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Abstract: Sleep bruxism (SB) is a masticatory muscle activity during sleep that is characterized as

rhythmic (phasic) or non-rhythmic (tonic). The recent hypothesis on the etiology of SB supports the

role of the central and autonomic nervous systems. Therefore, in this study, we aimed to assess the

intensity of SB in patients with arterial hypertension. A total of 70 adults participated in this study:

35 patients with hypertension (study group) and 35 normotensive subjects (control group). Data were

recorded using home portable cardiorespiratory polygraphy. The bruxism episode index (BEI) in

the study group was found to be significantly higher compared to the control group (3.4 ± 3.25 vs.

2.35 ± 2.29, p = 0.04). Hypertension, higher body mass index (BMI), lower values of mean oxygen

saturation (SpO2), and a higher percentage of SpO2 < 90% constituted independent risk factors for

increased BEI. These results suggest the need for special oral care in hypertensive patients, patients

with higher BMI, lower values of SpO2 and a higher percentage of SpO2 < 90%.

Keywords: sleep bruxism; arterial hypertension; obstructive sleep apnea

1. Introduction

The American Academy of Sleep Medicine (AASM) defines bruxism as repetitive jaw-muscle

activity characterized by clenching or grinding of the teeth and/or by bracing or thrusting of

the mandible. According to International Classification of Sleep Disorders (ICDS-3) the clinical

criteria for the classification of sleep bruxism (SB) include the following: (A) the presence of regular

or frequent tooth-grinding sounds occurring during sleep; (B) the presence of one or more of

the following clinical signs: (1) abnormal tooth wear consistent with the above reports of tooth

grinding during sleep; (2) transient morning jaw muscle pain or fatigue, temporal headache, and/or

jaw locking upon awakening consistent with the above reports of tooth grinding during sleep.

Sleep-related movement disorders include restless legs syndrome, periodic limb movement during
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sleep, leg cramps, benign sleep myoclonus in infancy, propriospinal myoclonus at sleep onset,

and rhythmic movement disorder [1].

With international consensus, sleep bruxism was defined as masticatory muscle activity during

sleep that is characterized as rhythmic (phasic) or non-rhythmic (tonic) and is not a movement

disorder or a sleep disorder in otherwise healthy individuals [2]. In the past, occlusal imbalance

was considered as the primary etiological factor for bruxism; thus, dentists used to indicate occlusal

adjustment [3] or occlusal stabilization splints [4]. However, SB is no longer considered to be related

to occlusal discrepancies or is not considered to be a result of stress, anxiety, or depression [5–7].

The most recent hypotheses on the etiology of SB support the roles of the central and autonomic

nervous systems in the genesis of masticatory muscle activity during sleep [8]. Most SB episodes occur

in the light stages of sleep in association with sleep arousals [9], which are cortical brain activations

lasting 3–15 s, with an accompanying increase in the heart rate and motor activity [10,11]. Smoking,

the use of certain medications, and breathing problems can be considered as risk factors for SB [12].

Obstructive sleep apnea (OSA) syndrome is considered a risk factor for SB [13,14]; however, several

studies have failed to confirm this correlation [15,16]. A polysomnographic study has confirmed the

link between bruxism and insomnia, but there are no studies regarding the association between SB

and stress and depression [17].

SB and periodic limb movement during sleep (PLMS) are classified as sleep-related movement

disorders by the AASM. Both PLMS and cortical arousal are associated with an increase in blood

pressure (BP), and PLMS has been shown to exhibit a higher surge in BP when co-occurring with

sleep arousals [18,19]. Studies regarding the association between hypertension and bruxism are

limited. Hypertension is the most common chronic cardiovascular disease in adults [20,21]. OSA is

a major modifiable risk factor of hypertension [22]. A number of epidemiologic studies have shown

an association between OSA and hypertension [23,24], particularly when nocturnal hypertension is

concerned [25]. OSA is considered to be a possible risk factor for SB [26], but there are no studies that

discuss whether hypertension could influence the prevalence or severity of SB.

Therefore, in this study, we aimed to assess the intensity of SB in patients with arterial

hypertension (HTN) compared to non-hypertensive individuals.

