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Purpose: Sleep bruxism (SB) is characterized by repetitive phasic, tonic, or mixed masti-
catory muscle activity during sleep with multifactorial etiology. Previous studies have shown
that the complex origin of SB can be related to the psychological features of the affected
individual, consumption of caffeine and alcohol, smoking, obstructive sleep apnea, diabetes,
increased body mass index, hypertension, thyroid diseases, and probable genetic vulnerabil-
ity. This study aimed to investigate the inflammatory markers, hormonal disturbances, and
sleepiness associated with SB, which have a potential effect on the total cardiovascular (CV)
risk among relatively young and healthy patients.

Patients and Methods: A total of 74 individuals with probable SB were subjected to
single-night polysomnography, followed by blood panel and 24-h urinary excretion tests. The
level of daytime sleepiness was assessed in the participants using the Epworth Sleepiness
Scale.

Results: SB was found in 78.4% of participants. The bruxism episode index (BEI) positively
correlated with the concentrations of 17-hydroxycorticosteroids, C-reactive protein, and
fibrinogen in the collected urine samples. A positive correlation was also found between
phasic BEI and glucose concentration 2 h after the consumption of glucose solution. Sleep
bruxers showed significantly increased sleepiness compared to nonbruxers (p = 0.02). The
scores on sleepiness were positively correlated with mixed BEI, minimal oxygen saturation,
and mean heart rate.

Conclusion: The results of this study revealed that participants with SB had metabolic and
hormonal disturbances, probably due to stress and sympathetic activity. Moreover, it was
found that young sleep bruxers potentially have a high CV risk due to the increased level of
inflammatory and stress markers.

Keywords: sleep bruxism, obstructive sleep apnea, polysomnography, cardiovascular
diseases, inflammatory markers

Introduction

Bruxism is a condition observed during sleep or wakefulness and has been esti-
mated to be present in 8-31% of the population worldwide." A widely accepted
international consensus by Lobbezoo et al proposed two separate definitions for this
condition,” which describes sleep bruxism (SB) as

“a masticatory muscles activity during sleep that is characterized as rhythmic (phasic)

or nonrhythmic (tonic) and is not a movement disorder or a sleep disorder in otherwise

healthy individuals*.?
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The consensus also proposed a grading system for cate-
gorizing bruxism: “possible”—grade based on a positive
interview, “probable”—grade based on a clinical examina-
tion with or without a positive interview, and “definite”—
grade based on a positive instrumental examination with or
without a positive interview and/or positive clinical
inspection.” SB is estimated to frequently occur in 13%
of adults.”? The American Academy of Sleep Medicine
(AASM) defined bruxism as “a repetitive jaw-muscle
activity characterized by clenching or grinding of the
teeth and/or by bracing or thrusting of the mandible.”
The International Classification of Sleep Disorders
(ICDS-3) subsequently proposed the following criteria
for the classification of SB: (A) regular or frequent tooth
grinding sounds produced during sleep and (B) presence of
one or more of the clinical signs that are pertinent to the
aforementioned reports of tooth grinding during sleep: (1)
abnormal tooth wear and (2) transient jaw-muscle pain or
fatigue in the morning and/or temporal headache and/or
jaw locking upon awakening.* The possible underlying
causes of SB include dysfunction of the autonomic ner-
vous system,™® autonomic response to arousal, and
impaired airway patency.” Lavigne et al reported that SB
mostly occurs during cortical recovery associated with
sympathetic activation manifested as an increased heart
rate.® The international consensus'® classified the causes
of SB into three groups: biological, psychological, and
external. The first group includes neurotransmission, cor-
tical arousals, age, and genetic components of SB.
The second group includes the important risk factors asso-
ciated with the psychological features of the individual
such as sensitivity to emotional stress'' or anxiety disor-
ders. The third group or external factors are constituted by
caffeine consumption, smoking, alcohol intake, and drug
use.'” Furthermore, the multifactorial origin of bruxism
involves medical conditions and disorders such as obstruc-
tive sleep apnea (OSA),'*'* diabetes,'* increased body

mass index (BMI), hypertension,'™'®

thyroid diseases,
sleepiness, and snoring.'”

