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Abstract 
Background: A study is made of dental caries in a group of adults with sleep apnea-hypopnea syndrome (SAHS), 
establishing comparisons with healthy individuals corresponding to the same population.
Material and Methods: A case-control series was analyzed, including patients with recently diagnosed SAHS and 
individuals without SAHS. Dental examinations were made to record the DMF (decayed, missing, filled) dental 
score, and demographic, lifestyle and clinical data were collected.
Results: A total of 114 participants (60 SAHS cases and 54 controls) were included in the study. Although the mean 
DMF score in the SAHS group was higher than in the control group (7.03 versus 4.81, respectively), the multiva-
riate regression analysis did not find the difference to be statistically significant (p=0.351). However, a significant 
correlation was observed between the DMF score and age (r=0.41; p<0.001) and the apnea-hypopnea index (AHI)
(r=0.31; p=0.003).
Conclusions: Older age and greater severity of SAHS are associated to higher DMF scores. However, the diagnosis 
of SAHS alone does not influence dental caries status.
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Introduction
Sleep apnea-hypopnea syndrome (SAHS) is increasin-
gly common in our setting (1). Repeated total or par-
tial interruption of breathing during sleep is associated 
to numerous comorbidities, particularly of a cardiovas-
cular, metabolic and neurocognitive nature (2). More 
recent studies have also examined the relationship be-
tween SAHS and certain oral diseases such as periodon-
titis (3) and bruxism (4). Sleep apnea-hypopnea syndro-

me is more common in men, postmenopausal women 
and obese individuals (5). Likewise, certain anatomical 
and functional characteristics of the oral cavity may pre-
dispose to SAHS, such as macroglossia, an enlarged soft 
palate or uvula, or mouth breathing (6-8).
Dental caries is a chronic, multifactorial infectious di-
sorder characterized by demineralization of the hard 
tissues of the tooth secondary to acid attack produced 
by the bacteria contained in the biofilm as a result of 
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fermentation of the carbohydrates in the diet (9). Saliva 
plays a crucial role in protecting against caries (10). For 
this reason, patients with dry mouth are at an increased 
risk of developing dental caries (11).
The fact that patients with SAHS have an increased pre-
valence of dry mouth (12) could suggest that such indi-
viduals have a higher risk of suffering caries. Few stu-
dies have examined this possible relationship, however, 
and only one has been made in adults (13). Acar et al., 
in a Turkish study, concluded that SAHS does not affect 
dental condition (13). However, these results might not 
be extrapolable to our population, due to the socioeco-
nomic and cultural differences between the two settings.
The present study based on the DMF (decayed, missing, 
filled) dental score was carried out to evaluate den-
tal health in a group of adults recently diagnosed with 
SAHS in a public hospital in Valencia (Spain), establi-
shing comparisons with healthy individuals correspon-
ding to the same population.

Material and Methods
-Study design and participants
A prospective, cross-sectional case-control study was 
carried out to compare dental caries in a group of pa-
tients with SAHS (group SAHS) versus a group of heal-
th individuals (control group). The participants in the 
study were recruited from the Ear, Nose and Throat, 
Pneumology and Dentistry Departments of Doctor Peset 
University Hospital (Valencia, Spain).
The SAHS group comprised patients with a recent (< 12 
months) diagnosis of SAHS based on the polysomno-
graphy (PSG) or respiratory polygraphy (RP) findings, 
with an apnea-hypopnea index (AHI) > 15/h or AHI > 
5/h plus associated symptoms (14). Based on the AHI, 
the patients were divided into three subgroups: mild 
SAHS (AHI 5-14/h), moderate SAHS (AHI 15-29/h) 
and severe SAHS (AHI ≥ 30/h). The control group in 
turn consisted of individuals without SAHS that were 
accompanying patients visiting the dental outpatient cli-
nic. 
Patients under 25 and over 75 years of age were exclu-
ded, as were those with fewer than 14 permanent tee-
th (excluding third molars), diabetic individuals with 
poor blood glucose control (glycosylated hemoglobin 
(HbA1c) ≥ 7%), subjects with acute infectious or inflam-
matory disorders, patients receiving treatment with an-
tibiotics and/or systemic antiinflammatory drugs in the 
last 3 months, those subjected to dental treatment in the 
last 3 months, and pregnant or nursing women.
The study was carried out in abidance with the ethical 
principles of the Declaration of Helsinki regarding re-
search in human subjects, and with the STROBE (Stren-
gthening the Reporting of Observational Studies in Epi-
demiology) guidelines (15). Likewise, the study was 
approved by the Clinical Research Ethics Committee of 