2. Material and Methods

In this study, 70 adults participated: 35 patients with hypertension (study group) and

35 normotensive subjects (control group). The enrolled 35 patients with hypertension had a history of

HTN and were taking anti-hypertensive medications. The control group subjects, who had no history of

HTN, did not take any anti-hypertensive medication. The patients were enrolled between March 2017

and April 2018 in two dental clinics located in Wroclaw, Poland by qualified dentists. Inclusion criteria

were as follows: age between 18 and 90 years, presence of HTN in anamnesis, suspicion of SB and/or

OSA based on self-report and clinical inspection, and that patients were willing to participate in this

study. Exclusion criteria were as follows: avoidance of performance of the home sleep study, presence

of neurological disorders and/or neuropathic pain, respiratory insufficiency, patients being treated

with or addicted to analgesic drugs and/or drugs that affect muscle and breath function, presence of

malignancy and severe mental disorders, active inflammation, and cognitive disability.

The Epworth Sleepiness Scale (ESS) was used to measure the subjects’ level of daytime sleepiness.

This scale consists of eight items that measure a subject’s habitual likelihood of dozing or falling asleep

in common situations. The ESS total score (0–24) represents the sum of the scores for the individual

items. Scores above 10 were considered abnormal [27]. In addition to ESS, the questionnaire collected

data regarding symptoms and comorbidities of OSA and smoking status. Patients also completed

the STOP (Snoring; Tiredness/sleepiness/fatigue; Observed apnea; blood Pressure) questions and

answered four yes/no questions (Bang self-reported) about their BMI (weight and height), age, neck

circumference, and gender. The body mass index (BMI, calculated as weight in kilogram divided by

square of height in meter) was calculated. Demographic characteristics are presented in Table 1.
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Data were collected using home portable cardiorespiratory polygraphy (Nox-T3 Portable Sleep

Monitor, Nox Medical, Reykjavík, Iceland). This device, used to confirm SB and OSA diagnosis,

has been previously described [28]. Nox T3 is a Level 3 portable monitor, which registers the bilateral

masseter electromyography (EMG) and the audio evaluation (the sounds of bruxism and snoring were

recorded with a microphone integrated within the device). A minimum of two audible tooth-grinding

episodes coincident with the EMG bursts confirmed the diagnosis of bruxism. Bruxism episodes

were scored according to the standards of the AASM in three forms: phasic, tonic, and mixed. To be

considered as SB, EMG activity had to be at least twice the amplitude of the background EMG.

EMG bursts should not be separated by more than 3 s to be considered part of the same episode [29].

The number of total episodes per hour was calculated and used as the main outcome variable

(BEI—bruxism episode index). Moreover, the number of phasic, tonic, and mixed episodes per hour

was computed separately. Episodes could occur spontaneously or in conjunction with respiratory

events. The following respiratory signals were noted during the portable monitor recordings: nasal

pressure, rib cage and abdominal movement by inductance plethysmography, snoring, body position,

activity, as well as heart rate and arterial oxygen saturation (SpO2) with finger pulse oximetry.

Respiratory events were recorded and assessed in accordance with the standards of the AASM.

Abnormal respiratory events were scored from the pressure airflow signal and evaluated according to

the standard criteria of the AASM Task Force [30]. Apneas were defined as the absence of airflow for

≥10 s. Hypopnea was defined as a reduction in the amplitude of breathing by ≥30% for ≥10 s with

a ≥3% decline in blood oxygen saturation.

The scoring and manual analysis of clinically collected data was performed by a qualified

physician (H.M.) from the Sleep Laboratory at the Wroclaw Medical University, Poland.

Statistical analysis was conducted using the “Dell Statistica 13” software (Dell Inc., Aliso Viejo, CA, USA).

Quantitative data are presented as mean and standard deviation. Qualitative variables are expressed

as a percentage. Significant statistical differences between arithmetic means were determined by the

Mann–Whitney U test and the between-group percentage by the chi-squared test. In order to determine the

relationship between the tested variables, we conducted correlation as well as univariate and multivariate

regression analysis. The statistical significance was set at a p-value < 0.05.

This study was approved by the Local Ethical Committee (ID KB-195/2017). Patients signed

a consent form for participating in this study.