The contraction of cardiovascular diseases (CVDs)
increases with age among patients with an established
CVD and those at an increased risk of developing a CVD.
Lifetime management of cardiovascular (CV) risk is impor-
tant for patients of all ages, especially young and healthy
ones and those who already have acquired comorbidities.'®
CVD prevention is described as a population-based strategy
or targeted individual plan that focuses on eliminating or
reducing CV morbidity and mortality as well as their related

consequences.'’ Overall CV risk is contributed by multiple
risk factors that may occur together and are specific for each
patient. Hence, the CVD prevention plan should be custo-
mized to individuals based on their CV risk. Clinicians can
assess the CV risk in an individual using many diagnostic
tools, laboratory tests, and estimation systems such as the
recommended Systematic Coronary Risk Evaluation
(SCORE) scale.”® These interventions can decrease the
fatality of CVD.?' A Cochrane review of randomized con-
trolled trials revealed that modifying the CV risk by coun-
seling or educating the general population did not reduce the
overall CV mortality, but this intervention was effective in
group diabetics.*?
Psychosocial factors and chronic emotional stress are con-

a distinct of hypertensives or
sidered when assessing both the CV risk and SB etiology. In
addition, depression and chronic stress affect homeostatic
and autonomic functions and are associated with inflamma-
tory processes and increased CV risk. The literature shows
that sleep disturbances may be associated with increased
CV risk.? It was previously indicated that increased sym-
pathetic activity leads to inflammatory process®® and is
associated with SB.® Therefore, we hypothesized that SB
may increase the CV risk by inducing the inflammatory
process. This study aimed to determine sleepiness, hormo-
nal disturbances, and inflammatory markers in individuals
with SB, which might have a potential effect on their overall
CV risk.

Participants and Methods

This study was conducted in the Sleep Laboratory of the
Department of Internal Medicine, Occupational Diseases,
Hypertension and Clinical Oncology at the Wroclaw
Medical University, Poland. Patients who were suspected
with primary bruxism were examined by qualified dentists
in the Clinic of Prosthetic Dentistry in the Department of
Prosthetic Dentistry at the Wroclaw Medical University,
Poland. All the examined individuals were diagnosed with
probable SB? based on a clinical investigation with or
without a positive interview. Participants were recruited
in the dental office, in accordance with the international
consensus on the assessment of bruxism.” A physical
extra- and intraoral examination was also conducted for
a complex assessment of the teeth and oral soft tissue for
each individual. The observed clinical symptoms included
abnormal tooth wear and damage to the dental hard tissues
(ie, cracked teeth), hypertrophy of masseter and temporalis
muscles, tongue and lip indentations, injury to the inner
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surface of the cheeks (linea alba), and repetitive damage of
restorative work or prosthodontic constructions.?

Immature patients were excluded from the study group.
In addition, the following exclusion criteria were applied:
unwillingness to provide informed consent or undergo
polysomnography; presence of secondary bruxism asso-
ciated with neurological conditions; history of treatment
with medications that can interfere with the functions of
the nervous and muscular systems; presence of severe
mental disorders, cognitive disability, or severe systemic
diseases including active malignancy; presence of neuro-
logical disorders and/or neuropathic pain; coexistence of
respiratory insufficiency or active inflammation; addiction
to analgesics and/or drugs that can affect the muscles and
breathing; or treatment with foregoing medications.

The protocol used for qualifying patients for the study
is presented in Figure 1.

Daytime sleepiness was assessed in participants using
the Epworth Sleepiness Scale (ESS), which is a simple,
self-administered questionnaire consisting of eight items
that measure a subject’s habitual chance of dozing or fall-
ing asleep in common situations. The total score is
obtained by adding up the scores of the individual items
(rated on a scale of 0-3 for each item), and the maximum

total score is 24. Scores above 10 were considered
abnormal.”® In addition, the participants were asked
a series of questions about their symptoms and comorbid-
ities, weight and height, age, and gender, with which their
BMI (calculated as weight in kilograms divided by the
square of height in meters) was determined.

Blood samples were collected from the participants by
venipuncture and analyzed at the hospital’s main labora-
tory at the University Clinical Hospital, Wroclaw, Poland.
The levels of insulin and glucose in serum were deter-
mined after 12 h of overnight fasting. Insulin resistance
(IR) was
Assessment (HOMA) index. Based on fasting plasma

measured using the Homeostatic Model

levels of insulin and glucose, the HOMA index was cal-
culated by dividing the values of fasting glucose (mmol/l)
and fasting insulin (nU/1) by constant 22.5.

The polysomnographic examination was conducted at
the Sleep Laboratory of the Department of Internal
Medicine, Occupational Diseases, Hypertension and
Clinical Oncology at the Wroclaw Medical University,
Poland. All the patients were subjected to the standardized
overnight, single-night polysomnography using the Nox-
Al (Nox Medical, Iceland) device. Polysomnograms

(PSGs) were assessed in 30-s epochs. The outcomes of

Potential study group

Patients suspected of primary bruxism

with or without a positive history

on physical examination,

Final study group

Figure | The protocol of qualifying patients for the study.
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PSG included the following: sleep latency; total sleep time
and sleep efficiency (%); the ratio of N1 (sleep stage 1),
N2 (sleep stage 2), and N3 (sleep stage 3); and the stage of
rapid eye movement sleep. Abnormal respiratory events
were scored from the nasal pressure airflow signal. Apneas
were defined as the absence of airflow for >10 s, while
hypopneas were defined as a reduction in the breathing
amplitude by >30% for >10 s with a >3% decline in blood
oxygen saturation or followed by an arousal. Sleep scoring
data and respiratory events were evaluated according to
the standard criteria of the AASM 2013 Task Force.?

