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Abstract

:

Background: The purpose of the present research was to identify nutrients related to sleep bruxism and to establish a hypothesis regarding the relationship between sleep bruxism and nutrients. Methods: We recruited 143 Japanese university students in 2021 and assigned them to sleep bruxism (n = 58) and non-sleep bruxism groups (n = 85), using an identical single-channel wearable electromyography device. To investigate nutrient intakes, participants answered a food frequency questionnaire based on food groups. We assessed differences in nutrient intakes between the sleep bruxism and non-sleep bruxism groups. Results: Logistic regression modeling showed that sleep bruxism tended to be associated with dietary fiber (odds ratio, 0.91; 95% confidence interval, 0.83–1.00; p = 0.059). In addition, a subgroup analysis selecting students in the top and bottom quartiles of dietary fiber intake showed that students with sleep bruxism had a significantly lower dietary fiber intake (10.4 ± 4.6 g) than those without sleep bruxism (13.4 ± 6.1 g; p = 0.022). Conclusion: The present research showed that dietary fiber intake may be related to sleep bruxism. Therefore, we hypothesized that dietary fiber would improve sleep bruxism in young adults.
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1. Introduction


Sleep bruxism (SB) is defined by the American Academy of Sleep Medicine as “repetitive jaw muscle activity characterized by the clenching or grinding of teeth or bracing or thrusting of the mandible”. SB causes considerable bite force, with a reported mean of 42.3 kgf (range, 15.6–81.2 kgf) in Japanese young adults [1]. The force generated during SB can harm the masticatory system, particularly the teeth, periodontium, and articulations of the mandible with the skull (temporomandibular joint disorder) [2]. Since no definitive therapy has been established, clarification of the pathophysiology of SB is important.



The etiology of SB is related to the activities of the central and autonomic nervous systems during sleep. The sleep cycle is composed of non-rapid eye movement (NREM) sleep (stages 1–4 in Rechtschaffen and Kales criteria, also known as stages N1–N3 in 2007 AASM scoring manual) and rapid eye movement (REM) sleep. The natural sleep cycle starts with the deepening of NREM sleep (stages 1 and 2; stages N1 and N2), reaches deep NREM (stages 3 and 4; stage N3), then shifts toward light NREM and REM sleep [3]. SB is followed by micro-arousal, representing the temporary activity of central and sympathetic nerves [4]. SB and micro-arousal are highest during NREM stages 1 and 2 [5,6]. Slow-wave sleep (SWS), an index of deep sleep, decreases following SB onset [5]. A shift in the sympathovagal balance towards increased sympathetic activity starts from around 8 min before SB onset [5]. This suggests that SB is related with low sleep quality [7]. In addition, a previous study showed that SB was associated with certain SNPs, sleep disordered breathing, and other factors such as sexomnia [8,9,10,11].



Nutrients play an important role in the regulation of sleep wellness [12]. For example, foods and meals that contain sufficient protein, carbohydrates, and fats are essential for maintaining the quality of sleep [13]. The amino acid tryptophan, the precursor of melatonin, has a positive effect on sleep [14]. Carbohydrate-containing meals with a low glycemic index, low glycemic load, and high fiber content can improve sleep quality [15]. Caffeine causes a decrease in total amount and quality of sleep, and delays sleep induction [16]. Carbohydrates, lipids, amino acids, and vitamins are related to sleep disorders [17]. In this way, a growing body of evidence demonstrates that nutrition can significantly influence sleep. However, whether nutrients can influence SB remains unclear. Since the relationship between nutrients and sleep is complicated [17], nutrients related to SB need to be identified, before performing confirmatory (evidential) research. The purpose of the present exploratory research was to identify nutrients related to SB and to establish a hypothesis regarding the relationship between SB and nutrients.




2. Materials and Methods


2.1. Study Population


The present cross-sectional study recruited students belonging to Okayama University or the Department of Food and Nutrition at Notre Dame Seishin University from April 2021 to August 2022. Students who underwent an oral examination and completed self-reported questionnaires were included. Those who declined to participate or who reported reflux esophagitis or regularly taking selective serotonin reuptake inhibitors were excluded [18,19]. We estimated that the minimum sample size required 57 students in the SB group and 75 students in the non-sleep bruxism (NSB) group, based on α = 0.05, power (1 − β) = 0.8, effect size = 0.5, and allocation ratio (SB group/NSB group) = 0.75 for the two-tailed t test.




2.2. Ethical Procedures and Informed Consent


The present study was approved by the ethics committees of Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University Hospital (approval no. 2104-017), as well as the Ethics Committee of Notre Dame Seishin University, and was conducted in accordance with the principles of the Declaration of Helsinki. All participants provided written informed consent to participate in the study. The study was conducted and reported in accordance with STROBE (strengthening the reporting of observational studies in epidemiology) guidelines.




2.3. Assessment of Risk Factors for SB and of Subjective Sleep Quality


We investigated sex, age, underlying systemic diseases, medicines being taken regularly, and smoking status using self-reported questionnaires (Supplementary File S1). For the assessment of subjective sleep quality, we used the Japanese version of the Pittsburg sleep quality index (PSQI-J) [20]. The questionnaires were answered using Google Form or printed out and filled in by respondents.