3. Results

The mean age of all participants was 57.34 ± 7.77 years. Diabetes and ischemic heart disease were

diagnosed in 10.85% (n = 7) and 7.14% (n = 5) of the whole study population (n = 70), respectively.

The mean BMI was found to be 27.39 ± 4.83 kg/m2. Smokers constituted 12.69% of all participants.

The prevalence of OSA was found to be 55.29% (n = 38) in patients with hypertension and 21.43%

(n = 15) in control group.

The mean age was similar in both groups (57.74 ± 7.92 years in the study group vs. 56.94 ± 7.71

years in the control group, respectively). There were no statistically significant differences in sleepiness

scores in both groups. Study group demonstrated a higher mean score on the STOP-BANG scale than

that of the control group (4.94 ± 1.72 vs. 3.14 ± 1.83, p = 0.001). (Table 1). The prevalence of coronary

artery disease (CAD), stroke, and myocardial infarction were similar in both groups. The presence of

two cases of patients after stroke (6.1%) and myocardial infarction (6.1%) in the normotensive group

was accidental and did not affect the results of the study.
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Table 1. Demographic characteristics of hypertensives (HT) and normotensives (NT).

Parameter HT (n = 35) NT (n = 35) P

Age (years) 57.74 ±7.92 56.94 ± 7.71 0.67
Body mass (kg) 87.56 ± 18.58 74.86 ± 15.60 0.003

Height (cm) 173.40 ± 8.15 169.71 ± 10.00 0.10
BMI (kg/m2) 28.95 ± 4.63 25.88 ± 4.59 0.007

Men (%) 31.4 48.6 0.09
Women (%) 68.6 51.4 0.09

Smoking (%) 29.4 13.3 0.12
Diabetes (%) 17.1 3.0 0.06

CAD (%) 12.1 2.9 0.14
Myocardial infarction (%) 5.7 6.1 0.95

Stroke (%) 0.0 6.1 0.14
ESS 7.71 ± 3.91 7.31 ± 4.40 0.69
SBS 4.94 ± 1.83 3.14 ± 1.72 0.001

HT, hypertensives; NT, normotensives; BMI, body mass index (kg/m2); CAD, coronary artery disease; ESS, Epworth
scale score; SBS, STOP-Bang score; statistically significant differences are marked in a bold font (p < 0.05).

The prevalence of SB in both groups was found to be similar. In the study group, SB was diagnosed

in 51% of them (n = 18) as compared to 49% in the control group (n = 17). In the study group, severe

bruxism (BEI > 4) was diagnosed in 43% (n = 15) of them as compared to 23% (n = 8) in the control

group. BEI in the study group was significantly increased compared to the control group (3.4 ± 3.25

vs. 2.3 ± 2.29, p = 0.04) (Table 2). Phasic bruxism was found to be increased in the study group as

compared to the control group (1.09 ± 1.42 vs. 0.54 ± 0.76, p = 0.04). The mean values of tonic and

mixed bruxism were found to be similar in both the groups.

The apnea–hypopnea index (AHI) in the study group was found to be 19.30 ± 17.59, which was

found to be statistically increased compared to the control group (12.39 ± 10.86, p = 0.04).

In the complete study group, possible independent risk factors for BEI (as the dependent variable)

were found on the basis of univariate linear regressions. In the analysis, variables possibly confounding

the results were considered: anthropometric data (age, BMI, and gender), cardiovascular diseases

(arterial hypertension, diabetes, CAD, myocardial infarction, and stroke), frequency of smoking

habit and respiratory parameters (AHI, ODI, snoring, OA, MA, CA, hypopnea, Cheyne–Stokes,

mean SpO2, min SatO2, SpO2 < 90%, mean oxygen desaturation, mean heart rate, maximum heart

rate, and minimum heart rate). Next, with the use of a multivariate stepwise regression analysis of

statistically significant variables from univariate linear regressions, a final model was obtained with

the BEI as the dependent variable. The model—BEI = 57.22 + 2.05 HT + 0.12 BMI − 0.62 mean SpO2

+ 0.05 SpO2 < 90% ± 1.02—was characterized by the higher value of the determination coefficient

(R2 = 83.17%) and the lower p-value (p = 0.009). Based on the regression model that was obtained,

it was shown that hypertension, higher BMI, lower values of mean SpO2, and a higher percentage

of SpO2 < 90% constitute independent risk factors for the increased BEI (as the dependent variable;

Table 3). The covariance was not assessed because of the relatively small sample size.
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Table 2. The respiratory and bruxism indices in hypertensives (HT) and normotensives (NT).