SB was assessed through the electromyographic (EMG)
recordings of bilateral masseter muscle activity during sleep,
supplemented by video and audio recordings. Following the
AASM standards, the masticatory muscle activity events and
bursts clustered in bruxism episodes were scored as phasic,
tonic, or mixed. These standards recommend that the EMG
outcome measures, such as peak amplitude, must be at least
twice the basal EMG amplitude for confirming the diagnosis
of SB. The interval between two EMG bursts should not be
longer than 3 s to be considered as a part of the same episode.
During the audiovisual scoring, a sustained burst in the EMG
recording for a duration of 2 s was classified as tonic, three or
more bursts or “twitches” for over 2 s were classified as
phasic, and a mix of them was classified as a mixed episode.
These episodes were summed up and expressed as bruxism
events per hour of sleep or BEI (<2: irrelevant SB; 2—4: mild/
moderate SB; >4: severe SB).?’

Statistical analysis was performed using the statistical
program “Dell Statistica 13” (Dell Inc., USA). For quanti-
tative variables, arithmetic means and standard deviations
in the studied groups were calculated. For quantitative
independent variables with a normal distribution, the
t-test or analysis of variance (ANOVA) was used for
further statistical analysis. For quantitative independent
variables with a distribution other than normal, the
Mann—Whitney U-test or the nonparametric ANOVA
Kruskal-Wallis test was used. The results for the qualita-
tive variables are expressed as percentages. Chi-square test
was used for further statistical analysis of independent
qualitative variables. To determine the relationship
between the studied variables, correlation and regression
analyses were performed. For quantitative variables with
a normal distribution, Pearson’s r correlation coefficients
were determined, and for those with a distribution other
than normal, Spearman’s » correlation coefficients were
calculated. The model parameters in the regression analy-
sis were estimated using the least-squares method. The

results at the level of p < 0.05 were considered statistically
significant.

This study was approved by the Ethics Committee of
the Wroclaw Medical University (no. KB-195/2017) and
was conducted in accordance with the guidelines of the
Declaration of Helsinki. All the included patients gave
written informed consent. The study was also registered
in the international database for clinical studies (clinical
trial registration: NCT03083405, WMU1/2017, https://clin
icaltrials.gov/ct2/show/NCT03083405).

Results

The study group consisted of 74 Caucasian patients with
probable SB (54 women and 20 men, mean age 34.24 +
10.65 years, range 18—63 years). According to the commonly
accepted BMI ranges, 6.8% (n = 5) of patients were diagnosed
as underweight (BMI <18.5 kg/m?), 63.5% (n = 47) had
a normal weight (BMI 18.5-25 kg/m?), 20.3% (n = 15) were
identified as overweight (BMI 25-30 kg/mz), and 6.8% (n=15)
were found as obese (BMI >30 kg/m?). The demographic
characteristics of the study group are presented in Table 1.

SB was diagnosed based on the polysomnographic
findings. Almost three out of four (78.4%, n = 58) patients
met the criteria required for the diagnosis of SB, while
36.5% were diagnosed with mild bruxism (n = 27) and
41.9% with severe bruxism (n = 31).

OSA was diagnosed in 23.0% (n = 17) of the examined
patients. The condition was mild in 13.5% (n = 10), moderate
in 5.4% (n =4), and severe in 4.0% (n = 3). The results of the
laboratory studies are presented in Table 2.

Plasma lipid measurements included mean total choles-
terol level (195.76 + 39.10 mg/dl), mean triglyceride level
(112.01 £ 53.82 mg/dl), mean concentration of low-density
lipoprotein cholesterol (LDL-C; 113.51 £32.71 mg/dl), and
mean concentration of high-density lipoprotein cholesterol

Table | Demographic Characteristics of the Study Group

Age (Years) 34.24 = 10.65
Body mass (kg) 65.73 + 14.38
Height (m) 1.70 + 0.09
BMI (kg/m?) 2271 £ 3.83
Men (%) 27.0 (n = 20)
Women (%) 73.0 (n = 54)
CAD (%) 0.0 (n=0)
HT (%) 0.0 (n=0)

IR (%) 229 (n=17)

Abbreviations: BMI, body mass index (kg/mz); CAD, coronary artery disease; HT,
hypertension; IR, insulin resistance.
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Table 2 Bruxism, Respiratory, and Laboratory Mean Indices in the Study Group