2.4. Screening of the SB and NSB Groups


Figure 1 shows the protocol for assignment to the SB and the NSB groups. Students underwent oral examination and completed self-reported questionnaires. Seven dentists, who were calibrated before the oral examinations (kappa value >0.8), clinically checked for abnormal tooth wear with exposed dentin at the canine or first or second premolars. In addition, we asked the following three questions to screen for SB [21]:



During the past 3 months,




	
Q1: Has anyone heard you grinding your teeth while you sleep at night? (yes/no);



	
Q2: How often does your jaw feel fatigued or sore on waking in the morning? (frequently/sometimes/rarely/never);



	
Q3: How often do you experience headache in the temples on waking in the morning? (frequently/sometimes/rarely/never).








Students who did not show abnormal tooth wear in the oral examination and answered “no” or “never” to each of Q1–3 were assigned to the NSB group, since these questions are highly specific [22]. In addition, students who answered “yes” to Q1 were assessed for SB using an identical single-channel wearable electromyography (EMG) device (EMG Logger; GC Co., Tokyo, Japan).




2.5. Diagnosis of SB


After recording myoelectrical data from the masticatory muscles, we analyzed the results using W-EMG Viewer (GC Co.). We identified peak bite forces over 10% of the maximal voluntary contraction (MVC) and under 300% MVC as burst waves. Episodes were then decided as follows [23]:




	
Phasic episode: burst occurred ≥3 times, and each burst continued ≥0.25 s but <2 s.



	
Tonic episode: a burst continued ≥2 s.



	
Mixed episode: both phasic and tonic episodes were measured.








We then assessed whether the results met any of the following diagnostic criteria [23]:




	
Total number of episodes (phasic, tonic and mixed) >30 times/night.



	
Number of episodes (phasic, tonic or mixed) >4 episodes/h.



	
Number of bursts >6 bursts/episode.



	
Number of bursts >25 bursts/h.








Students who met the diagnostic criteria were assigned to the SB group, and those who did not meet these criteria were assigned to the NSB group.




2.6. Assessment of Nutrients


To assess nutrient intake, we used the food frequency questionnaire based on food groups (FFQg) version 6 (Kenpakusha Co., Tokyo, Japan) and Excel Eiyo-kun version 9 (Kenpakusha Co.). This general assessment tool for nutrient intake in Japan has shown high reproducibility and reasonable validity [24]. Participants recorded the frequency of intake of 30 food groups and 10 types of cooking in the past month. To allow participants to better gauge food intake, we used food samples to reduce errors (Basic 90 Food model for nutrition guidance; IWASAKI Co., Osaka, Japan).



We calculated nutrient intake based on dietary reference intakes for Japanese (2020) [25]. Nutrients investigated included water (g), cholesterol (mg), monounsaturated fatty acids (g), polyunsaturated fatty acids (g), energy (kcal), protein (g), lipids (g), saturated fatty acids (g), n-3 fatty acids (g), n-6 fatty acids (g), carbohydrate (g), dietary fiber (g), vitamin A (μg), vitamin D (μg), vitamin E (mg), vitamin K (μg), vitamin B1 (mg), vitamin B2 (mg), niacin (mg), vitamin B6 (mg), vitamin B12 (μg), folic acid (μg), pantothenic acid (mg), biotin (μg), vitamin C (mg), sodium (g), potassium (mg), calcium (mg), magnesium (mg), phosphorus (mg), iron (mg), zinc (mg), copper (mg), manganese (mg), iodine (μg), selenium (μg), chromium (μg), and molybdenum (μg). In addition, alcohol (g) and caffeine (mg) intakes were investigated, as suggested risk factors for SB [19]. Body mass index (kg/m2) was calculated based on self-reported height and weight data from the FFQg.




2.7. Statistical Analysis


We used SPSS version 26 (IBM, Tokyo, Japan) for statistical analyses. Values of p < 0.05 were considered to indicate significant associations. The chi-squared test or Welch’s t test was used to investigate significant differences between the SB and NSB groups.



To identify nutrients related with SB, odds ratios and 95% confidence intervals (CIs) were calculated using a backward stepwise logistic regression model. Variables showing values of p < 0.2 on the chi-squared test or Welch’s t test were selected for inclusion in the model. Model fit was assessed using the Hosmer–Lemeshow test.



As a subgroup analysis, we selected students showing intakes in the top and bottom quartiles of nutrients appearing related to SB. Differences in nutrient intakes were compared between students with and without SB.





3. Results


Figure 2 shows a flowchart for the process of assignment to the SB and NSB groups (Figure 2). A total of 3298 students underwent oral examination and completed the questionnaires. We then assigned 118 students to the possible SB group and 122 students to the non-possible SB group after screening based on the process in Figure 1. After excluding students who refused to participate in the present study or were unable to contact us, we clarified the status of 143 participants (71 and 72 students as possible SB and NSB groups, respectively). Thirteen students did not exhibit SB according to EMG and were reassigned to the NSB group. Finally, we enrolled 58 students in the SB group and 85 students in the NSB group.



Differences in sex, age, systemic disease, medicines being taken regularly, smoking status, and nutrient status between the SB and NSB groups are shown in Table 1. Ten items (sex, age, height, weight, alcohol, dietary fiber, folic acid, vitamin C, sodium, and chromium) showed values of p < 0.2.



