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Abstract
Objectives The aim of this study was to assess the relation-
ship between tooth loss, toothbrushing behaviour, diabetes
type 2 (DM2), obesity and sleep apnea among diabetics.
Material and methods DM2 patients (n0165) in Istanbul,
Turkey, were randomly selected from the outpatient clinics of
two hospitals. Baseline clinical measurements (HbA1c, fasting
blood glucose, high-density lipoprotein (HDL), low-density
lipoprotein (LDL), body mass index (BMI), body-fat propor-
tion, tooth loss) and self-administered questionnaires (tooth-
brushing, gingival bleeding, sleep apnea) provided data for
factor and principal component analysis with Varimax rotation.
Univariate statistics and chi-square tests were derived.
Results Mean maxillary tooth loss (4.49±3.69 teeth) was
higher than in the mandible (3.43±3.12 teeth, p<0.001).
Favourable HDL was measured among most patients
(77 %); other favourable clinical measures occurred only
in a minority of participants (HbA1c, 28 %; fasting blood
glucose, 17 %; LDL, 30 %). Twice daily toothbrushing was
reported by 33 % (17 %) for healthy BMI; 37 % when
healthy body-fat proportions. There was risk of sleep apnea
in 37 %. The higher number of lost teeth in the maxilla was
linked with obesity and sleep apnea. Non-daily

toothbrushers were more likely to have high LDL and low
HDL cholesterol and a higher risk of sleep apnea. When “at
least occasionally” bleeding on toothbrushing occurred,
higher HbA1c levels and sleep apnea were more likely.
Conclusion Oral care with early diagnosis and monitoring
of glycaemic level can help prevent complications of DM2.
Clinical relevance Dentists may play a key role in better
managing and diagnosing sleep apnea early by referring the
patients with severe tooth loss and periodontal disease for
general medical examination.
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Toothbrushing

Oral diseases (dental caries and periodontal diseases), dia-
betes type 2 (DM2) and obesity, largely preventable chronic
diseases, are claimed to be present at pandemic levels and
have severe consequences [1–4]. WHO has called for global
action to prevent these diseases, a vital need requiring
urgent investment [1, 3].

Current scientific evidence suggests that oral diseases,
DM2, and obesity share common risk factors (poor dietary
habits, a sugar-rich diet, smoking) [5–9] and biologic mech-
anisms [10–15]. Periodontal disease, one of the most com-
mon oral diseases, is a major cause of tooth loss. Studies
establishing the relationship between DM2, periodontal
health and subsequent tooth loss have been widely reported
[16–18]. Obesity is a significant risk factor for DM2 and
periodontal diseases [12, 13] and tooth loss [19, 20].
However, there has been no study, to our knowledge, on
the links between DM2 and obesity and tooth loss.

Obstructive sleep apnea (OSA) is a common and treat-
able form of sleep-disordered breathing involving upper
airway collapse during sleep [21]. Obesity is recognized as
the strongest risk factor for OSA [22, 23]. It is unknown
whether DM2 contributes to the development or aggravation
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of OSA, although this is likely [21]. Conversely, OSA may
be a risk factor for DM2; strong evidence suggests that OSA
may increase the risk of developing DM2. Tooth loss may
favour the occurrence of OSA; the absence of teeth produces
prominent anatomical changes that may influence upper
airway size and function, such as loss of the vertical dimen-
sion of occlusion, reduction of the lower face height and
mandible rotation [24]. The role of tooth loss in OSA has
been a neglected issue.

The present study aimed to assess the links between tooth
loss, oral health behaviour, DM2, obesity and sleep apnea
among patients with DM2.

Methodology

The present study is part of a prospective three-stage
(baseline initiation, maintenance and follow-up) inter-
vention study among DM2 patients, Istanbul, Turkey
(n0200), who were randomly selected from the outpa-
tient clinics of two hospitals. The power and sample
size is calculated by G*power (effect size, w00.5–0.7,
α err prob00.05, power (1−β err prob)00.95) [25]. The
eligibility criteria for the patients were age 30–65 years
with at least four functional teeth, no psychological
treatment and no hospitalization.