Polysomnography Parameter Mean SD Laboratory Parameter Mean SD
BEI 4.56 3.54 ALT (U/1) 26.67 18.09
Phasic 1.56 2.08 AST (U/l) 24.78 8.39
Tonic 2.00 1.54 GGT (U/l) 20.78 10.58
Mixed 1.06 1.00 Creatinine (mg/dl) 0.94 0.13
AHI 5.02 8.50 Uric acid (mg/dl) 4.69 I.15
ODI 4.62 747 Urea (mg/dl) 24.39 6.66
Snore (%) 7.38 14.38 Magnessium (mg/dl) 2.06 0.12
OSA 0.36 1.75 Potassium (mmol/l) 423 0.39
MA 0.02 0.09 Sodium (mmol/l) 140.65 1.97
CA 0.26 0.45 Calcium (mg/dl) 9.18 0.22
Hypopnea 3.99 7.18 WBC (10%/1) 5.92 1.62
Cheyne-Stokes 0.70 1.84 RBC (10'%/1) 471 4.00
Mean SpO, (%) 94.78 1.80 Hemoglobin (g/dl) 13.96 1.39
Min SpO, (%) 88.72 727 Platelets (10°/1) 248.89 57.44
SpO, <90% (%) I.16 345 Microalbuminuria (mg/g) 5.42 4.80
Mean heart rate 61.65 8.17 fT3 (pg/mL) 3.24 0.30
Max heart rate 97.66 15.24 fT4 (ng/dl) 1.21 0.21
Min heart rate 48.63 7.01 TSH (uU/mL) 1.91 1.42

Abbreviations: BEI, Bruxism Episode Index; AHI, Apnea—Hypopnea Index; ODI, Oxygen Desaturation Index; OSA, obstructive sleep apnea; MA, mixed apnea; CA, central
apnea; mean SpO,, mean oxygen saturation (%); SpO, <90% (%), time with oxygen saturation <90% (% of total sleep time); ALT, alanine transaminase; AST, aspartate
transaminase; GGT, gamma-glutamyltransferase; WBC, white blood cells; RBC, red blood cells; fT3, free triiodothyronine; fT4, thyroxine; TSH, thyroid-stimulating hormone.

(HDL-C; 60.19 £ 14.61 mg/dl). The total cholesterol level
was elevated (>200 mg/dl) in 43.2% (n = 32) of the patients.
Increased triglyceride levels (>150 mg/dl) were observed in
18.9% (n = 14) of the cases, whereas elevated LDL-C
(>135 mg/dl) was found in 18.9% (n = 14). Low HDL-C,
classified as <40 mg/dl, was found in 5.4% (n=4) of the
tested patients. No statistically significant differences were
noted in any of these measurements between patients with-
out SB (BEI <2) and those with severe SB (BEI >4). The
mean concentration of LDL-C in patients with OSA
(apnea—hypopnea index (AHI) >5) was significantly greater
than that in those without OSA (126.81 + 40.47 mg/dl vs
109.77 + 29.54 mg/dl, p = 0.047). An increased mean
triglyceride value was found in patients with severe OSA
(AHI >30) as compared to those with AHI <30 (176.00 +
133.29 mg/dl vs 109.19 £ 48.01 mg/dl, p = 0.03).

The mean ESS score of the diagnosed patients was
9.90 + 4.96. Daytime sleepiness, which was identified
with a sleepiness score >10 in the ESS, was observed in
48.6% (n = 36) of the participants. A significant difference
in the ESS scores was noted between patients with SB
(BEI >2) and those without SB (10.62 + 4.72 and 7.07 +
5.03, respectively, p = 0.02). The sleepiness scores were
positively correlated with the following indices: mixed

bruxism episodes, minimal oxygen saturation, and mean

heart rate (correlation coefficients: 0.33, 0.25, and 0.24,
respectively, p < 0.05).

The comparison of bruxism and respiratory indices
between patients who reported daytime sleepiness (ESS
>10) and those without sleepiness (ESS <10) is presented
in Table 3.

The HOMA index was calculated based on the results
obtained from the analysis of carbohydrate metabolism,
the analysis of fasting glucose and insulin levels, and the
analysis of glucose and insulin level 1 and 2 h after the
intake of the glucose solution. In the entire study group,
the mean levels of fasting glucose (mmol/l), glucose 2
h after consuming the glucose solution, fasting insulin
(pU/mL), and insulin 1 and 2 h after consuming the
glucose solution were determined as 5.10 + 0.58 mmol/l,
4.90 £ 1.20 mmol/l, 8.04 = 6.96 nU/mL, 51.77 + 55.31
pU/mL, and 25.24 + 28.98 pU/mL, respectively. An ele-
vated level of fasting glucose (>5.5 mmol/l) was found in
12.2% (n = 9) of the examined patients. Based on the
HOMA indices, 13.5% (n = 10) of patients were found
to have early-stage IR (HOMA-IR >1.9), 9.5% (n =7) had
advanced IR (HOMA-IR >2.9), and 73.0% (n = 54) were
normal. The levels of glucose measured 2 h after consum-
ing the glucose solution were positively correlated with
phasic bruxism episodes (» = 0.26, p < 0.05).
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Table 3 Comparison of Bruxism and Respiratory Indices Based
on the Sleepiness Scores

