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Abstract
Background: To study the association between sleep quality and oral health related variables, which still have 
conflicts in the literature.
Material and Methods: This was a population-based case-control study between subjects with versus without 
sleep disorders from the Brazilian Public Health System (SUS), city of Maringá (N=1,643). Subjects answered 
self-reported questionnaires: a) Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD), b) 
Sleep Assessment Questionnaire (SAQ) and c) North York Dental Health Survey (NYDHS).
Results: No significant difference was found for gender, marital status, or income; however, non-Caucasians, peo-
ple with lower levels of education, and those between 20 to 50 years old had worse scores of sleep disorders in the 
SAQ. Self-perceived oral health, masticatory capacity to eat foods, and gingival bleeding was significantly worse 
among subjects with self-reported sleep disorders. Self-reported tooth loss, edentulism and use of removable par-
tial dentures (with clasps) or complete dentures showed no significant difference between groups. Self-reported 
sleep disorder subjects presented significantly higher prevalence of both self-reported tooth and TMJ pain.
Conclusions: It can be concluded that individuals with self-reported sleep disorders presented worse self-perceived 
oral health for most studied variables.
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Introduction
Sleep is comprised by different stages, and it is com-
posed of two distinct and alternating phases: a) NREM 
or non-rapid eye movement, which is also known as 
synchronized sleep, quiet, and slow wave sleep; and b) 
REM or rapid eye movement, which is active, fast, pa-
rasomnia, or paradoxical sleep (1).
Sleep is a behavioral and physiological state, gener-
ally resistant to non-mental external stimuli; however, 
in case these external stimuli become too strong to be 
ignored, a sleep disorder can be developed, which is a 
common factor in the worsening of the quality of life 
(2). Poor sleep quality may lead to fatigue, depression, 
loss of concentration, increase in irritability, and anxi-
ety (3-5). The lack of sleep can also lead to pain and an 
increase in pain sensitivity (6). In patients with acute 
pain, generally, pain is preceded by poor sleep at night. 
Patients with chronic pain show a loop system, in which 
poor sleep at night can be followed by pain in the fol-
lowing day, and high levels of pain during the day is 
frequently followed by poor sleep at night (3,6).
Poor oral and general health may also influence and be 
influenced by sleep quality (5). Sleep disorders (i.e., 
sleep breathing disorders, snoring and oral breathing 
during sleep) may affect oral health and be associated to 
gingival inflammation (5,7). Some publications associ-
ated sleep apnea and sleep disorders with periodontitis 
(8,9,10). Research suggests that complete edentulism 
and sleeping without the prosthesis also favor sleep 
breathing disorders (11,12).  Some studies demonstrated 
that obstructive sleep apnea (OSA) might be detected 
by cephalometric evaluation in edentulous patients and 
those who use complete dentures (13,14).
The objective of this article was both to study self-re-
ported sleep disorders and their associated social and 
economic factors in an adult population and to test the 
association between self-reported sleep disorders with 
self-perceived oral health related variables.

Material and Methods 
- Population, Inclusion and Exclusion Criteria
This population-based case-control study was com-
prised by subjects with ages between 20 to 65 years, 
registered users of the Brazilian Public Health System 
(SUS) in the city of Maringá, state of Paraná. The Mar-
ingá SUS database has 132,620 people from the general 
population, with an age range from 20 to 65 years of 
age. The data was collected between August 2011 and 
March 2012, and it was obtained from a previous pop-
ulation cross sectional survey in the city of Maringá, 
Brazil; using structured and valid questionnaires, and 
further detail can be found elsewhere (15).
Only those registered as active users of the Maringá SUS 
database were included to prevent duplicity of insertion, 
or inclusion of subjects who moved or passed away. Pa-