our hospital (Ref.: 15/16). All the participants gave writ-
ten informed consent to participation in the study.
-Data collection
An interview was first carried out to compile demogra-
phic data (age and gender) and a general medical history 
(past and current disease conditions, allergies, regular 
medication and toxic habits: smoking and alcohol). The 
subjects were also questioned about oral hygiene (fre-
quency of brushing, date of last visit to the dentist, and 
presence of bleeding during brushing). The body mass 
index (BMI) was calculated for all participants as body 
weight (kg)/height (m)2.
With regard to the sleep history, the AHI was known in 
all the individuals belonging to the SAHS group, and 
was determined by PSG or RP (14). In the control group, 
SAHS was discarded based on clinical criteria: absence 
of snoring plus absence of daytime sleepiness as defined 
by a score of under 10 on the Epworth scale (16). Fur-
thermore, home RP was carried out in one-half of these 
subjects, with the recording of AHI < 5/h in all cases.
All the dental explorations were made by a single ex-
perienced and calibrated dentist in the facilities of the 
Department of Dentistry (Doctor Peset University Hos-
pital, Valencia, Spain), based on a standardized protocol 
and always under the same conditions. The evaluation of 
dental caries was based on the DMF (decayed, missing, 
filled) score (17) - the most widely used epidemiologi-
cal index for establishing dental caries status in a given 
population group. The score sums the total number of 
decayed (D), missing (M) and filled teeth (F), and this in 
turn is divided by the number of subjects in the group. 
The presence of caries was taken to correspond to IC-
DAS codes 4, 5 and 6. A code of 4 defines a dark den-
tin shadow beneath the enamel layer; a code of 5 co-
rresponds to an enamel cavity with visible dentin; and 
a code of 6 indicates an extensive cavity with visible 
dentin (18). In addition to the DMF score, we considered 
the value of each of the components (D, M and F) con-
sidered individually.
-Statistical analysis 
The descriptive statistical analysis reported the mean, 
standard deviation (SD), minimum and maximum, and 
median for continuous variables, while categorical va-
riables were expressed as absolute frequencies and per-
centages. Analysis of the homogeneity of the groups 
was based on the Student t-test for independent samples 
(continuous variables) and the chi-squared test (cate-
gorical variables). Comparisons between groups were 
made using the Student t-test for independent samples. 
Analysis of covariance (ANCOVA) was performed to 
evaluate the mean caries scores according to the group 
involved, adjusting for variables of the subject profile. 
Correlations between different parameters and the DMF 
score were established using the Pearson correlation co-
efficient.
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Statistical significance was considered for p < 0.05. The 
SPSS version 18.0 statistical package (IBM SPSS Statis-
tics Inc., Chicago, IL, USA) was used throughout.

Results
A total of 114 subjects were studied (57 men and 57 
women), with a mean age of 52.9 ± 10.2 years (range 
27-71). The participants were divided into two groups 
according to whether SAHS was diagnosed or not (n=60 
and n=54, respectively). The discrepancy in size between 
the two groups (both of which initially comprised 57 in-
dividuals) was due to the fact that at the time of control 
RP, three of the controls were found to have SAHS and 
therefore changed group. In the SAHS group, the mean 
AHI was 24.9/h. Specifically, 15 subjects (25%) had 
mild SAHS (AHI: 5-14/h), 24 (40%) moderate SAHS 
(AHI: 15-29/h), and 21 (35%) severe SAHS (AHI ≥ 30). 
Table 1 shows some of the demographic and clinical cha-
racteristics of the study sample. The SAHS patients were 
somewhat older (SAHS: 55.4 ± 8.2 years; control: 50.1 
± 11.5 years; p=0.007), and had a higher BMI (SAHS: 
29.9 ± 4.1 kg/m2; control: 23.9 ± 2.9 kg/m2; p<0.001). 
In contrast, the two groups were homogeneous in ter-
ms of gender distribution (p=0.708), diabetes melli-
tus (p=0.056), smoking (p=0.256) and alcohol intake 
(p=0.248). With regard to oral hygiene, the patients with 
SAHS showed a lower brushing frequency (p=0.023), 
and had visited the dentist more often in the last year 
(p=0.014). In relation to the presence of bleeding du-

