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a b s t r a c t

Objective: Salivary cortisol levels and biological rhythms could be hypothesized as part of the multi-
factorial framework that explains bruxism etiology. The objective of this study was to examine salivary
cortisol levels and biological rhythms in schoolchildren with sleep bruxism (SB).
Methods: This is a cross-sectional study with a school-based sample. The Biological Rhythms Interview
for Assessment in Neuropsychiatry for Kids (BRIAN-K) was used to evaluate biological rhythms. Salivary
samples were collected by the spitting method. The salivary cortisol level was measured by electro-
chemiluminescence. The criteria proposed by the American Academy of Sleep Medicine (AASM) were
used to evaluate SB.
Results: The SB prevalence was 16%. The SB presence was associated with belonging to families of
lower economic status (p ¼ 0.003). In addition, children with SB showed greater difficulty in main-
taining biological rhythm (p ¼ 0.002) and had higher levels of salivary cortisol (p ¼ 0.034) compared
with children without SB.
Conclusions: Higher levels of cortisol and disruption of biological rhythm was associated with SB in
schoolchildren.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Bruxism is defined as a repetitive jawemuscle activity charac-
terized by clenching or grinding of the teeth and/or by thrusting of
the mandible. It occurs in two circadian manifestations, namely,
sleep and awake bruxism, and can lead to tooth damage, pain, and
disturbed sleep [1]. Questionnaires (self-report and/or parent-
reports) with or without physical examination are used in most
studies to detect this condition, providing a possible or probable
diagnosis of sleep bruxism (SB), respectively. However, a definite
diagnosis can be achieved only by means of polysomnographic
recordings [2]. The prevalence of SB in children ranges from 5.9% to
49.6%, depending on the method of diagnosis used and character-
istics of the sample [3]. No gender difference has been reported
in SB [4].
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A possible association between SB and biological rhythms could
be hypothesized as part of the multifactorial framework that ex-
plains bruxism etiology [5]. Biological rhythm is defined by bio-
logical changes repeated at regular intervals, such as secretion of
hormones, sleep/wake cycle, and regular food intake [6]. Diffi-
culties in maintaining the regulation of biological rhythm can be
related to health outcomes. In this regard, some studies show the
worst quality of sleep among children with SB, suggesting the
presence of sleep disorders [7,8].

The ability of the circadian clock to adapt to environmental
changes is critical for maintaining homeostasis. However, if the
human body or cells experience significant stress, their ability to
regulate internal systems (including circadian rhythms) may
become impaired [9]. It has been reported that stress increases the
activity of the hypothalamic�pituitary�adrenal (HPA) axis and al-
ters the pattern of cortisol secretion, an important hormone used as
a biomarker of psychological stress [10]. The determination of free
cortisol can be measured in the saliva easily. This is a noninvasive
method of collection and consists in an advantage of particular
relevance for ambulatory assessments and for studies in children
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[11]. Although the literature suggests that the role of cortisol in
stress is very important, it is unclear whether those symptoms are
consistently associated with larger or smaller awakening cortisol
responses, including bruxism in children [12,13].

Stress sensitivity, evaluated by salivary cortisol, may be a psy-
chological factor associated with bruxism. According to a
caseecontrol study, high levels of stress increase the chance of
exhibiting the muscular activity of SB among children [14]. SB is
subject to constant discussion in different health areas due to po-
tential etiologic associations [3]. However, the knowledge about
this condition is inconclusive, and studies with children are scarce.
The objective of this study was to evaluate salivary cortisol levels
and biological rhythms in schoolchildren with SB.

2. Methods

This was a cross-sectional study with a school-based sample.
The sample consisted of seven- and eight-year-old schoolchildren
enrolled in primary schools in the city of Pelotas, Rio Grande do Sul,
Brazil. This study was part of a larger project entitled “Healthy
childhood in context: a multidisciplinary research.” The research
protocol was approved by the Human Research Ethics Committee of
the Universidade Cat�olica de Pelotas (UCPel) under protocol num-
ber 843.526.

Twenty public schools were selected by systematic random
sampling. All the children who fulfilled the inclusion criteria were
invited to participate in the study. The inclusion criterion was
regular attendance at the selected schools. The exclusion criterion
was inability of the child or the parents or caregivers to understand
or to answer to the questions on the instruments because of a
medical condition or severe disability.

Data collection began after the parents or caregivers provided
written informed consent. It was divided into two steps: (1) the
assessment of children during classes in their school, and (2) the
interview with parents or caregivers at their homes.