Parameter HT (n = 35) NT (n = 35) P

BEI 3.40 ± 3.25 2.35 ± 2.29 0.04
Phasic 1.09 ± 1.42 0.54 ± 0.76 0.04
Tonic 1.09 ± 1.31 1.01 ± 1.16 0.79
Mixed 1.23 ± 1.49 0.76 ± 1.04 0.13
AHI 19.30 ± 17.59 12.39 ± 10.86 0.04
ODI 20.09 ± 17.33 12.33 ± 10.50 0.03

snore (%) 16,97 ± 16.31 8.73 ± 14.85 0.03
OA 6.35 ± 9.78 3.21 ± 3.79 0.08
MA 0.35 ± 0.98 0.12 ± 0.25 0.20
CA 0.85 ± 1.78 1.09 ± 1.61 0.56

Hypopnea 11.77 ± 9.34 7.95 ± 7.25 0.06
Cheyne-Stokes (%) 0.01 ± 0.08 0.47 ± 2.60 0.31

Mean SpO2 92.52 ± 1.75 93.69 ± 1.62 0.001
Min SatO2 83.03 ± 5.51 85.11 ± 5.22 0.11

SpO2 < 90% (%) 10.72 ± 19.36 3.47 ± 8.71 0.04
Mean oxygen desaturation 4.45 ± 1.55 4.29 ± 1.35 0.64

Mean heart rate 62.86 ± 8.54 63.07 ± 7.17 0.91
Max heart rate 91.91 ± 16.43 98.26 ± 17.71 0.12
Min heart rate 48.09 ± 8.44 49.49 ± 6.78 0.46

HT, hypertensives; NT, normotensives; BEI, bruxism episode index; AHI, apnea–hypoapnea index; OA, obstructive
apnea; MA, mixed apnea; CA, central apnea; ODI, oxygen desaturation index; SpO2 < 90% (%), time with oxygen
saturation < 90% (% of total bed time); statistically significant differences are marked in a bold font (p < 0.05).

Table 3. Results of estimation for the final model obtained on multivariate regression analysis.

Model for BEI

Intercept HT BMI Mean SpO2 SpO2 < 90% (%)
Regression coefficient 57.22 2.05 0.12 −0.62 0.05

SEM of Rc 22.41 0.25 0.04 0.13 0.01
p-value 0.04 0.02 0.02 0.05 0.02

p 0.009
SEM of model 1.02

HT, hypertensives; BEI, bruxism episode index; BMI, body mass index; Rc, regression coefficient; SpO2 < 90% (%),
time with oxygen saturation <9 0% (% of total bed time); SEM, standard error of mean.

4. Discussion

The most interesting result of this study is the higher mean BEI in the study group as compared

to the control group. The probable explanation for this phenomenon is the increased sympathetic

activity in hypertension and SB; however, in this study, we did not investigate the role of sympathetic

activity in SB. It is worth noting that an increased spillover of catecholamines from the kidney and

heart to the plasma is intimately linked with the development and progression of hypertension [31].

Catecholamines may regulate orofacial movements through the premotor brainstem nuclei, which are

related to masticatory control, as well as through forebrain areas related to autonomic and stress

responses [32]. Thus, increased levels of catecholamines in hypertension may promote or intensify

orofacial movements. Individuals with SB have higher levels of urinary catecholamines [33], which is in

agreement with this hypothesis. Interestingly, clonidine—a centrally acting agonist to the presynaptic

alpha2A receptor—has been used for decades in the treatment of hypertension. Moreover, it was

shown that it may decrease sleep bruxism frequency by 61% [34]. It has been reported that clonidine

decreases circulating catecholamines, thereby attenuating sympathetic activity [35,36], which supports

our results and hypothesis.