Table 4 Correlation of Bruxism and Respiratory Indices with
Laboratory Findings: 17-OHCS, CRP, and Fibrinogen

Parameter ESS <10 ESS =10 p
Mean SD Mean SD

BEI 3.93 3.40 5.50 3.63 0.05
Phasic 1.36 243 1.92 1.78 0.28
Tonic 1.82 1.47 227 1.64 0.23
Mixed 0.76 0.82 1.43 1.07 0.00
AHI 5.00 833 5.56 9.21 0.79
ODI 4.34 7.14 5.28 8.24 0.6l
Snore (%) 7.69 11.01 8.10 17.67 0.91
TST (min) 417.57 56.53 424.73 64.62 0.63
SL (min) 20.41 15.76 25.47 2691 0.35
REML (min) 118.85 78.89 88.77 39.31 0.05
OSA 0.13 0.50 0.6l 245 0.27
MA 0.02 0.04 0.03 0.12 0.56
CA 0.26 0.39 0.28 0.53 0.88

Note: Statistically significant differences are marked in bold font (p < 0.05).

Abbreviations: BEIl, Bruxism Episode Index; AHI, Apnea—Hypopnea Index; ODI,
Oxygen Desaturation Index; TST, total sleep time (minutes); SL, sleep latency
(minutes); REML, rapid eye movement stage latency (minutes); OSA, obstructive
sleep apnea; MA, mixed apnea; CA, central apnea; ESS, Epworth Sleepiness Scale.

The 24-h  wurinary excretion rates of 17-
hydroxycorticosteroids (17-OHCS) were higher in 12.2% (n
= 9) of patients, whereas 62.2% (n = 46) had normal ranges
and 13.5% (n = 10) showed lower rates. The estimated mean
value was 5.86 + 3.14 mg/24 h. In patients with severe SB
(BEI >4), the level of 17-OHCS was found as 6.94 + 3.76 mg/
24 h, which was significantly higher than that in patients
without SB (5.05 £ 2.31 mg/24 h, p = 0.02). Student’s ¢-test
also revealed a statistically significant difference in the urinary
levels of 17-OHCS between patients with OSA (AHI >5) and
those without OSA (AHI <5) (8.36 + 4.12 mg/24 h vs 5.18 +
2.44 mg/dl, p = 0.01). Urinary 17-OHCS levels were posi-
tively correlated with the following indices: BEI, phasic brux-
ism episodes, oxygen desaturation index (ODI), snore, and
hypopnea (correlation coefficients: 0.27, 0.26, 0.27, 0.35, and
0.25, respectively, p < 0.05) (Table 4).

The mean concentration of CRP in the blood plasma of
the examined patients was 2.28 £ 5.15 mg/l, which was
increased by 6.8% (n = 5) of the patients. A statistically
significant difference was observed in BEI between
patients with normal CRP values and those with increased
values (4.39 + 3.43 mg/l vs 7.88 + 4.43 mg/l, respectively,
p = 0.042). Student’s t-test also revealed a significant
difference between patients with severe OSA (AHI >30)
and those with AHI <30 (15.57 + 16.62 mg/l vs 1.69 +
3.35 mg/l, respectively, p = 0.01). Patients with CRP
values >5 mg/l exhibited a significantly increased level

Parameter | 17-OHCS (mg/24 | CRP (mg/ | Fibrinogen
h) ) E:))
BEI 0.27 0.34 0.42
Phasic 0.26 0.11 0.33
Tonic 0.22 0.38 0.43
Mixed 0.18 0.39 0.18
AHI 0.23 0.36 0.26
ODI 0.27 0.48 0.33
Snore (%) 0.35 0.41 0.21
OSA 0.18 0.18 0.13
MA —0.06 -0.09 0.35
CA 0.1 —0.08 0.09
Hypopnea 0.25 0.41 0.32

Note: Correlation coefficients are marked in bold font, relevant with p < 0.05.
Abbreviations: |7-OHCS, 17-hydroxycorticosteroids; CRP, C-reactive protein;
BEIl, Bruxism Episode Index; AHI, Apnea—Hypopnea Index; ODI, Oxygen
Desaturation Index; OSA, obstructive sleep apnea; MA, mixed apnea; CA, central
apnea.

of tonic and mixed SB episodes compared to patients
with normal CRP levels (3.70 + 1.96 mg/l vs 1.88 +
1.46 mg/l, respectively, p = 0.01 for tonic; 2.02 =+
1.49 mg/l vs 1.01 £ 0.94 mg/l, respectively, p = 0.03 for
mixed). Plasma CRP levels were positively correlated with
the following indices: BEI, tonic and mixed bruxism epi-
sodes, AHI, ODI, snore, and hypopnea (correlation coeffi-
cients: 0.34, 0.38, 0.39, 0.36, 0.48, 0.41, and 0.41,
respectively, p < 0.05) (Table 4). In patients with elevated
CRP values, sleep indicators such as AHI, ODI, snore
percentage, hypopnea index, and mean desaturation drop
were significantly higher as compared to those with
a normal level of CRP (Table 5).