Table 2 shows the results of the logistic regression analysis. The final model included sex, age, and dietary fiber. Age appeared possibly related with SB (odds ratio, 1.32; p = 0.005; 95%CI, 1.08–1.60), but sex (odds ratio, 2.11 (ref. female); p = 0.058, 95%CI, 0.97–4.58) and dietary fiber (odds ratio, 0.91; p = 0.059; 95%CI, 0.83–1.00) were not. The model fit parameter was good (Hosmer–Lemeshow test, p = 0.603).



The upper and lower quartiles of dietary fiber intake were ≥13.2 g and ≤8.7 g. We selected 74 students (36 students from the SB group and 38 students from the NSB group). A subgroup analysis showed that students with SB took significantly less dietary fiber than those without SB (SB group, 10.4 ± 4.6 g; NSB group, 13.4 ± 6.1 g; p = 0.022).




4. Discussion


To the best our knowledge, the present study represents the first exploratory research to suggest an association between SB and nutrients. Sex, age, height, weight, alcohol, dietary fiber, folic acid, vitamin C, sodium, and chromium all tended to be associated with SB (p < 0.2). Logistic modeling showed that SB was significantly associated with age (odds ratio, 1.32; p = 0.005; 95%CI, 1.09–1.60) and tended to be associated with sex (odds ratio, 2.11 (ref. female); p = 0.058, 95%CI, 0.97–4.58) and dietary fiber (odds ratio, 0.91; p = 0.059; 95%CI, 0.83–1.00). The subgroup analysis showed that students with SB had a lower intake of dietary fiber than those without SB (SB group, 10.4 ± 4.6 g; NSB group, 13.4 ± 6.1 g; p = 0.022). Intake of dietary fiber might thus influence SB.



According to the National Health and Nutrition Survey Japan 2018, the median intake of dietary fiber among 20- to 29-year-olds was 11.3 g in males and 10.7 g in females. In the present study, students with SB showed a lower intake of dietary fiber (medians: males, 9.9 g; females, 9.8 g) than students with no SB (medians: male, 11.7 g; female, 10.8 g). This trend was clearer in the subgroup analysis (SB group, 10.4 ± 4.6 g; NSB group, 13.4 ± 6.1 g; p = 0.022). Our result suggests that a lower intake of dietary fiber is related to SB. SB occurs after micro-arousal during NREM stages 1 and 2 [5,6]. St-Onge et al. reported that higher intake of dietary fiber predicted less stage 1 and more SWS, indicating NREM stage 3 and 4 [26]. More dietary fiber might decrease SB via the promotion of deep sleep.



Dietary fiber may improve sleep disorders from the perspective of the brain–gut axis or brain–gut–microbiota axis [27]. Dietary fiber can be divided into soluble and insoluble types. The metabolism of soluble dietary fiber in the colon increases the type and quantity of probiotics and their representative metabolites (e.g., short-chain fatty acids (SCFAs)) [28]. SCFAs are mainly produced by Bifidobacterium, Lactobacillus, Rosetella, Bacteroidetes, and Firmicutes spp. [27]. SCFAs promote the secretion of serotonin (5-hydroxytryptamine) from the enterochromaffin cells, increasing the level of sleep aids in the body [27]. Insoluble dietary fiber then increases the abundance of Bifidobacteriales and Lactobacillales spp. [29]. This suggests that insoluble dietary fiber indirectly increases the amount of SCFA. Dietary fiber might therefore deepen sleep stage and thus improve SB. We further analyzed the relationships between SB and soluble dietary fiber (odds ratio, 0.663; p = 0.063; 95%CI, 0.430–1.023) and between SB and insoluble dietary fiber (odds ratio, 0.869; p = 0.046; 95%CI, 0.757–0.997). These results support the notion that both soluble and insoluble dietary fibers have the potential to decrease SB. Wang et al. reported on the microbiota–gut–brain axis in sleep disorders and suggested that manipulating gut microbiota might represent a promising avenue for the development of novel interventions for sleep disorders [30]. The intake of dietary fiber might thus influence SB through the brain–gut–microbiota axis.



Age may be a risk factor for SB in Japanese young adults. Kato et al. indicated that self-reported SB correlates with age [31]. The prevalence of self-reported SB in Japan is 8.2% among those 18–29 years of age, 11.5% among those 30–39 years of age, 10.5% among those 40–49 years of age, 50–59% years old, and 4.6% among those >60 years of age. This result showed the possibility that the prevalence of SB increases until 40–49 years of age. Strausz et al. conducted a follow-up of young Finns (initially aged 14 years) over a 9-year period and found that self-reported SB increased from 13.7% at baseline to 21.7% at follow-up [32]. Wetselaar et al. reported that the odds of having SB among Dutch adolescents was 2.3-times higher at 23 years old than at 17 years old [33]. These studies suggest that the prevalence of SB increases as young adults age. As the present study included participants at 18–32 years old, our results suggested age as a risk factor for SB in Japanese young adults.