A socio-demographic questionnaire was used to obtain infor-
mation about the child and the family. The National Economic In-
dex measured the economic status. Its use enables the calculation
of scores for households from information on the ownership of a set
of assets, household characteristics, and the household head's ed-
ucation [15], referred to as income tertiles.

The Biological Rhythms Interview for Assessment in Neuro-
psychiatry for Kids (BRIAN-K) was used to evaluate the biological
rhythms and had as informants parents or caregivers. The BRIAN-K
assessed difficulties in maintaining the overall biological rhythm
and in the four domains of biological rhythm: sleep, activity, social
rhythms, and eating pattern. For all BRIAN-K domains, higher
scores indicate greater difficulty in maintaining the biological
rhythm. This scale was designed to measure biological rhythm
disruptions in Brazilian children and adolescents. The internal
consistency was considered acceptable with Cronbach's alpha of
0.871 [16].

Salivary samples of children were obtained at the schools by
the spitting method [17]. The saliva collected was maintained
at�20 �C until analysis. A commercial kit was used to evaluate the
salivary cortisol levels according to the manufacturer's in-
structions (Roche Diagnostics, Mannheim, Germany), by the
electrochemiluminescence technique with a COBAS 6000
analyzer (Roche). Salivary cortisol levels were expressed as
nanograms per milliliter (ng/mL).

The criteria proposed by the American Academy of Sleep Med-
icine (AASM) in the International Classification of Sleep Dis-
orders�3rd edition (ICSD-3) [1] was adopted in this study to
diagnose SB. According to these criteria, SB is diagnosedwhen there
is a report of tooth grinding sounds occurring during sleep, and the
presence of one or more of the following clinical signs and/or
symptoms: presence of abnormal tooth wear, and/or reported fa-
tigue, pain, or discomfort in the chewing muscles upon awakening.

To assess the presence of dental wear, physical examination of
the children's oral cavity was performed through a visual exami-
nation performed by a single trained and calibrated postgraduate
student in pediatric dentistry, with the assistance of one recorder
(dentistry student) at the schools, under natural light, following
World Health Organization (WHO) biosafety guidelines [18]. The
child was accommodated sitting on an ordinary chair, with the
head facing a source of natural light, the examiner sitting facing
him or her, using gauze, a mirror examination probe (community
periodontal index probe), and millimeter scale (flexible plastic
ruler). The correct record of the data and the visualization of the
examination were enabled by the position. To standardize the
dental wear patterns, the following criteria were used: (0) absent;
(1) dental wear of the enamel only; (2) dental wear of the enamel
and dentin; (3) dental wear of up to one-third of the length of the
crown; and (4) dental wearmore than one-third of the length of the
crown. Children who had grade 2 or higher in at least one tooth
were considered to meet positive diagnostic criteria [19].

Statistical analysis was carried in SPSS, version 22 for Windows
and GraphPad Prism 6.0. Categorical variables were shown by ab-
solute and relative frequencies, and numerical variables were
shown by mean and standard deviation or by median and quartile
intervals, according the distribution of the variables. A c2 test was
used to assess differences in variables between the groups with
and without SB in the crude analysis. Moreover, a t test or
ManneWhitney test was used according the distribution of the
variables. Spearman correlation was conducted to analyze salivary
cortisol levels and BRIAN-K scores. Linear regression was per-
formed to adjust for the variables with p � 0.20 in the crude
analysis. The level of significance considered for all tests was 5%.

3. Results

In total, 551 schoolchildren were evaluated. Boys (52.8%) and
girls (47.2%) were included in similar proportions. The mean
number of hours of sleep was 10.07 (±1.40).

Table 1 shows the sociodemographic and clinical characteristics
regarding SB. The prevalence of SB in the sample was 16%. Having
SB was associated with belonging to families of lower economic
status (p ¼ 0.003). Regarding clinical characteristics, children with
SB showed greater difficulty in maintaining the overall biological
rhythm than did childrenwithout SB (p¼ 0.002). Themedian of the
salivary cortisol levels was higher for childrenwith SB, as compared
to children without SB (p ¼ 0.034). There was no association be-
tween cortisol levels and difficulty in maintaining the biological
rhythm (r ¼ 0.042; p ¼ 0.324).

According to the biological rhythm domains, children with SB
showed higher difficulty in maintaining the sleep (p ¼ 0.009), ac-
tivity (p ¼ 0.038), social rhythms (p ¼ 0.044), and eating pattern
(p ¼ 0.030) than children without SB (Fig. 1).