tients making use of anxiolytics, anticonvulsants, or 
opioid analgesics were excluded as well as those with 
any kind of systemic diseases, chronic pain conditions, 
or psychological disorders in the medical history (15). 
These excluding factors were selected, because they 
might have created confounders and affected the reli-
ability of the questionnaires used, considering that they 
might have interfered in the diagnosis of sleep and/or 
pain disorders (16). All self-completing questionnaires 
were given to patients by the same researcher.
- Research Questionnaires
For the data collection, only structured and validated 
questionnaires were used, which included demographic, 
socio-economic, oral health, and sleep related variables:
a) The Axis II of the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD) assesses 
pain impairment and pain related psychosocial vari-
ables (i.e., depression and somatization) and questions 
regarding to oral and general health (16). In this study, 
only questions assessing socio-economic factors related 
to oral health were used.
b) The Sleep Assessment Questionnaire (SAQ) is a self-
completing questionnaire with 17 questions, where each 
answer is scored from 0 to 4 (i.e., never, rarely, some-
times, often, always, and don’t know), giving a maxi-
mum score of 68. The higher the score, the worse is the 
sleep disorder. The cut-off point is 16 (i.e., 16 or high-
er is positive for sleep disorders), because it has been 
shown to have the highest sensitivity (0.74) and specific-
ity (0.80) when compared to polysomnography for dif-
ferent sleep disorders (i.e., non-restorative sleep and in-
somnia) (17). Subjects with a positive sleep disorder test 
result in the SAQ became the test group, while the ones 
with a negative test result, became the control group.
c) The North York Dental Health Survey (NYDHS) 
was developed for epidemiological studies on the pa-
tients’ perception of their oral health, including TMD 
signs and symptoms, bleeding gums, missing teeth, and 
capacity to chew, swallow and talk. This questionnaire 
has been successfully used for public health planning in 
Canada (18).
- Sample size calculation and statistical analysis
The final calculated number of the population-based 
case-control study yielded a total of 1,365 individuals, 
using the following parameters: prevalence of TMD = 
5% in the non-exposed group and 10% in the exposed 
group, 1:8 ratio between exposed versus non-exposed, 
type I error = 5%, type II error = 20%, statistical power 
= 80%, and power to detect a risk ratio = 2 with 95% 
confidence interval. An additional 30% was added to 
compensate for losses and missing values, giving a final 
sample size of 1,775 individuals (15). Data analysis was 
conducted using SPSS 20.0 and STATA 11.0. Univari-
ate analysis was performed using Pearson’s Chi Square 
and Linear-by-Linear Association for categorical data, 
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20 to 50 years. Besides that, significant differences were 
also found in ethnicity, which showed a higher preva-
lence of sleep disorders in non-Caucasians against Cau-
casians (32.9% versus 25.9%, respectively), and level of 
education, where the prevalence of sleep disorders was 
higher in those with incomplete high school/complete 
elementary school (24.7% versus 14.1%, respectively).
Self-perceived overall oral health and masticatory ca-
pacity related variables were measured by the North 
York Dental Health Survey, and the results are shown in 
Table 2, Table 3. In Table 2, regarding self-perception of 
oral health and masticatory capacity, it can be observed 
that 85.6% of subjects without sleep disorders classi-
fied their oral health as excellent, very good or  good, 
against 71.8% of those with sleep disorders (<0.001), 
with an increase in the chance of developing sleep dis-
orders in more than two times (adjusted OR=2.1). When 
questioned about the need to visit a dentist, the majority 
of sleep disorder subjects reported significantly higher 
need as compared to those without it, 86.8% versus 
78.0%, respectively.

while Student’s t-test was used for continuous data. In 
categorical data, crude and adjusted logistic regression 
(LR) analysis was used to calculate the risk factor of 
sleep disorders in developing oral health related prob-
lems.

Results
The final sample was comprised by 1,643 subjects due to 
a high recruitment rate (92.56%). Patients were predomi-
nantly women (65.9%), young adults (84.7%), between 20 
to 49 years of age (32.7 ± 10.3), married or single (90.6%), 
with high school or post-secondary education (79.9%).
Table 1 shows the social and demographic data from 
the RDC/TMD Axis II of subjects with sleep disorders 
versus those without measured by the SAQ. It can be 
observed that more than half (56.8%) of the studied pop-
ulation had sleep disorders. No statistically significant 
difference between genders, marital status, and family 
income was found. Significant differences were found 
in the age distribution, where the majority of those with 
sleep disorders were predominantly between the ages of 

Variables SAQ negative
(N = 709)

SAQ positive
(N = 934)

P
Value

Gender (%)
Male 32.9 35.1 NS *
Female 67.1 64.9 (0.340)