Whether sex is related to SB remains unclear. In the present study, students reporting SB that had been pointed out by family members was more common among females (10.3%) than males (7.5%; p = 0.004, data not shown). Wetselaar et al. reported that females showed a higher prevalence of SB than males [33,34]. Pontes and Prietsch [35] reported that Brazilian females over 18 years of age tended to show a higher odds ratio for SB than males (odds ratio, 1.17; p = 0.378; 95%CI, 0.81–1.68). However, Cavallo et al. [36] found no sex difference for SB among Italian university students. Smardz et al. [37] reported that males exhibited more severe SB than females. Macek et al. [38] reported male sex as an independent risk factor for phasic SB. Guo et al. [39] reported male sex as a risk factor for SB among children 0–12 years of age. Wetselaar et al., Pontes and Prietsch, and Cavallo et al. assessed SB using questionnaires, while Smardz et al. and Macek et al. diagnosed SB using polysomnography (PSG). The gold standard for diagnosing SB is PSG [23]. Such variabilities might have been caused by differences in the determination of SB (questionnaire vs. PSG) and subject age.



The key strength of the present study was that we used electromyography to diagnose SB. Some studies have used questionnaires based on the International Classification of Sleep Disorders—Third Edition (ICSD-3) to investigation SB [40,41,42]. However, using questionnaires alone to diagnose SB is insufficient, because the concordance between the ICSD-3 and PSG diagnostic criteria is only moderate, with an area under the curve of 0.55–0.75 [43]. Conversely, EMG devices show a high level of concordance with PSG (sensitivity, 0.720–1; specificity, 0.916–1) [44], suggesting that EMG devices may allow diagnosis of SB at a similar level to PSG.



Some limitations need to be kept in mind when interpreting our results. First, some selection bias might have been present. All participants belonging to the Department of Food and Nutrition at Notre Dame Seishin University were female, which might have affected the present findings. The intake of nutrients did not differ significantly between females from Okayama University and Notre Dame Seishin University except for alcohol, vitamin K, and iodine (data not shown). Second, we did not investigate single nucleotide polymorphisms (SNPs) related to SB. Some SNPs (rs2736100, SNP rs6313, rs2770304, rs4941573, and rs2770304) have been reported as risk factors for SB [38,45]. Third, since participants who belonged to the NSB group did not undergo electromyographic observation for SB, we did not compare differences in the numbers of episodes and bursts. Forth, all variables included in the logistic regression model (p < 0.2) were within the standard deviation. It is necessary to pay attention to interpreting the association between sleep bruxism and nutrients. It is unclear whether small differences in nutrition intake influence sleep bruxism. The effect of nutrients needs to be verified in an interventional trial.



In conclusion, dietary fiber intake appeared to be associated with SB. We hypothesized that increasing dietary fiber intake would improve SB in young adults. To clarify the effect of dietary fiber intake on SB, an interventional trial needs to be performed as confirmatory (evidential) research.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm12072623/s1, Supplementary File S1: Questionnaire.





Author Contributions


Conceptualization, N.T., D.E., M.Y., M.K., T.N. and M.M.; methodology, N.T., D.E., M.Y., M.K. and T.N.; software, N.T., M.Y. and M.K.; formal analysis, N.T.; investigation, N.T., D.E., N.S., D.F., M.Y. and M.K.; resources, N.T., M.Y. and M.K.; data curation, N.T.; writing—original draft preparation, N.T.; writing—review and editing, D.E., N.S., D.F., M.Y., M.K., T.N. and M.M.; project administration, T.N. and M.M.; funding acquisition, N.T. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by JSPS KAKENHI Grant Number JP 20K18805.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the ethics committees of Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University Hospital (approval no. 2104-017; date 28 February 2023) and the Ethics Committee of Notre Dame Seishin University.




Informed Consent Statement


The present study was approved by the ethics committees of Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University Hospital (approval no. 2104-017) and the Ethics Committee of Notre Dame Seishin University.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available, due to ethical issues.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Nishigawa, K.; Bando, E.; Nakano, M. Quantitative Study of Bite Force during Sleep Associated Bruxism. J. Oral Rehabil. 2001, 28, 485–491. [Google Scholar] [CrossRef]

	



Murali, R.V.; Rangarajan, P.; Mounissamy, A. Bruxism: Conceptual Discussion and Review. J. Pharm. Bioallied Sci. 2015, 7, S265–S270. [Google Scholar] [CrossRef] [PubMed]

	



Institute of Medicine (US) Committee on Sleep Medicine and Research. Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem; Colten, H.R., Altevogt, B.M., Eds.; The National Academies Collection: Reports funded by National Institutes of Health; National Academies Press (US): Washington, DC, USA, 2006; ISBN 978-0-309-10111-0.

	



Kato, T.; Rompré, P.; Montplaisir, J.Y.; Sessle, B.J.; Lavigne, G.J. Sleep Bruxism: An Oromotor Activity Secondary to Micro-Arousal. J. Dent. Res. 2001, 80, 1940–1944. [Google Scholar] [CrossRef] [PubMed]

	



Huynh, N.; Kato, T.; Rompré, P.H.; Okura, K.; Saber, M.; Lanfranchi, P.A.; Montplaisir, J.Y.; Lavigne, G.J. Sleep Bruxism Is Associated to Micro-Arousals and an Increase in Cardiac Sympathetic Activity. J. Sleep Res. 2006, 15, 339–346. [Google Scholar] [CrossRef] [PubMed]

	



Lavigne, G.J.; Kato, T.; Kolta, A.; Sessle, B.J. Neurobiological Mechanisms Involved in Sleep Bruxism. Crit. Rev. Oral Biol. Med. 2003, 14, 30–46. [Google Scholar] [CrossRef]