The primary question with respect to the association of bruxism and hypertension is which

of them is the primary cause and which of them is the consequence. Nashed et al. showed that

SB is associated with the fluctuations in BP during sleep, and an increase in BP was found to be
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significant for RMMA/SB (rhythmic masticatory muscle activity) associated with cortical arousals,

body movements, and cortical arousal with body movement [37]. Thus, it is possible that episodes

of bruxism lead to a blood pressure surge; however, on the other hand, persistent hypertension may

promote or intensify bruxism episodes. However, we have demonstrated that not only hypertension,

but also higher BMI, lower values of mean SpO2, and higher percentages of SpO2 < 90% constitute

independent risk factors for increased BEI. Numerous risk factors for SB in the general population have

been described. OBS, snoring, sleepiness, alcohol, caffeine, smoking, stress and anxiety are well-known

risk factors for SB [38]. Newly identified factors associated with bruxism predominantly concern

diseases such as reflux esophagitis, depression, or nocturnal frontal lobe epilepsy [26]. Data concerning

an association between BMI and bruxism are very limited; however, increased BMI is associated with

sympathetic activity and increased plasma catecholamine levels as in hypertension [39]. Moreover,

decreased salivary flow was reported both in obesity and bruxism [40,41]. Decreased mean SpO2 and

a higher percentage of SpO2 < 90% commonly occurs in OBS, which is considered a risk factor for

bruxism. Moreover, it was previously shown that transient hypoxia is potentially associated with the

onset of episodes of RMMA [42]. Thus, this study is in agreement with our results. However, further

studies in a larger group are needed to confirm these new risk factors for SB.

The high prevalence of OSA in our study may suggest a secondary form of SB. Interestingly,

OSA is also associated with overactivity of the sympathetic system, and prevalence of OSA in the study

group was found to be increased in this study. However, we have not observed an association between

BEI and AHI; thus, we can say that OSA does not affect the severity of SB. One of the hypotheses

concerning SB and OSA is that SB activity is protective against OSA by protruding the mandible

and restoring airway patency [43]. Brunelli et al. showed that partial masticatory movements, as in

the submaximal opening of mouth by a spring device, causes prolonged reduction of BP and heart

rate [44]. Thus, theoretically, SB may also be the element of feedback mechanisms in homeostasis,

which prevents excessive surge of BP and tachycardia, usually preceding bruxism episode.

The mean age in both groups was found to be similar; thus, there was no impact of age on the

prevalence of SB. The sleepiness assessed using ESS was also similar in both groups. It was found

previously that sleepiness as measured by ESS is increased in SB; however, the association of sleepiness

with OSA was not assessed in that study [45]. Recently, we have shown that hypertension with OSA

does not show increased ESS compared to normotensive subjects [46]; this result agrees with result of

this study. It is probable that excessive daytime sleepiness is related not only to the AHI but also to

central autonomic interactions affecting baroreflex sensitivity [47,48]. It is worth noting that we used an

objective method for diagnosing respiratory disturbance and bruxism. The score in the STOP-BANG

questionnaire was found to be increased in the study group, which is predictable because one of the

study objectives is related to hypertension. Moreover, the high prevalence of OSA in patients with

hypertension also explains the increased STOP-BANG score in the study group of this study.

The sympathetic nervous system plays an important role in the pathogenesis of hypertension.

Autonomic cardiovascular control is impaired in hypertension, leading to a reduction in the

parasympathetic and an increase in the sympathetic tone [49]. It has been shown that SB is also

associated with an increased sympathetic tone. Thus, sympathetic overactivity plays a crucial role in

the pathogenesis of both hypertension and SB. Interestingly, patients with SB have an overall elevated

sympathetic tone during waking [50]. Thus, similar pathogenesis may contribute of the occurrence of

both diseases.

All participants with hypertension were on antihypertensive drugs. There are no data on the

influence of antihypertensive medications on the prevalence or severity of bruxism. Beta-adrenoceptor

antagonists are used widely to reduce sympathetic tone; thus, these drugs may lead to a decrease in

bruxism severity. In addition, spironolactone may decrease bruxism severity as a result of inhibition

of the renin–angiotensin–aldosterone system and OSA reduction. However, that aspect was not

investigated in this study.
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This study has a few limitations. First is the lack of an explanation of the mechanism of increased

severity of SB in hypertension. We have not used polysomnography, which is a gold standard for the

diagnosis of SB. However, the device we used in this study has been validated for the diagnosis of

OSA, and its diagnostic accuracy can be increased by the addition of audio and masseter EMG signals.