The mean fibrinogen concentration in the blood serum
of the patients was 2.69 + 0.57 g/l. With the normal
fibrinogen range being 1.8-3.5 g/l, 1.3% (n = 1) of the
patients had a below-normal range and 5.4% (n = 4)
showed an above-normal range, while 82.4% (n = 61) of
the patients exhibited the normal range. Fibrinogen con-
centration in patients with severe SB (BEI >4) was sig-
nificantly increased to 2.86 + 0.69 g/I, compared to those
without SB (2.58 £ 0.45 g/l; p = 0.046). Serum fibrinogen
levels were positively correlated with the following
indices: BEI, phasic and tonic bruxism episodes, AHI,
ODI, mixed apnea, and hypopnea (correlation coefficients:
0.42, 0.33, 0.43, 0.26, 0.33, 0.35, and 0.32, respectively,
p < 0.05) (Table 4).

The multivariate regression analysis showed that the
relationships between BEI and 17-OHCS, BEI and CRP,
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Table 5 Differences in Bruxism and Respiratory Indices Based
on CRP Level

Parameter CRP CRP >S5 mg/l | p

0-5 mgl/l

Mean | SD Mean | SD
BEI 4.39 3.43 | 7.88 4.43 0.04
Phasic 1.57 207 | 2.26 2.65 0.48
Tonic 1.88 1.46 | 3.70 1.96 0.01
Mixed 1.01 0.94 | 2.02 1.49 0.03
AHI 4.21 6.85 | 17.10 | 18.81 | 0.00
ODI 3.68 5.27 | 18.18 | 17.76 | 0.00
Snore (%) 5.83 11.7 | 25.42 | 30.59 | 0.00
OSA 0.29 1.80 | I.14 1.43 0.31
MA 0.02 0.09 | 0.00 0.00 0.60
CA 0.27 047 | 0.16 0.36 0.6l
Hypopnea 3.19 5.22 | 15.8 17.58 | 0.00
SpO, <90% (%) 0.78 3.10 | 3.10 5.82 0.07
Mean desaturation drop | 3.14 0.69 | 3.90 1.26 0.03
(%)

Note: Statistically significant differences are marked in bold font (p < 0.05).
Abbreviations: BEl, Bruxism Episode Index; AHI, Apnea—Hypopnea Index; ODI,
Oxygen Desaturation Index; OSA, obstructive sleep apnea; MA, mixed apnea; CA,
central apnea; SpO, <90% (%), time with oxygen saturation <90% (% of total sleep
time).

as well as BEI and fibrinogen were independent of AHI and
BMI (Table 6). A higher BEI and a higher BMI were
independently associated with a higher level of 17-OHCS
(mg/24 h), as well as with a higher level of fibrinogen (g/1).
Higher BEI and higher AHI were identified as independent
predictors of higher CRP (mg/1).

Discussion

The positive correlation between the inflammatory para-
meters (CRP and fibrinogen) and BEI is one of the most
interesting results, which has not been investigated by any
study as shown by an extensive review of the available
literature. Nevertheless, a large number of published stu-
dies have examined several risk factors for SB, including
sensitivity to stress'' or anxiety disorders, consumption of
caffeine and alcohol, smoking,12 OSA,B’14 diabetes,14
increased BMI, hypertension,'> thyroid diseases, sleepi-
ness, and snoring.!” The association between many fore-
going risk factors and inflammatory markers has been
previously reported in the literature. However, to date,
the association between SB and inflammation remains
unclear, and hence, the present paper addresses the need
for investigating the inflammatory features of SB in order
to bridge the gaps in the scientific literature. The associa-
tion between stress and inflammatory markers has been

Table 6 Results of the Regression Analysis in the Studied Group

Model for 17-OHCS (mg/24 h)

A. The model of relationship between BEI, AHI, BMI (kg/m?)
and 17-OHCS (mg/24 h)

intercept BEI AHI BMI
regression coefficient - 243 0.21 0.02 0.32
SEM of Rc 229 0.11 0.04 0.10
p value 0.29 0.04 0.67 0.01

B. The model of relationship between BEI, AHI, BMI (kg/m?)
and CRP (mg/l)

intercept BEI AHI BMI
regression coefficient -293 0.39 0.16 0.11
SEM of Re 3.62 0.17 0.07 0.16
p value 0.42 0.02 0.03 0.48