The data in the present study come from the baseline
measurements. The data for the prospective study were
collected initially and at the end of each of the three stages
by (1) clinical measurements (body mass index (BMI),
body-fat proportion, oral health) and (2) self-assessed ques-
tionnaires (including health behaviour questions and modi-
fied scales from well-known and widely used scales, e.g.
PAID [26] and WHOQL-Bref [27]).

Ethical approval and written permission were granted by
the Ministry of Health to conduct the study. The research
was announced at the outpatient clinics by pamphlets, bro-
chures, physicians and the head nurses. At baseline, patients
interested in participating in the study were selected accord-
ing to the eligibility criteria. Verbal and written information
about the study were provided and then informed consent
was obtained from patients. Afterwards, self-assessed ques-
tionnaires were distributed and collected on the same day.
Following this step, participants were invited to the clinics
for oral (caries and periodontal diseases) and general health
examination (BMI, body-fat proportion) for the following
week. Of the participating patients (n0178, 89 % of the
total), 95 % (n0170) answered the questionnaires and 93 %
(n0165) participated in oral examinations. The character-
istics of the participants are shown in Table 1.

Back-translation to and from Turkish was done for health
behaviour questionnaires by two native speakers to ensure
comparability with the original forms in English. The

variables extracted for analysis from the main intervention
study were as follows:

1. Number of teeth lost, measured by the oral examina-
tions: The number of teeth missing was recorded from
the records of oral health examinations in the main
study, which included examination of dental health
status according to the International Caries Detection
System criteria [28] and periodontal health by the Com-
munity Periodontal Need Index (CPI) and Periodontal
Attachment Loss (PAL) [29]. All dental examinations
were carried out by two dentists (Oktay I and Cinar AB),
both with previous experience and accreditation in dental
public health, and one periodontologist, (İlhan D) who
was accredited in the measurement of CPI and PAL.

The numbers of missing teeth in each dental arch were
categorised as two separate variables, and the sum of
missing teeth was used to generate a third variable, “total
loss”. For further analysis, variables were dichotomized
using the means as cut points; the categories were “below
mean”00 and “mean and above”01.

2. Oral health behaviour: Self-reported toothbrushing fre-
quency (TB) and gingival bleeding on the question-
naires were determined as follows: “How often do you
brush teeth?” and “Have you ever observed your gums
bleeding whilst brushing your teeth?” These measures
were recorded on a five-point Likert scale ranging from
“never” to “twice daily” and “always” to “never”. Self-
reported TB was reclassified into “less than once a day”,
“once a day” and “twice a day”. Self-reported gingival

Table 1 Background characteristics of the participants (n0165)

N (total) n Percentage

Gender 165

Female 103 62

Male 62 38

Age (years) 165

30–39 17 10

40–49 33 20

50–59 81 49

60–69 34 21

Current employment 159

Housewife or retired 123 77

Employed 36 23

Clinically diagnosed history of diabetesa 128

<12.3 years 86 67

≥12.3 years 42 33

Smoking habits 151

Non-smokers 126 84

Smokers 25 16

aMean012.3 years
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bleeding was classified into three categories: “never”,
including “never or rarely”, “occasionally” and “usually”,
consisting of “usually” or “always”. For further analysis,
the variables were dichotomized (brushing daily00 vs.
brushing less than daily01, gingival bleeding rarely00
vs. gingival bleeding at least occasionally01).

3. Diabetes management: Glycated haemoglobin (HbA1c)
results are expressed as the proportion of haemoglobin
that is exposed to glucose [30]. Taking the target levels
(HbA1c, <6.5 %; fasting blood glucose, <110 mg/dl;
high-density lipoprotein (HDL), >39 mg/dl and low-
density lipoprotein (LDL), <95 mg/dl) [30] as the cut
points, the respective variables taken from the most
recent health records were dichotomized as “favour-
able”00 and “unfavourable”01.