Variables Control (n=54) SAHS (n=60) P-value
Age: years 50.1 ± 11.5 55.4 ± 8.2 0.007** (t)

Gender: males (%) 26 (48.1) 31 (51.7) 0.708 (Chi2)
BMI (kg / m2) 23.9 ± 2.9 29.9 ± 4.1 <0.001*** (t)
Obesity: yes (%) 2 (3.7) 28 (46.7) <0.001*** (Chi2)
Smoking: yes (%)
 active 18 (33.3) 12 (20) 0.256 (Chi2)
 ex-smoker 10 (18.5) 15 (25)
 non-smoker 26 (48.1) 33 (55)
Alcohol: yes (%)
 active 25 (46.3) 27 (45) 0.248 (Chi2)
 ex-drinker 0 (0) 3 (5)
 non-drinker 29 (53.7) 30 (50)
Diabetes mellitus: yes (%) 6 (11.1) 15 (25) 0.056 (Chi2)
Brushing frequency: over once a day (%) 47 (87) 39 (65) 0.023* (Chi2)
Last visit to dentist: < 1 year (%) 20 (37) 36 (60) 0.014* (Chi2)

Bleeding on brushing: yes (%) 21 (38.9) 25 (41.7) 0.763 (Chi2)

ring brushing, the figures were seen to be similar in both 
groups (SAHS: 41.7%; control: 38.9%; p=0.763).
The mean DMF score in the SAHS group was greater 
than in the control group (7.03 versus 4.81, respecti-
vely). This comparative increase was attributable to a 
larger number of teeth with caries (D) and missing teeth 
(M) due to caries (Table 2). The Student t-test for inde-
pendent samples indicated a higher mean DMF score in 
the SAHS group (p=0.007). However, the multivariate 
regression model showed the true determinant of the 
DMF score to be the age of the individual (p<0.001), 
thereby neutralizing the purported influence of the diag-
nosis of SAHS (p=0.351) (Fig. 1). In other words, older 
age was associated to higher DMF scores. For one same 
age, no differences in DMF score were observed be-
tween the subjects with and without SAHS. With regard 
to the individual components of the index, no significant 
association was observed between the mean number of 
caried teeth (D) and age (p=0.115).
Table 3 describes the correlations between the DMF in-
dex (and its individual components) and AHI, age and 
BMI. The DMF score showed a statistically significant 
correlation to AHI (r=0.31; p=0.003) and age (r=0.41; 
p<0.001), and a close to significant correlation to BMI 
(r=0.18; p=0.054) (Fig. 2). 

Discussion
In the present study, worse caries disease was observed 
in the population with SAHS than in the healthy sub-

Table 1: General characteristics of the study sample (SAHS versus control).

*p<0.05; **p<0.01; ***p<0.001; BMI (body mass index)
Results: Chi2 and Student t-test for independent samples (t) 
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FMF parameters Total (n=114) Control (n=54) SAHS (n=60) P-value (univariate 
analysis)

p-value (
multivariate analysis) †

DMF index 5.98 ± 4.39 4.81 ± 4.54 7.03 ± 4.01 0.007** 0.351
D (decayed teeth) 1.05 ± 1.45 0.72 ± 1.45 1.35 ± 1.72 0.018* 0.059

M (missing teeth) 2.14 ± 2.28 1.31 ± 1.75 2.88 ± 2.46 <0.001*** 0.141
F (filled teeth) 2.75 ± 2.91 2.78 ± 3.31 2.72 ± 2.52 0.911 0.484

Table 2: DMF scores (SAHS versus control).

*p<0.05; **p<0.01; ***p<0.001
† Adjusted for age and body mass index

Fig. 1: Relationship between DMF score and age (SAHS versus control).

DMF parameters AHI Age BMI
DMF index r=0.31; p=0.003** r=0.41; p<0.001*** r=0.18; p=0.054

D (decayed teeth) r=0.09; p=0.372 r=0.20; p=0.030* r=0.07; p=0.419
M (missing teeth) r=0.25; p=0.019* r=0.43; p p<0.001*** r=0.27; p=0.004**
F (filled teeth) r=0.23; p=0.026* r=0.17; p=0.069 r=0.01; p=0.938

Table 3: Correlation between DMF score and AHI score, age and  BMI.