C. The model of relationship between BEI, AHI, BMI (kg/m?)
and Fibrinogen (g/l)

intercept BEI AHI BMI
regression coefficient 1.57 0.06 0.0l 0.04
SEM of Rc 0.40 0.02 0.01 0.02
p value 0.01 0.0l 0.55 0.04

Note: Statistically significant values are marked in bold font (p < 0.05).
Abbreviations: BEI, Bruxism Episode Index; AHI, Apnea—Hypopnea Index; ODI,
Oxygen Desaturation Index; BMI, body mass index (kg/m?); 17-OHCS, 17-
hydroxycorticosteroids; CRP, C-reactive protein; SEM of Rc, structural equation
modeling of regression coefficient.

well documented,”® which suggests that SB, linked with

psychoemotional emotional

11,29,30

components  (such as

stress), may also have an inflammatory etiology.
Some authors have indicated that there is a lack of
evidence on the association between SB and stress.’! For

13° could not

instance, a recent study by Ohlmann et a
prove that SB is related to chronic stress and sleep quality.
Instead, the available literature indicates that a high level
of CRP is associated with an increased risk of adverse
health outcomes such as diabetes and CVD.*? This implies
that chronic SB is associated with inflammatory markers
(as shown by the current study), which leads to increased
CV risk. However, several questions about the role of
inflammatory markers in SB remain unanswered.
Furthermore, an increased level of CRP was correlated
with AHI and other respiratory indices, and the relation-
ship between SB and AHI has been explored in earlier
studies,'***> but it is beyond the scope of the present
study. A regression analysis was conducted in this study to
compare between the SB and OSA subjects. Multivariate
regression showed that the relationships between BEI and
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17-OHCS, BEI and CRP, as well as BEI and fibrinogen
were statistically significant, independent of AHI and
BMI. A higher BEI and a higher BMI were independently
associated with a higher level of 17-OHCS (mg/24 h), as
well as a higher level of fibrinogen (g/1). Moreover, higher
BEI and higher AHI were identified as independent pre-
dictors of higher CRP (mg/l).

In line with the previous studies,*® an increased con-
centration of 17-OHCS was found to be a probable
response to stress in patients with severe SB, which has
been widely discussed in the literature.>**> In the study
performed by Fluerasu et al, the levels of salivary cortisol
were tested using the ELISA technique to investigate the
impact of stress,>> which were found to be higher in

I’ screened SB patients

subjects with SB. Smardz et a
with Perceived Stress Scale-10 and reported that the inten-
sity of SB was not statistically significantly correlated with
self-reported perceived stress and depression. The present
study was designed to test the urinary excretion rate of 17-
OHCS in order to evaluate the stress response. The level
of perceived stress reported by SB patients may contrast
with the level of stress markers in the studied SB patients,
which was confirmed by the results of the laboratory tests.
In other words, misperceived stress does not mean a lack
of metabolic stress.

This study also verified other potential CV risk factors
such as the levels of HDL-C and LDL-C and glucose
metabolism. The results showed no statistically significant
differences in the plasma lipid measurements with respect
to SB between the studied subjects. As relevant studies are
not available in the literature, it can be assumed that SB
does not affect these CV risk factors.

The analysis of the association between carbohydrate
metabolism and SB revealed a positive correlation
between phasic episodes and glucose concentration found
2 h after the glucose tolerance test. These results are an
extension of the previous report of Martynowicz et al,'*
which showed that higher AHI, male gender, and diabetes
were independent predictors of increased BEI. However,
there is limited evidence on the association between dia-
betes and bruxism. The results of this study shed new light
considered to be

on phasic SB, which is

predominant,”>"** and diabetes. Previous research on the
relationship between SB and OSA'* demonstrated the
association between hypoxia and SB. One of the interest-
ing questions arising from this finding is: does hypoxia
control the blood glucose level? Several theories have

been proposed on the association between hyperglycemia

and hypoxia in human and animal models, with some
focusing on the increased ratio of reduced and oxidized
free cytosolic NADc?7-%4

increased production of free radicals

and others analyzing the
4142 or the paradox-
ical protective effects of diabetes and brief periods of
hypoxia preceding severe hypoxia in order to attenuate
organ damage.*® Broox et al** also explored this relation-
ship in their study and showed that glucose concentration
did not vary in response to acute hypoxia after several
hours. An increase in the glucose level due to chronic
hypoxia occurred about 3 days later,*> which returned to
the normal level after acclimatization.