Another limitation is the absence of ambulatory BP monitoring values for participants. The lack

of nocturnal BP measurement and an objectively confirmed diagnosis of hypertension is the most

serious limitation of this study; however, the diagnosis of hypertension in the study group was based

on an anamnesis which is consistent with the ESH/ESC Practice Guidelines for the Management of

Arterial Hypertension [25].

5. Conclusions

According to the results of this study, severity but not prevalence of SB was found to be increased

in patients with hypertension. Hypertension, higher BMI, lower values of mean SpO2, and higher

percentages of SpO2 < 90% constitute independent risk factors for increased BEI. The results of the

study suggest the need for special oral care in patients with hypertension, patients with higher BMI,

lower values of mean SpO2 and a higher percentage of SpO2 < 90%. Further research is highly

warranted regarding the pathophysiology of bruxism in arterial hypertension.
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15. Jokubauskas, L.; Baltrušaitytė, A. Relationship between obstructive sleep apnoea syndrome and sleep

bruxism: A systematic review. J. Oral Rehabil. 2017, 44, 144–153. [CrossRef] [PubMed]

16. Sjöholm, T.T.; Lowe, A.A.; Miyamoto, K.; Fleetham, J.A.; Ryan, C.F. Sleep bruxism in patients with

sleep-disordered breathing. Arch. Oral Biol. 2000, 45, 889–896. [CrossRef]

17. Maluly, M.; Andersen, M.L.; Dal-Fabbro, C.; Garbuio, S.; Bittencourt, L.; de Siqueira, J.T.T.; Tufik, S.

Polysomnographic study of the prevalence of sleep bruxism in a population sample. J. Dent. Res. 2013,

92, S97–S103. [CrossRef] [PubMed]

18. Pennestri, M.H.; Montplaisir, J.; Colombo, R.; Lavigne, G.; Lanfranchi, P.A. Nocturnal blood pressure changes

in patients with restless legs syndrome. Neurology 2007, 68, 1213–1218. [CrossRef] [PubMed]

19. Davies, R.J.O.; Belt, P.J.; Roberts, S.J.; Ali, N.J.; Stradling, J.R. Arterial blood pressure responses to graded

transient arousal from sleep in normal humans. J. Appl. Physiol. 1993, 74, 1123–1130. [CrossRef] [PubMed]

20. Kearney, P.M.; Whelton, M.; Reynolds, K.; Muntner, P.; Whelton, P.K.; He, J. Global burden of hypertension:

Analysis of worldwide data. Lancet 2005, 365, 217–223. [CrossRef]

21. Wolf-Maier, K.; Cooper, R.S.; Benegas, J.R.; Giampaoli, S.; Hense, H.W.; Joffres, M.; Kastarinen, M.; Poulter, N.;

Primatesta, P.; Rodríguez-Artalejo, F.; et al. Hypertension prevalence and blood pressure levels in 6 European

countries, Canada and the United States. JAMA 2003, 289, 2363–2369. [CrossRef] [PubMed]

22. Parati, G.; Lombardi, C.; Hedner, J.; Bonsignore, M.R.; Grote, L.; Tkacova, R.; Levy, P.; Riha, R.; Bassetti, C.;

Narkiewicz, K.; et al. Position paper on the management of patients with obstructive sleep apnea and

hypertension: Joint recommendations by the European Society of Hypertension, by the European Respiratory

Society and by the members of European COST (Co-operation in Scientific and Technological research)

ACTION B26 on obstructive sleep apnea. J. Hypertens. 2012, 30, 633–646. [PubMed]

23. Peppard, P.E.; Young, T.; Palta, M.; Skatrud, J. Prospective study of the association between sleep-disordered

breathing and hypertension. N. Engl. J. Med. 2000, 342, 1378–1384. [CrossRef] [PubMed]

24. Nieto, F.J.; Young, T.B.; Lind, B.K.; Shahar, E.; Samet, J.M.; Redline, S.; D’Agostino, R.B.; Newman, A.B.;

Lebowitz, M.D.; Pickering, T.G. Association of sleep-disordered breathing, sleep apnea, and hypertension in

a large community-based study. Sleep Heart Health Study. JAMA 2000, 283, 1829–1836.