*p<0.05; **p<0.01; ***p<0.001
AHI: apnea-hypopnea index; BMI: body mass index
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jects, though this difference is more attributable to the 
fact that the individuals with SAHS were comparatively 
older, than to the diagnosis of SAHS itself. In addition to 
age, a direct correlation was observed between the DMF 
score and AHI. Accordingly, the severity of dental caries 
was seen to increase with older age and greater severity 
of SAHS. To the best of our knowledge, this is the first 
study to describe a correlation between the DMF score 
and the apnea-hypopnea index (AHI).
Oral health in patients with SAHS has been previously 
studies in positive airway pressure patients (continuous 
positive airway pressure (CPAP), bilevel positive airway 
pressure (BiPAP)) (19). In the latter study, no differen-
ces were recorded with respect to the controls. Howe-
ver, the authors did not evaluate any dental caries index. 
Mouth breathing, which is very common in patients with 
SAHS, results in increased dry mouth (20), and the latter 
is known to have a negative impact upon dental heal-
th (10). The role of saliva in protecting against caries 
can be explained in terms of the dilution and elimina-
tion (clearance) of sugars and other substances; buffer 
action; dental hard tissue demineralization – reminerali-
zation balancing effects; and antimicrobial activity (21). 
To date, only three studies have explored the possible 
association between caries and SAHS: two in the pedia-
tric population (22,23) and one in adults (13).
In relation to the subjects investigated in our study, i.e., 
adults with SAHS, Acar et al. (13) evaluated the dental 
condition of 291 patients diagnosed on the basis of the 
polysomnographic findings with either SAHS (250 pa-
tients) or primary snoring disorder (40 patients) – the 
latter constituting the control group. Both groups yiel-
ded a very similar DMF score (mean 10.6 ± 6.50). The 
authors possibly would have obtained different results if 
the controls had been non-snoring healthy individuals, 
as in our study, since snorers are less likely to be mouth 
breathers. In support of this, the mentioned investigators 
recorded a positive correlation between the DMF score 
and the duration of snoring. In contrast to our own study, 
they recorded no correlation between the DMF score 
and AHI - though both studies coincided in identifying 
a direct correlation between the DMF score and the age 
of the subject. These results referred to age underscore 

Fig. 2: Bivariate correlations between DMF.

what we regard as one of the inconveniences of the DMF 
index, namely the fact that it not only measures current 
caries status but also past caries experience; accordingly, 
since older individuals are more likely to have experien-
ced caries at some point in the past, they consequently 
also yield a higher DMF score. This aspect is important 
in patients with SAHS, since the risk of the syndrome is 
known to increase with age (5). Another inconvenien-
ce of the DMF index is referred to component M (mis-
sing teeth), since patients are not always able to recall 
whether a given tooth was lost because of caries or as 
a consequence of some other circumstance (periodonti-
tis, traumatism, orthodontics). In this respect, the higher 
prevalence of periodontitis (and the consequent greater 
number of missing teeth) in patients with SAHS (3) 
could mask the impact of this variable. The same pro-
blem can occur with regard to component F (filled tee-
th), since caries disease is not necessarily the reason for 
dental restoration in all cases. Accordingly, the increased 
prevalence of bruxism and dental wear in these patients 
(4,24) could justify the greater need for restorative treat-
ments, with a consequent greater number of fillings.
On considering the individual components of the DMF 
score, component D (decayed teeth) was not signifi-
cantly influenced by age (p=0.115), though a certain 
trend towards significance was observed in the case of a 
diagnosis of SAHS (p=0.059). In this respect, the lesser 
brushing frequency recorded in the SAHS population 
of our series (p=0.023) might lie behind this observed 
trend. Nevertheless, we observed no correlation between 
component D and the AHI (p=0.372); the correlation be-
tween the DMF score and the AHI was thus established 
at the expense of the number of teeth missing becau-
se of caries (p=0.019) and of the number of filled teeth 
(p=0.026).
In conclusion, caries status in the patients diagnosed 
with SAHS was poorer than in the healthy controls, but 
this difference was more conditioned by the fact that the 
patients with SAHS were comparatively older than by 
the actual diagnosis of the syndrome. Likewise, in the 
patients with SAHS, a statistically significant associa-
tion was observed between the DMF score and age and 
the AHI score.
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