Age Group (%)

< 20 years old 10.7 6.5 < .001 †
20-29 years old 41.7 34.7 (0.000)
30-39 years old 29.2 30.6
40-49 years old 13.0 20.1
50-59 years old 5.4 7.3
≥ 60 years old 0.0 0.7

Marital Status (%)
Married 46.3 50.0 NS *
Single 46.8 38.7 (0.83)
Divorced/Widowed 6.9 11.3

Ethnicity
Caucasian 74.0 67.1 <.01 *
Black/Black Mixed 20.7 25.7 (0.003)
Asian or Native 5.2 7.2

Family Income 
(Brazilian Reais)

High (≥ 3,000,00) 11.8 13.3 NS †
High Medium (1,000,00 – 2,999.00) 37.5 33.2 (0.309)
Low Medium (500.00 – 999.00) 40.1 40.0
Low (< 500.00) 10.6 13.5

Educational Level

Complete Post-Secondary Certificate/Diploma 24.4 24.8 < .01 †
Incomplete Post-Secondary Certificate/Diploma 26.7 22.4 (0.001)
Complete High School 34.8 28.1
Incomplete High School 7.8 12.3
Elementary School 6.3 12.4

* Pearson’s Chi Square, † Linear-by-Linear Association

Table 1: Social and demographic description from the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) Axis II 
between subjects with sleep disorders measured by the SAQ cases (Sleep Assessment Questionnaire, global score 16 or higher) versus controls 
(global score less than 16) of our sample extracted from the population of the City of Maringá users of the Brazilian Public Health System (SUS), 
N=1,643.
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Variables SAQ 
Negative
(N = 709)

SAQ 
positive

(N = 934)

Odds 
ratio

(95% CI)

Adj. odds 
ratio(a)

 (95% IC)

How would you describe your 
oral health? (%)

(N = 605) (N = 668)
Excellent, very good, good = 0 85.6 71.8 2.3 2.1
Reasonable, bad = 1 14.4 28.2 (1.8 – 3.0) (1.6 – 2.7)

<.001* < 0.001 * < 0.001 *

Do you think you need to go 
to the dentist and/or to take 
better care of your teeth? (%)

Yes = 1 78.0 86.8 0.5 0.5
No = 0 22.0 13.2 (0.4 – 0.6) (0.4 – 0.7)

<.001* < 0.001 * < 0.001 *

Do you have one or more 
natural teeth or have you 
already lost all of them?

1. Have one or more natural teeth = 0 93.4 92.6 1.1 1.1
2. Have you lost all of your teeth = 1 6.6 7.4 (0.7 – 1.6) (0.7 – 1.7)

NS* NS* NS*

Do you use one or more 
removable partial dentures 
(with clasps) or complete 
dentures?

(N=688) (N=900)
Yes = 1 12.2 19.8 0.5 0.7
No = 0 87.8 80.2 (0.4 – 0.7) (0.5 – 1.0)

<.001* < 0.001 * NS*

Over the last year, have you 
lost one or more natural 
teeth?

(N=688) (N=900)
Yes = 1 10.9 12.9 0.8 0.9
No = 0 89.1 87.1 (0.6 – 1.1) (0.6 – 1.2)

NS* NS* NS*

If  yes, how many teeth have 
you lost?

(N=103) (N=130)
Mean (SD) 6.1 (5.7) 4.7 (5.3) NC NC

NS§

Are you capable of: chewing 
a piece of raw carrot,cooked 
vegetables, raw vegetables, 
meat, apple, and  hamburger?

(N=644) (N=773)
Yes = 1 90.8 82.9 2.0 1.7
No = 0 9.2 17.1 (1.5 – 2.7) (1.3 – 2.4)

<.001* < 0.001 * < 0.001 *

Do you have problems in 
chewing any other type of 
food?

Yes = 1 8.5 16.6 0.4 0.5
No = 0 91.5 83.4 (0.3 – 0.6) (0.3 – 0.7)

<.001* < 0.001 * < 0.001 *

* Pearson’s Chi Square, † Linear-by-Linear Association, § Student’s t-test 
(a) adjusted odds ratio for sex, age, marital status, ethnicity, income, and educational level. 
0 = low risk and 1 = high risk strata.