4. Obesity: BMI was measured by the Tanita TBF-300-A
Body Composition Analyzer and Scale. Weight and
height, as anthropometric measures, were used to deter-
mine BMI [(weight in kilograms)/(height in metres)2]. A
specifically trained researcher (AB Cinar) under the su-
pervision of clinically accredited head nurses measured
height to the nearest 0.1 cm according to accepted stand-
ards, using a portable stadiometer, in the outpatient clin-
ics. In brief, the patients stood straight, with bare feet
placed together and flat on the ground, arms loose and
relaxed with the palms facing medially. Body weight was
measured to the nearest 0.1 kg, with patients lightly
dressed in bare feet, by Tanita TBF-300-A. Tanita TBF-
300-A uses foot-to-foot bioelectrical impedance analysis
to measure patients’ body composition (body weight,
impedance, body-fat proportion, BMI, lean mass). For
foot-to-foot BIA conduction, patients stood erect with
bare feet on the analyser footpads. According to the
current World Health Organization BMI cutoff points
[31], BMI was categorised as follows: <18.49 kg/m2

(underweight), 18.5–24.9 kg/m2 (normal/healthy range),
25.0–29.9 kg/m2 (overweight/pre-obese), 30.0–34.9 kg/
m2 (obese class I), 35–39.9 kg/m2 (obese class II) and
40.0 kg/m2 (obese class III). There were no patients in the
underweight category; those who were overweight and
obese (classes I–III, 29.4 %, 12.5 % and 7.5 %, respec-
tively) were classified as obese for further analysis.

The body-fat proportion was also measured by the
Tanita TBF-300-A, and the ideal range proportions were
specified for gender, age and height and digitally calcu-
lated by the apparatus. Therefore, a patient’s body-fat
proportion was compared with his/her ideal value, and
in further analysis, this was recorded as a new variable,
“ideal fat” (yes00 vs. no01-over fat-); there were no
patients with body-fat proportions under the ideal range.

5. Sleep apnea probability was assessed by four questions
which were recorded using a five-point scale (00“never”,
10“seldom”, 20“sometimes”, 30“often”, 40“very

often”): (a) “How often do you wake up during the
night?”; (b) “Do you feel excessively sleepy during the
daytime?”; (c) “Do you snore loudly?”; and (d) “Do you
fall asleep involuntarily during the daytime?” Based on
earlier studies by Tuomilehto [32] and Partinen [33], the
sum of these four questions was used to estimate sleep
apnea probability. For further analysis, the variable was
dichotomized using the mean (7.69) as the cut point. The
categories were moderate risk (below mean, score 0) and
high risk (mean or above, score 1).

Statistical methods

Factor analysis was applied to these variables using princi-
pal component analysis and Varimax rotation to analyse the
interrelationships and common underlying dimensions
among dental health, obesity and lifestyle factors by classi-
fying these variables into discriminative clusters, so called
components, based on their factorial loadings, ranging from
the highest to the lowest values, among patients with DM2.
Factors were extracted according to meeting the Kaiser
criterion of eigenvalue>1.

Descriptive statistics, frequency distributions and the
contingency coefficient for determining associations be-
tween variables were applied. In addition, chi-square tests
by cross-tabulation were applied to compare proportions
and corresponding odds ratios were calculated. Statistical
significance was set at p<0.05.

Results

The mean number of teeth lost was 7.92 (±6.04); the mean
in the maxilla (4.49±3.69 teeth) was significantly higher
than in the mandible (3.43±3.12 teeth, p<0.001). The mean
for HbA1c and fasting blood glucose were respectively 7.5
(±1.65) and 162.2 (±69.7). Favourable clinical measures
(HbA1c<6.5 %, fasting blood glucose<110 mg/dl, HDL>
39 mg/dl and LDL<95 mg/dl) were reported among a minor-
ity of patients (HbA1c028 %, fasting blood glucose017 %,
LDL030 %), except that a majority of patients reported
favourable HDL (77 %).

More than half of the patients brushed their teeth at least
once a day (60 %; daily, 33 %; two or three times daily, 27 %;
Table 1). Self-reported gingival bleeding “at least occasional-
ly” was reported by 66 % of the participants. Among these,
those brushing their teeth less than daily were more likely to
have bleeding on brushing (45 %) compared with once-daily
(34%) and twice-daily toothbrushers (21%, p<0.001). Tooth-
brushing frequency was negatively correlated with fasting
blood glucose (rs0−0.18, p<0.005) and positively with
HDL (rs00.23, p<0.001).
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A minority of patients had healthy BMI (17 %) and
ranged within the healthy body-fat proportions (37 %).
The mean BMI was 30.59 (±5.77) and the mean for
body-fat proportion was 27.75 (±11.77). BMI was pos-
itively correlated with body-fat proportion (rs00.85, p<
0.001). BMI and ideal body-fat proportion were posi-
tively correlated with HbA1c (rs00.24, p<0.001; rs0
0.20, p<0.05). BMI was negatively correlated with
HDL (rs0−0.25, p<0.005). The same association was
observed between HDL and fasting blood glucose level
(rs0−0.27, p<0.001).