	



Ribeiro-Lages, M.B.; Jural, L.A.; Magno, M.B.; Vicente-Gomila, J.; Ferreira, D.M.; Fonseca-Gonçalves, A.; Maia, L.C. A World Panorama of Bruxism in Children and Adolescents with Emphasis on Associated Sleep Features: A Bibliometric Analysis. J. Oral Rehabil. 2021, 48, 1271–1282. [Google Scholar] [CrossRef]

	



Wieczorek, T.; Michałek-Zrąbkowska, M.; Więckiewicz, M.; Mazur, G.; Rymaszewska, J.; Smardz, J.; Wojakowska, A.; Martynowicz, H. Sleep Bruxism Contributes to Motor Activity Increase during Sleep in Apneic and Nonapneic Patients—A Polysomnographic Study. Biomedicines 2022, 10, 2666. [Google Scholar] [CrossRef]

	



Wieckiewicz, M.; Bogunia-Kubik, K.; Mazur, G.; Danel, D.; Smardz, J.; Wojakowska, A.; Poreba, R.; Dratwa, M.; Chaszczewska-Markowska, M.; Winocur, E.; et al. Genetic Basis of Sleep Bruxism and Sleep Apnea—Response to a Medical Puzzle. Sci. Rep. 2020, 10, 7497. [Google Scholar] [CrossRef]

	



Martynowicz, H.; Smardz, J.; Wieczorek, T.; Mazur, G.; Poreba, R.; Skomro, R.; Zietek, M.; Wojakowska, A.; Michalek, M.; Wieckiewicz, M. The Co-Occurrence of Sexsomnia, Sleep Bruxism and Other Sleep Disorders. J. Clin. Med. 2018, 7, 233. [Google Scholar] [CrossRef]

	



Smardz, J.; Wieckiewicz, M.; Wojakowska, A.; Michalek-Zrabkowska, M.; Poreba, R.; Gac, P.; Mazur, G.; Martynowicz, H. Incidence of Sleep Bruxism in Different Phenotypes of Obstructive Sleep Apnea. J. Clin. Med. 2022, 11, 4091. [Google Scholar] [CrossRef]

	



Sejbuk, M.; Mirończuk-Chodakowska, I.; Witkowska, A.M. Sleep Quality: A Narrative Review on Nutrition, Stimulants, and Physical Activity as Important Factors. Nutrients 2022, 14, 1912. [Google Scholar] [CrossRef] [PubMed]

	



St-Onge, M.-P.; Mikic, A.; Pietrolungo, C.E. Effects of Diet on Sleep Quality. Adv. Nutr. 2016, 7, 938–949. [Google Scholar] [CrossRef] [PubMed]

	



Bravo, R.; Matito, S.; Cubero, J.; Paredes, S.D.; Franco, L.; Rivero, M.; Rodríguez, A.B.; Barriga, C. Tryptophan-Enriched Cereal Intake Improves Nocturnal Sleep, Melatonin, Serotonin, and Total Antioxidant Capacity Levels and Mood in Elderly Humans. Age 2013, 35, 1277–1285. [Google Scholar] [CrossRef] [PubMed]

	



Afaghi, A.; O’Connor, H.; Chow, C.M. High-Glycemic-Index Carbohydrate Meals Shorten Sleep Onset. Am. J. Clin. Nutr. 2007, 85, 426–430. [Google Scholar] [CrossRef]

	



Shilo, L.; Sabbah, H.; Hadari, R.; Kovatz, S.; Weinberg, U.; Dolev, S.; Dagan, Y.; Shenkman, L. The Effects of Coffee Consumption on Sleep and Melatonin Secretion. Sleep Med. 2002, 3, 271–273. [Google Scholar] [CrossRef]

	



Zhao, M.; Tuo, H.; Wang, S.; Zhao, L. The Effects of Dietary Nutrition on Sleep and Sleep Disorders. Mediat. Inflamm. 2020, 2020, 3142874. [Google Scholar] [CrossRef]

	



Bulanda, S.; Ilczuk-Rypuła, D.; Nitecka-Buchta, A.; Nowak, Z.; Baron, S.; Postek-Stefańska, L. Sleep Bruxism in Children: Etiology, Diagnosis, and Treatment—A Literature Review. Int. J. Environ. Res. Public Health 2021, 18, 9544. [Google Scholar] [CrossRef]

	



Castroflorio, T.; Bargellini, A.; Rossini, G.; Cugliari, G.; Deregibus, A. Sleep Bruxism and Related Risk Factors in Adults: A Systematic Literature Review. Arch. Oral Biol. 2017, 83, 25–32. [Google Scholar] [CrossRef]

	



Doi, Y.; Minowa, M.; Uchiyama, M.; Okawa, M.; Kim, K.; Shibui, K.; Kamei, Y. Psychometric Assessment of Subjective Sleep Quality Using the Japanese Version of the Pittsburgh Sleep Quality Index (PSQI-J) in Psychiatric Disordered and Control Subjects. Psychiatry Res. 2000, 97, 165–172. [Google Scholar] [CrossRef]

	



American Academy of Sleep Medicine. International Classification of Sleep Disorders—Third Edition (ICSD-3) (Online). Available online: https://learn.aasm.org/Public/Catalog/Details.aspx?id=%2FgqQVDMQIT%2FEDy86PWgqgQ%3D%3D&returnurl=%2fUsers%2fUserOnlineCourse.aspx%3fLearningActivityID%3d%252fgqQVDMQIT%252fEDy86PWgqgQ%253d%253d (accessed on 18 April 2019).