Table 2: Prevalence of the North York Dental Health Survey (NYDHS) for self-perceived oral health, number of teeth and chewing ability 
between patients with sleep disorders measured by the SAQ (Sleep Assessment Questionnaire) global score versus controls in our sample ex-
tracted from the population of the City of Maringá, users of the Brazilian Public Health System (SUS),  N=1,643. SAQ positive = global score 
equal or greater than 16.

In respect to edentulism, there was a very low and 
non-significant absolute percent difference (0.8%) be-
tween sleep versus non-sleep disorder groups. Coher-
ently, despite sleep disorder subjects presented a sig-
nificantly higher percentage of wearers of removable 
partial dentures (with clasps) or complete dentures as 
compared with those without sleep disorders (19.8% 
versus 12.2%), the adjusted OR was non-significant. In 
addition, the average number of missing teeth was also 
non-significant between sleep versus non-sleep disorder 
subjects (4.7 versus 6.1, respectively).
Regarding self-perceived masticatory capacity, the vast 
majority of subjects in both groups felt they were able to 
chew soft or hard food (i.e., raw carrot, cooked vegeta-
bles, raw vegetables, meat, apple, and hamburger); how-
ever, the group with sleep disorders reported significant-
ly more chewing problems in eating these foods than 

the those without them (17.1% versus 9.2%), increasing 
the risk of developing chewing problems in 70% (ad-
justed OR=1.7). Similarly, sleep disorder subjects also 
reported significantly more problems in eating other 
types of foods not listed above (16.6% versus 8.5%).
In Table 3, it can be observed that subjects with sleep 
disorders have shown more TMD and tooth related pain 
as well as self-reported gingival bleeding problems than 
those without them. Subjects in the sleep disorder group 
reported significantly more tooth pain than controls 
(38.3% versus 25.1%), increasing in almost two times 
the risk of developing it (adjusted OR=1.9). Similarly, 
subjects with sleep disorders also reported significantly 
more pain in front of the ear, face or cheeks as com-
pared to controls (31.6% versus 10.6%), increasing in 
four times the risk of developing pain symptoms related 
to TMD (adjusted OR=4.0).
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Variables SAQ 
negative
(N = 709)

SAQ 
positive

(N = 934)

Odds 
ratio

(95% CI)

Adj. odds 
ratio(a)

 (95% IC)
Over the last four weeks, have you had any of the problems below?
Tooth pain (after cold/hot food/beverages or sweet 
food)? (%)

No = 0 74.9 61.7 1.8 1.9
Yes = 1 25.1 38.3 (1.4 – 2.2) (1.5 – 2.4)

<.001* <.001* <.001*

Pain in front of the ear (chew/open wide) or in the 
face/cheeks? (%)

No = 0 89.4 68.4 3.9 4.0
Yes = 1 10.6 31.6 (2.9 – 5.1) (3.0 – 5.3)

<.001* <.001* <.001*

Have you had any of the problems below over the last four weeks?
Sore or bleeding gums? (%) No = 0 76.6 69.7 1.4 1.3

Yes = 1 23.4 30.3 (1.1 – 1.7) (1.0 – 1.6)
<.01* <.01* <.05*

Clicking or grinding sounds in front of the ear and 
difficulty to open your mouth?

No = 0 87.2 69.6 2.9 2.8
Yes = 1 12.8 30.4 (2.2 – 3.8) (2.2 – 3.7)

<.001* <.001* <.001*

Do you go to your dentist regurarly? 
Regularly (at least once a year) = 0 43.2 40.6 1.1 1.0
From time to time for evaluation 31.9 28.6 (1.0 – 1.2) (0.9 – 1.1)
Only when I have pain or some other problem 22.7 28.2 <.05* NS*

Never = 1 2.3 2.7
<.05*

When was the last time you went to a dentist?
In the last 6 months = 0 52.5 53.9 1.0 0.9
1 or 2 years ago 35.8 33.1 (0.9 – 1.1) (0.8 – 1.0)
3 years ago 6.1 6.0 NS* NS*

More than 3 years ago = 1 5.6 7.1
NS*

* Pearson’s Chi Square, † Linear-by-Linear Association, § Student’s t-test,
(a) adjusted odds ratio for sex, age, marital status, ethnicity, income, and educational level.
0 = low risk and 1 = high risk strata.