A high risk of sleep apnea was estimated in 37 % of the
participants. The increased risk of sleep apnea was positive-
ly correlated with BMI (rs00.42), having over fat (rs0
0.324) and HbA1c (rs00.21, p<0.001); it was negatively
correlated with self-reported gingival bleeding (rs0−0.21,
p<0.001). The patients reporting “gingival bleeding at least
occasionally on brushing” were more likely to have a higher
mean of sleep apnea (8.24±2.97) compared with those
reporting “gingival bleeding rarely on brushing” (6.72±
2.83, p<0.05). Patients who were obese and having excess
fat were more likely to have a “high risk” of sleep apnea
compared with those with healthy BMI and body-fat pro-
portion in the normal ranges (OR06.47, 95% CI01.58–
26.3; OR01.83, 95% CI01.06–3.01).

Total tooth loss was positively correlated with BMI
(rs00.22) and sleep apnea (rs00.24, p<0.005; Table 2).

The same correlations applied to maxillary tooth loss
(rs0−0.21 and rs0−0.25, p<0.005). The number of teeth
lost in the upper jaw was also correlated with HbA1c
(rs00.19, p<0.005). Patients with below average maxillary
tooth loss were more likely to have healthy BMI (OR03.26,
95% CI01.14–9.35) and favourable fasting blood glucose
(OR03.26, 95% CI01.03–10.28) than those who had lost
above average number of teeth (p<0.005). There was no
significant difference for maxillary tooth loss between those
with normal body-fat proportion and those with over fat
(p00.057).

Principal component analysis revealed that the increased
number of teeth lost in the upper jaw was correlated with
obesity and high risk of sleep apnea (Table 3). Those who
brushed their teeth daily were more likely to have high HDL
and low LDL. Those who reported gingival bleeding at
brushing “at least occasionally” were more likely to have
higher HbA1c levels.

Discussion

DM2 patients are more likely to have deep periodontal
pockets and to lose teeth than non-diabetic controls [16].
Recent research supports the bidirectional relationship be-
tween diabetes and periodontal disease; poor oral health
negatively contributes to glycaemic control, whereas poor

Table 2 Proportion of Turkish diabetes mellitus type 2 patients with unfavourable clinical measures and the probability of sleep apnea and oral
health-related factors

All
(n0178, %)

HbA1c
(≥6.5 %) (%)

Fasting
blood glucose
(≥110 mg/dl, %)

HDL (≤39
mg/dl, %)

LDL (≥95
mg/dl, %)

BMI
(overweight/
obese, %)

Body-fat
proportion
(over healthy
range, %)

Increased
sleep apnea
probability
(≥mean, %)

No. of teeth lost upper jaw 93

Below mean 58 67** 81* 59 50 78* 57** 34

Mean or above 42 82 93 65 45 92 72 45

No. of teeth lost lower jaw 93

Below mean 60 67* 84 63 45 81 67 37

Mean or above 40 83 90 60 52 90 58 42

Total no. of teeth lost 93

Below mean 56 67* 81* 58 51 79* 62 36

Mean or above 44 82 94 67 44 91 65 43

Toothbrushing frequency 95

Daily 59 68 83 53* 45 83 63 30*

Less than daily 41 79 84 78 50 83 63 47

Gingival bleeding on brushing 94

Rare 34 60* 80 63 46 79 54 22*

At least occasionally 66 79 84 64 47 86 69 44

Statistical evaluation: chi-square test, differences by unfavourable clinical measures

*p<0.05, **p00.056
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DM2 management negatively affects oral health [15, 18].
The level of glycaemic control is of key importance in
determining increased risk of periodontal disease [34, 35]
and subsequent tooth loss [18]. In line with these findings,
the present research found that HbA1c was correlated with
the total number of teeth lost and the numbers lost in each
jaw. HbA1c and the number of teeth lost in the upper jaw
were positively correlated with self-reported gingival bleed-
ing, suggesting that these three factors share lifestyle or
pathogenic factors or factors such as an increased inflam-
matory reaction due to destruction of the periodontal
tissue. Therefore, gingival bleeding observed by the
patient may signify initial inflammation, which may
lead to periodontal tissue destruction, subsequent tooth
loss and an increase in blood glucose. Self-reported
gingival bleeding may thus be looked on as an early risk
indicator of tooth loss and high HbA1c levels.