	



Casett, E.; Réus, J.C.; Stuginski-Barbosa, J.; Porporatti, A.L.; Carra, M.C.; Peres, M.A.; de Luca Canto, G.; Manfredini, D. Validity of Different Tools to Assess Sleep Bruxism: A Meta-Analysis. J. Oral Rehabil. 2017, 44, 722–734. [Google Scholar] [CrossRef]

	



Lavigne, G.J.; Rompre, P.H.; Montplaisir, J.Y. Sleep Bruxism: Validity of Clinical Research Diagnostic Criteria in a Controlled Polysomnographic Study. J. Dent. Res. 1996, 75, 546–552. [Google Scholar] [CrossRef] [PubMed]

	



Imaeda, N.; Goto, C.; Sasakabe, T.; Mikami, H.; Oze, I.; Hosono, A.; Naito, M.; Miyagawa, N.; Ozaki, E.; Ikezaki, H.; et al. Reproducibility and Validity of Food Group Intake in a Short Food Frequency Questionnaire for the Middle-Aged Japanese Population. Environ. Health Prev. Med. 2021, 26, 28. [Google Scholar] [CrossRef]

	



Ministry of Health, Labour Standards. Overview of the Dietary Reference Intakes for Japanese (2020); Ministry of Health, Labour Standards: Tokyo, Japan, 2020.

	



St-Onge, M.-P.; Roberts, A.; Shechter, A.; Choudhury, A.R. Fiber and Saturated Fat Are Associated with Sleep Arousals and Slow Wave Sleep. J. Clin. Sleep Med. 2016, 12, 19–24. [Google Scholar] [CrossRef]

	



Tang, M.; Song, X.; Zhong, W.; Xie, Y.; Liu, Y.; Zhang, X. Dietary Fiber Ameliorates Sleep Disturbance Connected to the Gut–Brain Axis. Food Funct. 2022, 13, 12011–12020. [Google Scholar] [CrossRef] [PubMed]

	



Dalile, B.; Van Oudenhove, L.; Vervliet, B.; Verbeke, K. The Role of Short-Chain Fatty Acids in Microbiota–Gut–Brain Communication. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 461–478. [Google Scholar] [CrossRef] [PubMed]

	



Yang, L.; Zhao, Y.; Huang, J.; Zhang, H.; Lin, Q.; Han, L.; Liu, J.; Wang, J.; Liu, H. Insoluble Dietary Fiber from Soy Hulls Regulates the Gut Microbiota in Vitro and Increases the Abundance of Bifidobacteriales and Lactobacillales. J. Food Sci. Technol. 2020, 57, 152–162. [Google Scholar] [CrossRef]

	



Wang, Z.; Wang, Z.; Lu, T.; Chen, W.; Yan, W.; Yuan, K.; Shi, L.; Liu, X.; Zhou, X.; Shi, J.; et al. The Microbiota-Gut-Brain Axis in Sleep Disorders. Sleep Med. Rev. 2022, 65, 101691. [Google Scholar] [CrossRef]

	



Kato, T.; Velly, A.M.; Nakane, T.; Masuda, Y.; Maki, S. Age Is Associated with Self-Reported Sleep Bruxism, Independently of Tooth Loss. Sleep Breath 2012, 16, 1159–1165. [Google Scholar] [CrossRef]

	



Strausz, T.; Ahlberg, J.; Lobbezoo, F.; Restrepo, C.C.; Hublin, C.; Ahlberg, K.; Könönen, M. Awareness of Tooth Grinding and Clenching from Adolescence to Young Adulthood: A Nine-Year Follow-Up. J. Oral Rehabil. 2010, 37, 497–500. [Google Scholar] [CrossRef]

	



Wetselaar, P.; Vermaire, E.J.H.; Lobbezoo, F.; Schuller, A.A. The Prevalence of Awake Bruxism and Sleep Bruxism in the Dutch Adolescent Population. J. Oral Rehabil. 2021, 48, 143–149. [Google Scholar] [CrossRef]

	



Wetselaar, P.; Vermaire, E.; Lobbezoo, F.; Schuller, A.A. The Prevalence of Awake Bruxism and Sleep Bruxism in the Dutch Adult Population. J. Oral Rehabil. 2019, 46, 617–623. [Google Scholar] [CrossRef] [PubMed]

	



Pontes, L.D.S.; Prietsch, S.O.M. Sleep Bruxism: Population Based Study in People with 18 Years or More in the City of Rio Grande, Brazil. Rev. Bras. Epidemiol. 2019, 22, e190038. [Google Scholar] [CrossRef] [PubMed]

	



Cavallo, P.; Carpinelli, L.; Savarese, G. Perceived Stress and Bruxism in University Students. BMC Res. Notes 2016, 9, 514. [Google Scholar] [CrossRef]

	



Smardz, J.; Wieckiewicz, M.; Gac, P.; Poreba, R.; Wojakowska, A.; Mazur, G.; Martynowicz, H. Influence of Age and Gender on Sleep Bruxism and Snoring in Non-Apneic Snoring Patients: A Polysomnographic Study. J. Sleep Res. 2021, 30, e13178. [Google Scholar] [CrossRef] [PubMed]