Another interesting result of the carbohydrate meta-
bolism analysis is that IR (assessed based on the
HOMA-IR factor) was diagnosed in 23% (n = 17) of
the patients, whereas the mean BMI was normal (22.71
+ 3.83 kg/m?). The risk of IR is significant in patients
with a BMI >25, which is the cutoff point for the risk of
being overweight according to the World Health
Organization (WHO).*® OSA, described as nocturnal
intermittent hypoxia, has been associated with an
increased risk of developing diabetes and IR. The recent
study by Perantoni et al** showed that the mean desa-
turation duration was significantly associated with IR
(r = 0.289, p = 0.047) as well as the total duration of
SpO, desaturation (» = 0.322, p = 0.025). On the other
hand, intermittent hypoxia/normoxia training was found
to have a positive effect on the reduction of serum
glucose concentration in prediabetic patients.*’

There is no evidence on the association between SB,
hypoxia, and glycemia, which requires additional studies.
Apparently, IR is associated with respiratory indices other
than SB.

Our results also demonstrated that sleep bruxers
exhibited
assessed by ESS, which is considered as an independent

significantly increased sleepiness when
prognostic factor of adverse outcome in patients with
sleep disorders. Therefore, we considered this informa-
tion significant for the assessment of CV risk. The find-
ings observed are directly in line with previous
research.*®*’ Elevated ESS scores were positively cor-
related with mixed bruxism episodes, minimal oxygen
saturation, and mean heart rate. These support the evi-
dence on the association between SB and autonomic
sympathetic activity expressed by tachycardia, which
usually precedes a bruxism episode.” The phasic SB,
as a component of mixed episodes, was positively cor-

related with minimal SatO, (blood oxygen saturation) in
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a previous study.'"* Hypoxia has been potentially linked
with the onset of a bruxism episode, and the relationship
OSA,
hypoxia is well known. According to one of the hypoth-

between excessive daytime sleepiness, and
eses associating SB with OSA, SB restores airway flow
during a respiratory event by the protrusion of the
mandible.’® As has been previously reported in the
literature, patients with severe daytime sleepiness exhib-
ited significantly lower baroreflex sensitivity and higher
heart rate variability compared to those who did not
show daytime sleepiness.*’

Together, the results of this study revealed that daytime
sleepiness is associated with an increased number of brux-
ism episodes and a higher heart rate. However, the extent
to which SB can be attributed to autonomic sympathetic
activity is unknown.

Overall CV risk is determined by many risk factors. Of
these, genetics, family history, and comorbidity of athero-
sclerotic diseases are classified as modifiable, whereas
smoking, high blood pressure, diabetes and IR, physical
inactivity, emotional stress, being overweight, inflamma-
tory markers, and high level of blood cholesterol are
recognized as modifiable.

A lifetime approach to CVD prevention is to imple-
ment lifestyle changes and medical interventions. The
associations between neuromodulatory pathways and SB
etiology are not clearly described in the available litera-
ture, but a recent study by Wieckiewicz et al* revealed the
possible contribution of genes encoding dopamine and
serotonin receptors to the etiology of SB. Moreover, the
single-nucleotide polymorphism (SNP) that affects both
SB and OSA was investigated (HTR2A serotonin receptor-
encoding gene, rs2770304 SNP). From this standpoint, the
probability of genetic vulnerability to SB and the study’s
findings on inflammatory markers emphasize the role of
SB in the etiology of unmodifiable and modifiable CV risk
factors.

One of the limitations of the present study is the sex
ratio. Firstly, there was no sex parity in the study group;
women constituted 73% of the examined population.
Secondly, to estimate the total CV risk, data on smoking
and systolic blood pressure should be included, and a lack
of these is an apparent limitation. In addition, children
were not included in the study population. Therefore
further research among children and adolescent population
is needed. A third limitation of the study is that the find-
ings are based only on single-night polysomnography.

However, it is worth mentioning that the study used
polysomnography as a diagnostic tool, which is a gold
standard for confirming the presence of SB. Moreover,
this study is the first to analyze inflammatory markers in
SB patients.

The findings of this study signal the need for additional
research on the inflammatory features of SB. The afore-
mentioned sympathetic modulatory activity of SB and the
relatively young age of sleep bruxers indicate that it is
necessary to explore the relationship between potentially
increased CV risk and SB.

Conclusion

The present study showed that sleep bruxers exhibited
increased sleepiness, as indicated by higher ESS scores.
Moreover, patients with SB had metabolic and hormonal
disturbances, which were manifested as increased levels of
17-OHCS, CRP, and fibrinogen, probably as a result of
stress and sympathetic activity. Importantly, this is the first
report to show the relationship between BEI and elevated
inflammatory markers. Therefore, further research is
needed to support the hypothesis that SB is associated
with proinflammatory features or inflammatory etiology.
The relationship between SB and disturbances in carbohy-
drate metabolism is still unclear. However, the results of
this study indicated that young sleep bruxers potentially
have an increased CV risk and therefore need special
targeted prophylaxis and care.
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