Toothbrushing is the most effective life-long method for
reducing inflammation and subsequent tooth loss [36]; thus,
it may improve diabetes management. The frequency of
toothbrushing and the link with diabetes have been relative-
ly little studied. Lower toothbrushing frequency is related to
a higher prevalence of diabetes mellitus, measured in terms
of fasting blood glucose levels, high LDL and low HDL
[37]. Syrjälä et al. [38] showed that toothbrushing frequency
was positively correlated with diabetes adherence (regular
measurement of blood glucose, adjustment of insulin to
exercise and meal times, diet, and exercise). In line with
these findings, in the present study, toothbrushing frequency
among DM2 patients was positively correlated with HDL
and negatively with fasting blood glucose. This may be
explained as follows: Toothbrushing removes the principal
aetiologic factor in periodontal disease, plaque, from all
surfaces of the teeth; it decreases mean pocket depth [39]
and, thereby, the inflammatory reactions, which increase in
periodontal disease [12]. Periodontal disease is a common
chronic subclinical inflammation associated with in-
creased levels of pro-atherogenic plasma lipoproteins
(cholesterol, in particular LDL) [40, 41]. Periodontal
disease and fasting blood glucose are correlated; hyper-
glycaemia, resulting from impaired fasting blood glu-
cose, may increase the risk of periodontal disease, but
chronic systemic inflammation from periodontal disease
may also stimulate inflammatory cytokines (C-reactive
protein, tumour necrosis factor a and interleukin-6),
leading to hyperglycaemia [12, 42, 43]. Our findings
imply that people with DM2 may need to be evaluated for
daily oral health care habits. It is also possible that regular
toothbrushing may contribute to the reduction of high fasting
blood glucose levels and to the increase of HDL among
patients with DM2. This should be verified in future studies
as the present study is among the extremely few publications
[37], to our knowledge, that investigate the link between

toothbrushing frequency and diabetes management, measured
in terms of fasting blood glucose, LDL and HDL.

Obstructive sleep apnea (OSA) is an increasingly com-
mon sleep disorder. It is characterized by repetitive upper
airway obstructions leading to intermittent hypoxia and
sleep fragmentation, mostly due to frequent pharyngeal
obstruction and collapse. Obesity [44] and several structural
changes in facial morphology (retrognathic mandibles, pos-
teriorly placed pharyngeal walls) [45], have been implicated
as contributing factors. Based on recent literature, there are
complex interactions among obesity, DM2 and OSA involv-
ing multiple pathways [22, 46, 47]. The link between tooth
loss and these three factors may provide new insights into
public health. The role of tooth loss in the pathogenesis of
OSA has been a neglected issue. Bucca et al. [24] have
found that complete tooth loss favours upper airway ob-
struction during sleep by modifying the anatomy and func-
tion of the pharyngeal airway and the tongue and by
favouring inflammatory oedema. In that study, the number
of apnoea/hypopnoea episodes and oxygen saturation were
greater in patients with tooth loss. Recurrent obstructive
events with intermittent hypoxia and sleep fragmentation
in OSA are primary triggers for a disturbance in pathoge-
netic mechanisms [48] and may modulate systemic inflam-
mation [49]. The risk of systemic inflammation is already
elevated among patients with DM2: Periodontal disease
may increase the cytokine levels in diabetic patients and
thereby contribute to systemic inflammation, whereas dia-
betes produces hyper-inflammatory reactions that may in-
crease the risk of periodontal disease among patients with
DM2 [50]. This seems to be very important for overweight
DM2 patients with periodontal disease who already have an
increased risk of systemic inflammation: These three health
conditions (obesity, periodontal disease and DM2) are
linked by the pro-inflammatory cytokines which appear to
induce inflammation [12]. In light of all these, the link
between tooth loss, OSA and BMI, in terms of correlation
and clustering, may imply that tooth loss, in particular in the
maxilla, seems to be an important predisposing factor either
by leading to anatomical changes or signalling active peri-
odontal infection. The correlation between maxillary tooth
loss and HbA1c and fasting blood glucose may imply some
underlying pathogenic or biologic mechanisms between
OSA, tooth loss and DM2. This may have important public
health implications and lead to improved health and oral
health among DM2 patients. Daily toothbrushing may act as
a preventive health behaviour in the prevention of OSA by
reducing gingival inflammation, considering the correlation
of OSA with toothbrushing and gingival bleeding in the
present study. There is a vital need for further research to
understand better the relationship between OSA, tooth loss,
diabetes and obesity as this is the first study exploring this
relation, as far as we know.