	



Macek, P.; Wieckiewicz, M.; Poreba, R.; Gac, P.; Bogunia-Kubik, K.; Dratwa, M.; Wojakowska, A.; Mazur, G.; Martynowicz, H. Assessment of Telomerase Reverse Transcriptase Single Nucleotide Polymorphism in Sleep Bruxism. J. Clin. Med. 2022, 11, 525. [Google Scholar] [CrossRef]

	



Guo, H.; Wang, T.; Niu, X.; Wang, H.; Yang, W.; Qiu, J.; Yang, L. The Risk Factors Related to Bruxism in Children: A Systematic Review and Meta-Analysis. Arch. Oral Biol. 2018, 86, 18–34. [Google Scholar] [CrossRef] [PubMed]

	



Kazubowska-Machnowska, K.; Jodkowska, A.; Michalek-Zrabkowska, M.; Wieckiewicz, M.; Poreba, R.; Dominiak, M.; Gac, P.; Mazur, G.; Kanclerska, J.; Martynowicz, H. The Effect of Severity of Obstructive Sleep Apnea on Sleep Bruxism in Respiratory Polygraphy Study. Brain Sci. 2022, 12, 828. [Google Scholar] [CrossRef]

	



Viarengo, N.O.; Gonçalves, M.L.L.; Bruno, L.H.; Fossati, A.L.; Sertaje, M.R.F.; Santos, E.M.; Sobral, A.P.T.; Mesquita-Ferrari, R.A.; Fernandes, K.P.S.; Horliana, A.C.R.T.; et al. Evaluation of Intravascular Irradiation of Blood in Children with Sleep Bruxism: Study Protocol for a Randomized Controlled Clinical Trial. Medicine 2022, 101, e31230. [Google Scholar] [CrossRef]

	



Ahlberg, J.; Lobbezoo, F.; Hublin, C.; Piirtola, M.; Kaprio, J. Self-Reported Sleep Bruxism in 1990 and 2011 in a Nationwide Twin Cohort: Evidence of Trait Persistence and Genetic Liability. J. Oral Rehabil. 2022. [Google Scholar] [CrossRef]

	



Stuginski-Barbosa, J.; Porporatti, A.L.; Costa, Y.M.; Svensson, P.; Conti, P.C.R. Agreement of the International Classification of Sleep Disorders Criteria with Polysomnography for Sleep Bruxism Diagnosis: A Preliminary Study. J. Prosthet. Dent. 2017, 117, 61–66. [Google Scholar] [CrossRef]

	



Yamaguchi, T.; Mikami, S.; Maeda, M.; Saito, T.; Nakajima, T.; Yachida, W.; Gotouda, A. Portable and Wearable Electromyographic Devices for the Assessment of Sleep Bruxism and Awake Bruxism: A Literature Review. CRANIO® 2020, 41, 69–77. [Google Scholar] [CrossRef] [PubMed]

	



Campello, C.P.; Moraes, S.L.D.; Vasconcelos, B.C.D.E.; de Lima, E.L.S.; Pellizzer, E.P.; Lemos, C.A.A.; Muniz, M.T.C. Polymorphisms of the Serotonin Receptors Genes in Patients with Bruxism: A Systematic Review. J. Appl. Oral Sci. 2022, 29, e20210262. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 12 02623 g001 550] 





Figure 1. Protocol for assignment to the sleep bruxism and non-sleep bruxism groups. 
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Figure 2. Process of assignment to the sleep bruxism and non-sleep bruxism groups. * Students who answered “yes” to Q1 and “frequently/sometimes/rarely” to Q2 or Q3 or had abnormal tooth wear were excluded. 
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Table 1. Differences in parameters between the sleep bruxism and non-sleep bruxism groups.
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SB Group

	
NSB Group

	
p




	

	

	
n = 58

	
n = 85






	
Sex

	
Male

	
24 (41.4) *

	
20 (23.5)

	
0.023 †




	
Underlying systemic disease

	
Yes

	
6 (10.3)

	
5 (5.9)

	
0.353




	
Medicines taken regularly

	
Yes

	
17 (29.3)

	
21 (24.7)

	
0.567




	
Smoking status

	
Current

	
1 (1.7)

	
2 (2.4)

	
0.355




	

	
Past

	
3 (5.2)

	
1 (1.2)

	




	
Age

	

	
21.9 ± 2.5 ‡

	
20.7 ± 1.6

	
0.002 §




	
PSQI score

	

	
5.2 ± 2.1

	
5.0 ± 1.9

	
0.560




	
Height

	

	
163.7 ± 8.7

	
160.8 ± 8.0

	
0.039




	
Weight

	

	
55.3 ± 8.5

	
52.6 ± 8.3

	
0.068




	
BMI

	

	
20.5 ± 1.7

	
20.3 ± 2.1

	
0.492




	
Nutrients

	

	

	

	




	
    Alcohol (g)

	

	
4.9 ± 8.2

	
2.0 ± 4.2

	
0.014




	
    Biotin (μg)

	

	
29.5 ± 11.3

	
29.7 ± 8.5

	
0.908




	
    Caffeine (mg)

	

	
1.4 ± 2.7

	
2.1 ± 3.1

	
0.219




	
    Calcium (mg)