25. Mancia, G.; Fagard, R.; Narkiewicz, K.; Redon, J.; Zanchetti, A.; Böhm, M.; Christiaens, T.; Cifkova, R.;

De Backer, G.; Dominiczak, A.; et al. Task Force for the Management of Arterial Hypertension of the European

Society of Hypertension and the European Society of Cardiology. 2013 ESH/ESC Practice Guidelines for the

Management of Arterial Hypertension. Blood Press 2014, 23, 3–16. [CrossRef] [PubMed]

26. Kuhn, M.; Türp, J.C. Risk factors for bruxism. Swiss. Dent. J. 2018, 128, 118–124. [PubMed]

27. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991,

14, 540–545. [CrossRef] [PubMed]

28. Winck, M.; Drummond, M.; Viana, P.; Pinho, J.C.; Winck, J.C. Sleep bruxism associated with obstructive

sleep apnoea syndrome—A pilot study using a new portable device. Rev. Port. Pneumol. 2017, 23, 22–26.

[CrossRef] [PubMed]

29. 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. [CrossRef] [PubMed]

30. Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.;

Parthasarathy, S.; Quan, S.F.; et al. Rules for scoring respiratory events in sleep: Update of the 2007

AASM Manual for the Scoring of Sleep and Associated Events. Deliberations of the Sleep Apnea Definitions

Task Force of the American Academy of Sleep Medicine. J. Clin. Sleep Med. 2012, 8, 597–619. [PubMed]

http://dx.doi.org/10.1177/00220345980770040901
http://www.ncbi.nlm.nih.gov/pubmed/9539459
http://dx.doi.org/10.1111/j.1365-2842.2008.01881.x
http://www.ncbi.nlm.nih.gov/pubmed/18557915
http://dx.doi.org/10.1007/s11325-014-0953-5
http://www.ncbi.nlm.nih.gov/pubmed/24526386
http://dx.doi.org/10.1007/s11325-015-1284-x
http://www.ncbi.nlm.nih.gov/pubmed/26564168
http://dx.doi.org/10.1111/joor.12468
http://www.ncbi.nlm.nih.gov/pubmed/27977045
http://dx.doi.org/10.1016/S0003-9969(00)00044-3
http://dx.doi.org/10.1177/0022034513484328
http://www.ncbi.nlm.nih.gov/pubmed/23690359
http://dx.doi.org/10.1212/01.wnl.0000259036.89411.52
http://www.ncbi.nlm.nih.gov/pubmed/17420405
http://dx.doi.org/10.1152/jappl.1993.74.3.1123
http://www.ncbi.nlm.nih.gov/pubmed/8482650
http://dx.doi.org/10.1016/S0140-6736(05)70151-3
http://dx.doi.org/10.1001/jama.289.18.2363
http://www.ncbi.nlm.nih.gov/pubmed/12746359
http://www.ncbi.nlm.nih.gov/pubmed/22406463
http://dx.doi.org/10.1056/NEJM200005113421901
http://www.ncbi.nlm.nih.gov/pubmed/10805822
http://dx.doi.org/10.3109/08037051.2014.868629
http://www.ncbi.nlm.nih.gov/pubmed/24359485
http://www.ncbi.nlm.nih.gov/pubmed/29533049
http://dx.doi.org/10.1093/sleep/14.6.540
http://www.ncbi.nlm.nih.gov/pubmed/1798888
http://dx.doi.org/10.1016/j.rppnen.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27567051
http://dx.doi.org/10.1177/00220345960750010601
http://www.ncbi.nlm.nih.gov/pubmed/8655758
http://www.ncbi.nlm.nih.gov/pubmed/23066376


J. Clin. Med. 2018, 7, 327 9 of 9

31. Esler, M.; Rumantir, M.; Kaye, D.; Jennings, G.; Hastings, J.; Socratous, F.; Lambert, G. Sympathetic nerve

biology in essential hypertension. Clin. Exp. Pharmacol. Physiol. 2001, 28, 986–989. [CrossRef] [PubMed]