Children from families of lower economic status had higher
levels of salivary cortisol (p < 0.001). After adjusting analysis for
economic status, the increase in cortisol salivary levels remained
associated with SB (b ¼ 0.015; 95% confidence interval ¼
0.001e0.0029; p ¼ 0.036).

4. Discussion

In this school-based sample, the prevalence of SB using the
ICSD-3 was 16%. The presence of SB was associated with belonging
to families of lower economic status. In addition, children with SB
showed greater difficulty in maintaining biological rhythms and



Table 1
Sample sociodemographic and clinical characteristics regarding sleep bruxism.

Variable Total Sleep bruxism p

Yes No

Gendera 0.160
Boys 291 (52.8) 53 (18.2) 238 (81.8)
Girls 260 (47.2) 35 (13.5) 225 (86.5)

Economic statusa 0.003
Lower 184 (33.4) 39 (21.2) 145 (78.8)
Intermediate 184 (33.4) 31 (16.8) 153 (83.2)
Upper 183 (33.2) 18 (9.8) 165 (90.2)

Hours of sleepb 10.07 (±1.40) 10.08 (±1.32) 10.07 (±1.41) 0.941
BRIAN-K overallc 9.00 (4.00e19.00) 12.00 (7.00e22.75) 8.00 (4.00e18.00) 0.002
Salivary cortisolc 0.091 (0.067e0.136) 0.097 (0.074e0.156) 0.089 (0.066e0.128) 0.034
Total 551 (100) 88 (16.0) 463 (84.0)

BRIAN-K, Biological Rhythms Interview for Assessment in Neuropsychiatry for Kids. Sleep Bruxism was diagnosed according to Ekfeldt et al., 1990.
a Data are n (%), analysis by c2 test.
b Data are mean (±SD), analysis by t test.
c Data are median (25%e75%), analysis by ManneWhitney test.

Fig. 1. Differences in biological rhythms domains across sleep bruxism. Legend: SB:
sleep bruxism; *p < 0.050; **p < 0.010.
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had higher levels of salivary cortisol as compared with children
without SB. Current interpretations of bruxism in adults suggest
that it may be considered as a behavior that can become a risk
factor for possible clinical consequences [20]. During childhood,
although the condition may be part of an ongoing physiological
maturation of the central nervous system, another possible expla-
nation has been emphasized in literature, which is line with the
present findings. It states that a personality profile of the bruxing
child has been developed featuring high levels of responsibility and
of neuroticism in particular, as well as the presence of other psy-
chological and social factors, mainly concerning peer relationships
and behaviors [21,22]. Furthermore, when SB begins during child-
hood, there is a need for more attention, since this condition may
persist over the years, remaining in the adult phase.

The prevalence of SB is quite discrepant in the literature, varying
according to how it is evaluated and the characteristics of the
sample studied [3]. The exact rate is hard to determine, given the
absence of a validated and universal diagnostic criteria for SB in
children. Moreover, most studies are usually based on self-report
questionnaires due of the cost and infrastructure required for
technical evaluation from a scientific point of view, such as poly-
somnography [23].

A 35.3% prevalence of bruxismwas found among schoolchildren
ranging from 7 to 11 years old [21]. In comparison, we found a
lower SB prevalence in our sample; this difference can be explained
by the absence of dental wear evaluation in the cited study,
although other criteria from AASMwere considered. Meanwhile, in
a 7- to 17-year-old population in orthodontic treatment, 15% of the
patients reported the condition, which was more prevalent among
the youngest ones (�12 years of age) [7]. In the study by Tachibana
et al. [24], there was an association between SB and age, and the
prevalence was higher among the group aged fiveeseven years
(21.0%). This may explain the prevalence of SB in our sample, since
schoolchildren were between seven and eight years old, and it has
been shown that SB decreases with age.

In the literature, little information was available on socio-
cultural issues. Of note, contrary to findings of previous in-
vestigations that did not identify an association with social
vulnerability and SB, in our study there was association between SB
and belonging to economically disadvantaged families [21,24,25].
However, it is known that a low socioeconomic status is associated
with higher psychosocial stress [26], which may affect SB.