Clin Oral Invest (2013) 17:967–974 971



Self-reported toothbrushing frequencies and gingival
bleeding may sometimes be imprecise. Reporting may be
affected by the perceived social desirability of these behav-
iours in families and society, but there is evidence endorsing
the reliability of self-reported behaviour measures like tooth-
brushing frequency [51, 52] and gingival bleeding [52, 53].

The limitation of this study is that it does not refer to a
clinical intervention. There seems to be a need for clinical
studies exploring the biological markers for tooth loss,
OSA, diabetes and obesity. Follow-up studies on the impact
of periodontal treatment (which reduces subsequent tooth
loss) on OSA, diabetes and obesity are also needed to
identify risk factors and improve the well-being of DM2
patients. Furthermore, the present study, based on a limited
number of participants, should be replicated with a larger
sample. The background characteristics of the participants
are relevant to the results and may have an impact on the
correlations found, but the focus of the present study was to
explore the relationship between oral health, diabetes type
two and sleep apnea among diabetics regardless of the
background characteristics. There is need for further studies
to examine the impact of these characteristics.

Conclusion

Based on the correlations found between oral health
(clinical and self-assessed) and diabetes-related varia-
bles, dental care may play a major role in the preven-
tion of further complications of DM2 by enabling early
diagnosis and monitoring of poor diabetes management.
This requires further study. The findings of this study

have a number of implications for future practice: Ob-
servation of frequent gingival bleeding and subsequent
tooth loss may lead patients to consider the risk of sleep
apnea and to have appropriate clinical examinations
early. Dentists may also play a key role in better man-
aging and diagnosing sleep apnea early by referring
patients with severe tooth loss and periodontal disease
for general medical examination. It could be relevant for
physicians to be prepared to educate their DM2 patients
on managing their oral and general health to prevent
possible further complications. There seems a need for
public health programmes, training programmes and
campaigns to increase awareness among healthcare pro-
fessionals and patients about the relationships between
oral health, diabetes and sleep apnea. Future research on
these factors is essential to counter the pandemic of
DM2 complications and poor oral health.
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Table 3 Factor analysis assessing oral health and diabetes-related clusters of “lost maxillary teeth” (below mean vs. mean or above) among Turkish
patients with diabetes mellitus type 2 by Varimax rotated solution

Component 1 Component 2 Component 3 Component 4
Lifestyle I Lifestyle II Lifestyle III Lifestyle IV

No. of teeth lost (UJ) 0.642 –
a

–
a 0.387

Toothbrushing –
a 0.755 –

a
–
a

Gingival bleeding 0.465 –
a 0.586 –

a

BMI 0.738 –
a

–
a

–
a

HbA1c –
a

–
a 0.750 –

a

Fasting blood glucose –
a

–
a

–
a 0.812

HDL −0.285 0.515 −0.453 –
a

LDL –a −0.569 –a 0.319

Probability of sleep apnea 0.472 −0.436 0.339 0.425

All variables as favourable (0) and unfavourable (1) along with health measures (rare gingival bleeding on brushing00, non-obese00). The clusters
in the study group, in total, accounted for 59.6 % of the total variance (composed of component 1, 16.7 %; component 2, 15.8 %; component 3,
14.5 %; and component 4, 12.5 %). Body-fat proportion was not included in the analysis due to its high correlation with BMI

UJ upper jaw
a Loadings below 0.25 extracted for ease of communication. The clusters are named based on the variable with highest loading
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