Table 3: Prevalence of the North York Dental Health Survey (NYDHS) for self-perceived caries, periodontal disease, oral lesions, and TMJ ar-
thritis between patients with sleep disorders measured by the SAQ (Sleep Assessment Questionnaire) global score versus controls in our sample 
extracted from the population of the City of Maringá, users of the Brazilian Public Health System (SUS), N=1,643. SAQ positive = global score 
equal or greater than 16.

Similarly and coherently, clicking and grinding sounds 
in front of the ear and difficulty to open the mouth were 
also significantly more prevalent in the sleep disorder 
group versus controls (30.4% versus 12.8%), increasing 
in almost three times the risk of developing TMJ sounds 
(adjusted OR=2.9).
Regarding the subject’s periodontal health, it could be 
observed that subjects with sleep disorders reported 
a significantly higher percentage of sore or bleeding 
gums when compared with those without sleep disor-
ders (30.3%versus 23.4%), increasing in 30% the risk of 
developing bleeding gums (adjusted OR=1.3). However, 
when subjects were asked about the frequency of visits 
to a dentist, significant difference was either not found, 
or it did not continue to be significant after controlling 
for confounders in the LR analysis, showing that indi-
viduals with sleep disorders despite reporting worse 
oral health, do not seek treatment for that.

Our adjusted LR analysis for all variables measured in 
Table 2 and Table 3 was controlled for sex, age, marital 
status, ethnicity, income, and educational level. These 
confounders did not change substantially the absolute 
crude OR described in Table 2 and Table 3 in most vari-
ables, with the exception of  frequency of attending a 
dentist and the use of removable partial dentures (with 
clasps) or complete dentures, where a significant crude 
OR was changed to a non-significant adjusted OR.

Discussion
Our data showed that individuals with non-Caucasian 
ethnicity, with lower level of education, and in repro-
ductive age (i.e., between 20 to 50 years old) reported 
more sleep disorders (Table 1). This might be due to the 
higher social and stress levels and with greater prob-
ability of developing sleep disorders in this particular 
group, which is in agreement with the reports of the lit-
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erature (19). In contrast, no significant difference could 
be found in this study regarding gender, marital status, 
and income and the presence of self-reported sleep dis-
orders. This contrasts with the literature, where studies 
have shown higher prevalence of insomnia among wom-
en, especially over the age of 40 years old, as well as in 
other sleep disorders (19,20). This might be explained, 
because in this investigation: age, marital status, ethnic-
ity, income, and educational level were controlled in the 
LR analysis; in addition, other systemic conditions were 
controlled during the inclusion and exclusion criteria, 
and they all influence sleep disorders.
From the data in Table 2, it can be interpreted that pa-
tients with reported sleep disorders reported substan-
tially more oral health problems than those without 
them. Similarly to the literature, patients who reported 
their oral health as excellent, very good or good pre-
sented lower sleep disorders scores, which reduces the 
probability of presenting poor sleep, fatigue and low 
vitality (21,22). Acar et al., showed significant positive 
correlation between the duration of snoring complaints 
with dental and oral health reports (23).
In this study, there was a higher proportion of individu-
als with total edentulism between the sleep disorder 
group as compared to the control group (7.4% versus 
6.6%, respectively); and they also had higher propor-
tion of natural tooth loss in the last year. Coherently, the 
group with sleep disorders also significantly reported 
more chewing problems in eating soft or hard food. This 
is also in agreement with the literature, where one study 
observed that a group of patients with sleep disorders 
presented reduced masticatory function due to insuffi-
cient number of teeth (7). Other studies have also shown 
that tooth loss is an oral problem that might be associ-
ated with sleep disorders, such as snoring and obstruc-
tive sleep apnea (11,12). It has been suggested that this 
happens because tooth loss produces anatomic altera-
tions that might reduce the size and function of the up-
per airway space (7). However, in one study, a low index 
of tooth loss and satisfactory masticatory function was 
observed in more than 80% of the individuals in both 
users and non-users of CPAP/BiPAP (continuous or bi-
level positive airway pressure) (24). Therefore, it is still 
unproved if tooth loss induces sleep disorders; however, 
tooth loss is related to masticatory capacity.
Higher proportion was found in this investigation re-
garding the use of removable partial dentures (with 
clasps) or complete dentures between those with sleep 
disorders versus those without them (19.8% versus 
12.2%, respectively), but the results were non-signif-
icant after controlling for confounders. The literature 
has been contradictory regarding the role of complete 
denture use and sleep quality. Emami et al. found no 
significant difference in the sleep quality or in the per-
ception of daytime sleepiness in edentulous elderly be-

