and 12 SNPs as IVs for TMD, TMD (including avohilmo), TMD
related pain, and TMD muscular pain linked with fibromyalgia,
respectively. This selection was made following rigorous p-value
screening and LD clumping. After the removal of SNPs not present
in the outcome variables and those displaying F-statistics lower than

10, the two-sample Mendelian randomization analysis did not
demonstrate significant associations (Figure 3). Detailed
outcomes of heterogeneity and pleiotropy tests can be found in
the Supplementary Materials.

4 Discussion

To the best of our knowledge, we are the first to comprehensively
investigate the intricate relationship between NDDs and TMD based
on genetic information. Employing a bidirectional MR approach, we
explored the complex associations between three NDDs (ADHD,
ASD, and TD) and diseases related to TMD across multiple levels,
involving TMD, TMD-related pain, and TMDmuscular pain linked
with fibromyalgia.

The results of MR analysis revealed a striking discovery: after
excluding traditional risk factors and carefully controlling for

FIGURE 3
The forest map for Causal Relationship Between TMD and ADHD, TS and ASD.
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heterogeneity effects, ADHD significantly increased the risk of
TMD, TMD-related pain, and TMD muscular pain linked with
fibromyalgia. It is worth noting that reverse MR analysis did not
reveal any significant causal relationships. No significant causal
relationships were observed between ASD, TD, and TMD.

Currently, the diagnostic criteria for TMD, known as DC/TMD,
use a two-axis approach. Axis I encompasses the clinical diagnosis of
TMD, while Axis II involves psychological distress and psychosocial
functional impairment (Schiffman et al., 2014). This clearly indicates
a close connection between psychological and behavioral disorders
and TMD (Fillingim et al., 2013; Salinas Fredricson et al., 2022).
Studies reveal that anxiety, depression, and ADHD are commonly
associated with TMD, sharing certain neurochemical dysregulations
and central nervous system changes, such as alterations in the
serotonin system and reactivity of the hypothalamic-pituitary-
adrenal axis (Jo et al., 2016; Llorens et al., 2022; Jue et al., 2023;
Kim et al., 2023). This underscores the intricate relationship between
ADHD and TMD.

Ângelo’s research reveals that among TMD patients, 42.88%
concurrently suffer from other chronic diseases, with the majority
being mental, behavioral, or NDDs (33.76%) (Ângelo et al., 2023).
Stelcer’s research indicates that compared to healthy individuals,
ADHD patients experience more issues related to muscle tension,
TMD, and various physical manifestations (Stelcer et al., 2022).
Simultaneously, Mota’s research highlights complex direct and
indirect influences among adverse oral habits, sleep bruxism, and
ADHD symptoms in school-aged children (Mota-Veloso et al.,
2017). Oral functional habits are considered robust predictors for
the occurrence of TMD (Ohrbach et al., 2013). In summary, there
may be a mutual association between TMD and ADHD. These
viewpoints align with the findings of our study.

Winocur’s research dismisses a definite connection between
ASD and TMD, asserting that the prevalence of TMD-related
pain is low in ASD patients. However, due to the complexity of
pain assessment in ASD patients, further research is needed to
validate this perspective (Winocur-Arias et al., 2023). This research
conclusion aligns with ours, as no causal relationship was found
between ASD and TMD.

Ella’s research suggests that Tourette Syndrome (TS) may
have profound effects on the oral cavity. They hypothesize that
the oro-facial tics and compulsive behaviors observed in
individuals with TD, including teeth grinding, tongue
movements, jaw activities, and lip biting, may lead to
destructive oral damage (Ella et al., 2017). As of now, no
studies have been found regarding the correlation between TD
and TMD. Our research findings, from a genetic perspective,
negate the association between TS and TMD, providing a
valuable supplement to existing studies.

Vitamin D Deficiency is associated with various developmental
disorders, with a particular study noting that individuals with TMD
often have lower serum vitamin D levels (Ferrillo et al., 2022). Based
on these studies, we hypothesized that vitamin D might play a
mediating role between ADHD and TMD. However, our two-step
mediation analysis did not yield positive results. Our research
indicates that despite the complex relationships among ADHD,
TMD, and vitamin D, vitamin D does not have an effect on
increasing the risk of TMD in individuals with ADHD (Detailed
results in the Supplementary Table).

To the best of our knowledge, we are the first to delve into the
relationship between NDDs and TMD from a genetic perspective.
The research findings reveal a significant association between
ADHD and diseases related to TMD, providing a novel
perspective on our understanding of the connection between
NDDs and TMD. This discovery holds potential guidance for
clinical practice and the formulation of treatment plans. The
detailed analysis offers clues to the potential biological
mechanisms among related diseases, paving the way for future
in-depth investigations.

The scope of this study is subject to several limitations.
Firstly, we did not explore the stratified effects of age, health
status, or gender differences. Additionally, excluding SNPs
related to known confounding factors may not fully address
unknown confounding factors influencing the association
between ADHD and TMD. Finally, our study only included
research participants of European descent, and considering
that disease patterns may exhibit lineage-related variations,
the lack of broader applicability to different populations is
acknowledged. Future research can target diverse populations,
delving into the impact of age, gender, and health status on the
relationship between NDDs and TMD. For the ADHD-TMD
relationship we discovered, future research could delve into the
underlying genetic mechanisms.

Based on the research findings, early screening and intervention
measures should be established to alleviate symptoms and improve
the quality of life for patients. This includes regular oral
examinations and behavioral assessments for school-aged
children. Implementing public health education programs to raise
awareness of NDDs and TMD is crucial. This helps reduce societal
misconceptions about these diseases, promoting early detection and
treatment. Simultaneously, advancing interdisciplinary teamwork
involving neurologists, dentists, and psychologists can better address
the comprehensive needs of patients.

5 Conclusion

This study reveals the elevated risk of various TMD aspects due
to ADHD. Furthermore, we discuss the link between low vitamin D
levels, ADHD and TMD. Future research should address these
limitations and delve further into the complex interactions
between ADHD, ASD, TD, and TMD.
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