32. Mascaro, M.B.; Bittencourt, J.C.; Casatti, C.A.; Elias, C.F. Alternative pathways for catecholamine action in

oral motor control. Neurosci. Lett. 2005, 386, 34–39. [CrossRef] [PubMed]

33. Seraidarian, P.; Seraidarian, P.I.; das Neves Cavalcanti, B.; Marchini, L.; Claro Neves, A.C. Urinary levels of

catecholamines among individuals with and without sleep bruxism. Sleep Breath. 2009, 13, 85–88. [CrossRef]

[PubMed]

34. Szabo, B. Imidazoline antihypertensive drugs: A critical review on their mechanism of action. Pharmacol. Ther.

2002, 93, 1–35. [CrossRef]

35. Cividjian, A.; Toader, E.; Wesseling, K.H.; Karemaker, J.M.; McAllen, R.; Quintin, L. Effect of clonidine on

cardiac baroreflex delay in humans and rats. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2011, 300, 949–957.

[CrossRef] [PubMed]

36. Huynh, N.; Lavigne, G.J.; Lanfranchi, P.A.; Montplaisir, J.Y.; de Champlain, J. The effect of 2 sympatholytic

medications—propranolol and clonidine—on sleep bruxism: Experimental randomized controlled studies.

Sleep 2006, 29, 307–316. [CrossRef] [PubMed]

37. Nashed, A.; Lanfranchi, P.; Rompré, P.; Carra, M.C.; Mayer, P.; Colombo, R.; Huynh, N.; Lavigne, G. Sleep

bruxism is associated with a rise in arterial blood pressure. Sleep 2012, 35, 529–536. [CrossRef] [PubMed]

38. Ohayon, M.M.; Li, K.K.; Guilleminault, C. Risk factors for sleep bruxism in the general population. Chest

2001, 119, 53–61. [CrossRef] [PubMed]

39. Alvarez, G.E.; Beske, S.D.; Ballard, T.P.; Davy, K.P. Sympathetic neural activation in visceral obesity.

Circulation 2002, 106, 2533–2536. [CrossRef] [PubMed]

40. Balasubramaniam, R.; Klasser, G.D.; Cistulli, P.A.; Lavigne, G.J. The Link between Sleep Bruxism, Sleep

Disordered Breathing and Temporomandibular Disorders: An Evidence-based Review. J. Dent. Sleep Med.

2014, 1, 27–37. [CrossRef]

41. Modeer, T.; Blomberg, C.C.; Wondimu, B.; Julihn, A.; Marcus, C. Association between obesity, flow rate of

whole saliva, and dental caries in adolescents. Obesity 2010, 18, 2367–2373. [CrossRef] [PubMed]

42. Dumais, I.E.; Lavigne, G.J.; Carram, M.C.; Rompré, P.H.; Huynh, N.T. Could transient hypoxia be associated

with rhythmic masticatory muscle activity in sleep bruxism in the absence of sleep-disordered breathing?

A preliminary report. J. Oral Rehabil. 2015, 42, 810–818. [CrossRef] [PubMed]

43. Manfredini, D.; Guarda-Nardini, L.; Marchese-Ragona, R.; Lobbezoo, F. Theories on possible temporal

relationships between sleep bruxism and obstructive sleep apnea events. An expert opinion. Sleep Breath

2015, 19, 1459–1465. [CrossRef] [PubMed]

44. Brunelli, M.; Coppi, E.; Tonlorenzi, D.; Del Seppia, C.; Lapi, D.; Colantuoni, A.; . Scuri, R.; Ghione, S.

Prolonged hypotensive and bradycardic effects of passive mandibular extension: evidence in normal

volunteers. Arch. Ital. Biol. 2012, 150, 231–237. [PubMed]

45. Câmara-Souza, M.B.; de Figueredo, O.M.C.; Rodrigues Garcia, R.C.M. Association of sleep bruxism with

oral health-related quality of life and sleep quality. Clin. Oral Investig. 2018, 1–7. [CrossRef] [PubMed]
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