In our sample, children with SB had more difficulty in main-
taining the biological rhythm in all domains (sleep, activities, social
rhythm, and eating pattern). In regard to the domain of sleep
maintenance, in a study with a clinical population, the SB group
reported more sleep problems (daytime sleepiness, feeling unre-
freshed in the morning, and difficulty waking up) and several
behavioral complaints, as being easily distracted and interrupting
or intruding on other peoples’ conversations, than the control
group [7]. Moreover, other studies show that sleep disturbances
such as sound and light stimuli, as well as reduced sleep time (<8 h)
presented strong associations with SB in schoolchildren [27,28].
These behavioral complaints, especially, can be related to the dif-
ficulties in the social domain evaluated by biological rhythm in-
strument used in our study, as well as low academic performance
and health damage.

Emotional stress, sleep conditions, high media consumption,
and adverse dietary habits have been identified as risks of bruxism
in children and adolescent in a review of the literature from 2007 to
2016 [29]. In the Suwa et al., [30] study, SB in children was strongly
related to the disturbance of sleep habits and lifestyle, such as poor
eating habits and excessive use of media. Ribeiro et al., [31] re-
ported that nocturnal agitation and nightmares were associated
with SB in children, but the association between SB and chronotype
profile was not found according to the applied scale. These findings
appear to be in line with biological rhythm alterations, but not with
chronotypes. Pain or tense feeling in the jaws upon awakening and
the report of feeling stressed was also associated with a higher
prevalence of SB among adolescents [32].

Children who sleep poorly present with greater fluctuations in
neuroendocrine functioning, and this seems to be related to
greater psychological stress [33]. Current studies suggest that in-
vestigations of the association between bruxism and different
chronotype profiles need to continue to be conducted. These
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investigations could performed by using specific instruments for
assessing the circadian cycle and stress levels, such salivary
cortisol, since both are related to the biological internal clock [5].
However, we did not find a correlation between cortisol levels and
altered biological rhythm, suggesting that these alterations are
independently associated; that is, that bruxism is associated with a
higher level of stress, as demonstrated through the increase of
salivary cortisol, as well as with biological rhythm alteration,
independently.

In this regard, studies that demonstrate the association be-
tween SB and cortisol levels have contradictory results; the role
and significance of these levels are not fully understood [34,35]
and with populations of schoolchildren are still scarce. A study
conducted by Castelo et al., [13] that evaluated children with a
mean age of seven years showed that children with SB had lower
concentrations of salivary cortisol on awakening, whereas a study
with nine-year-old children did not find an association between
salivary cortisol and SB [25]. Studies with eight- to nine-year-old
children using actigraphic monitoring of sleep showed that short
and poor sleep was related to increased cortisol levels [33e36],
and children with insomnia symptoms also had increased cortisol
levels [12]. Similarly, in our study, we found association between
cortisol levels and SB, which means that children with bruxism
had greater psychological stress than those without SB. Our results
are consistent with the literature and suggest that, under condi-
tions of psychological stress, there is an increase in cortisol levels
due to overstimulation of the HPA axis [37].

Finally, bruxism could contribute to temporomandibular disor-
ders (TMD) [38]. Kobayashi et al., [39] observed no significant dif-
ferences in the salivary cortisol between children with and without
TMD; however, case and control groups included children with
bruxism. We believe that this methodological choice made it
impossible to test the possible association between this stress
biomarker and bruxism, since the latter is a condition for the TMD
manifestation.

This study design does not allow us to draw conclusions as to
cause-and-effect relations, and represents generalizable informa-
tion for public school students. However, we have a probabilistic
sampling. The methodology of our research was conducted with
accuracy. Saliva collection used a standard protocol, and provided a
biological measure of stress. Regarding the diagnosis of SB, the
ASSM considers that although polysomnography is not required for
the diagnosis, SB is ideally recorded with masseter muscle activity
with audio-video sign to increase diagnostic reliability [1]. In a
population of children, high economic costs, limited availability,
technical requirements, and scarce evidence for its use in diag-
nosing SB limit the use of PSG [40]. Thus, similar to most studies,
reports of sleep tooth grinding by parents have been adopted to
detect SB. Despite the possible limitations, parent-reported SB is
still viewed as an acceptable means of gathering data for studies
involving large numbers of participants, such as the present one
[20]. Moreover, a dentist performed clinical evaluation of tooth
wear consistent with reports of tooth grinding during sleep.

5. Conclusion

In conclusion, a high prevalence of sleep bruxism was found
among schoolchildren. The factors associated with the occurrence
of the outcome were low socioeconomic level as well as difficulties
in sleep maintenance, activity, social rhythm, and eating patterns.
In addition, children with bruxism had higher levels of stress,
which can impair childhood development. Thus, the present study
adds to the comprehension of factors associated with SB in chil-
dren. Future investigations of endogenous biological rhythm bio-
markers could be useful.
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