	

	
448.0 ± 230.8

	
445.9 ± 162.6

	
0.947




	
    Carbohydrate (g)

	

	
236.5 ± 90.9

	
237.6 ± 79.2

	
0.938




	
    Cholesterol (mg)

	

	
352.7 ± 162.1

	
331.6 ± 108.2

	
0.387




	
    Chromium (μg)

	

	
6.8 ± 2.2

	
7.4 ± 2.2

	
0.123




	
    Copper (mg)

	

	
1.0 ± 0.3

	
1.0 ± 0.3

	
0.319




	
    Dietary fiber (g)

	

	
10.6 ± 3.7

	
11.9 ± 4.3

	
0.056




	
    Energy (kcal)

	

	
1872.7 ± 569.2

	
1852.3 ± 479.0

	
0.818




	
    Folic acid (μg)

	

	
221.0 ± 92.7

	
243.3 ± 105.0

	
0.193




	
    Iodine (μg)

	

	
590.4 ± 560.0

	
626.8 ± 626.3

	
0.722




	
    Iron (mg)

	

	
6.3 ± 2.1

	
6.8 ± 1.9

	
0.217




	
    Lipid (g)

	

	
66.5 ± 19.8

	
65.9 ± 17.4

	
0.851




	
    Magnesium (mg)

	

	
208.4 ± 69.2

	
218.4 ± 60.0

	
0.359




	
    Manganese (mg)

	

	
2.3 ± 0.9

	
2.5 ± 0.7

	
0.417




	
    Molybdenum (μg)

	

	
157.9 ± 76.4

	
157.8 ± 55.1

	
0.997




	
    Monounsaturated fatty acid (g)

	

	
24.0 ± 6.9

	
23.9 ± 6.5

	
0.88




	
    n-3 Polyunsaturated fatty acid (g)

	

	
2.0 ± 0.8

	
1.9 ± 0.6

	
0.909




	
    n-6 Polyunsaturated fatty acid (g)

	

	
11.3 ± 3.7

	
11.3 ± 3.4

	
0.995




	
    Niacin equivalents (mg)

	

	
27.0 ± 8.0

	
27.5 ± 7.1

	
0.675




	
    Pantothenic acid (mg)

	

	
5.4 ± 1.7

	
5.4 ± 1.3

	
0.952




	
    Phosphorus (mg)

	

	
933.9 ± 301.2

	
931.7 ± 218.9

	
0.959




	
    Polyunsaturated fatty acid(g)

	

	
13.3 ± 3.9

	
13.3 ± 3.9

	
0.988




	
    Potassium (mg)

	

	
1967.7 ± 657.8

	
2076.8 ± 626.5

	
0.318




	
    Protein (g)

	

	
65.9 ± 17.4

	
67.0 ± 16.9

	
0.733




	
    Retinol activity equivalents (μg)

	

	
371.9 ± 234.3

	
407.9 ± 247.3

	
0.384




	
    Saturated fatty acid (g)

	

	
21.8 ± 7.8

	
21.4 ± 6.3

	
0.699




	
    Selenium (μg)

	

	
60.1 ± 17.2

	
60.9 ± 15.1

	
0.775




	
    Sodium (g)

	

	
7.5 ± 2.7

	
8.1 ± 2.7

	
0.167




	
    Vitamin B1 (mg)

	

	
1.0 ± 0.3

	
1.1 ± 0.3

	
0.414




	
    Vitamin B12 (μg)

	

	
3.8 ± 2.0

	
3.8 ± 1.6

	
0.938




	
    Vitamin B2 (mg)

	

	
1.1 ± 0.4

	
1.1 ± 0.3

	
0.967




	
    Vitamin B6 (mg)

	

	
1.0 ± 0.3

	
1.1 ± 0.3

	
0.487




	
    Vitamin C (mg)

	

	
58.1 ± 28.9

	
66.4 ± 34.6

	
0.137




	
    Vitamin D (μg)

	

	
3.5 ± 2.0

	
3.5 ± 1.6

	
0.903




	
    Vitamin K (μg)

	

	
186.1 ± 99.7

	
204.4 ± 114.5

	
0.322




	
    Water (g)

	

	
845.7 ± 298.1

	
815.3 ± 244.4

	
0.505




	
    Zinc (mg)

	

	
7.9 ± 2.5

	
7.9 ± 2.0

	
0.901




	
    α-Tocopherol (mg)

	

	
6.2 ± 2.0

	
6.5 ± 2.0

	
0.379








* n (%); † Chi-squared test or Fisher exact test; ‡ Mean ± SD; § Student’s t test or Welch’s t test. SB, sleep bruxism; NSB, non-sleep bruxism; PSQI, Pittsburgh sleep quality index; BMI, body mass index.
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Table 2. Odds ratio of sleep bruxism.
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	Odds Ratio
	p
	95%CI





	Sex
	Female
	Ref.
	
	



	
	Male
	2.11
	0.058
	0.97–4.58



	Age
	
	1.32
	0.005
	1.09–1.60



	Dietary fiber
	
	0.91
	0.059
	0.83–1.00







Ref., reference group; CI, confidence interval. A backward stepwise selection method was applied, including sex, age, height, weight, alcohol, dietary fiber, folic acid, vitamin C, sodium, and chromium.
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