tween those who wore their dentures at night and those 
who did not using self-report questionnaires for sleep 
quality and daytime sleepiness (Pittsburgh Sleep Qual-
ity Index – PSQI and Epworth Sleepiness Scale - ESS) 
(4). On the other hand, Mattia et al. evaluated the sleep 
quality and sleep apnea using objective (ApneaLink 
Plus 9.0, BiteStrip) and subjective methods (SAQ, PSQI 
-Brazilian version, and the ESS – Brazilian version) in 
patients users of mucosa-supported superior complete 
dentures against lower implant-retained complete den-
tures at night (25). The authors showed that the objec-
tive measurements of sleep bruxism activity and the 
respiratory disturbance index showed significant re-
duction (i.e., improvement) when patients did not wear 
the maxillary complete dentures. The subjective mea-
surements of sleep quality and self-reports of SB activ-
ity showed no significant differences between wearing 
and not wearing maxillary complete dentures at night 
(25). Therefore, more studies using objective measures 
of sleep disorders in a sleep laboratory should be per-
formed to clarify this topic.
From Table 3, it can be observed in this investigation 
that patients with sleep disorders showed higher levels 
of tooth pain and pain in front of the year suggestive of 
TMD. In a recent population study, self-reported sleep 
disorders using the SAQ were correlated with TMD, and 
the authors found that individuals with TMD presented 
higher prevalence of sleep disorders in all RDC/TMD 
axis I sub-groups (i.e., myofascial pain and arthralgia/
osteoarthritis/osteoarthrosis), with the exception of disc 
interference disorders due to the lower pain intensity 
in this sub-group (26). Similarly, the best predictors 
of musculoskeletal pain are: individuals with 30 to 39 
years of age, with high body mass index, with low so-
cio-economic level, without physical activity, with non-
restorative sleep, with daytime sleepiness, with anxiety 
and depression symptoms, and with low quality of  life 
(27). These data in combination, might lead to the con-
clusion that chronic pain might be associated with poor 
sleep, and this association might develop a loop, where 
one disease might increase the other (1,3).
In this study, subjects with sleep disorders presented 
higher percentages of self-reported gingival bleeding 
when compared to those without sleep disorders. This is 
in agreement with the literature, where Individuals with 
self-reported sleep disorders have shown higher levels 
of gingival inflammation than those without, which 
might increase the risk of periodontal disease (7,9,28). 
Other authors also confirmed the relationship between 
the severity of periodontitis and the amount of dental 
plaque in subjects with obstructive sleep apnea (29,30). 
Nizam et al. found similar results, despite finding non-
significant differences in the periodontal clinical mea-
surements between patients with obstructive sleep ap-
nea versus those without it (8). The possible reasons for 
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these findings is the fact that sleep disorders change the 
immune system and induce a systemic inflammation 
(9). The salivary levels of IL-6 and IL-33, which regu-
lates the cell recruitment in the transition from acute 
to chronic inflammation, are susceptible to increase in 
patients with obstructive sleep apnea, regardless of the 
severity of the periodontal disease; in addition, their 
concentration might present a role in the pathogenesis 
of periodontal disease in these patients (8).

Conclusions
Based on the findings in this investigation, it can be 
concluded that subjects with self-assessed poor oral 
health related variables (i.e., tooth and TMD pain, de-
creased masticatory capacity in chewing soft or hard 
food, gingival bleeding, and need for oral care from a 
dentist) also reported significantly more sleep disorders. 
However, no significant difference was found for self-
assessed edentulism, tooth loss, and use of removable 
partial dentures (with clasps) or complete dentures.
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