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This study sought to investigate relationships between fre-
quency of daily teeth brushing and prevalences of diabetes
mellitus, hypertension and dyslipidemia. Subjects were 54,551
residents of Chiba City, Japan (20,155 men and 34,396 women)
who underwent routine health examinations in 2004. Diabetes
mellitus was defined as a fasting plasma glucose level >126 mg/
dl or a non-fasting plasma glucose level >200 mg/dl and/or
receiving treatment for diabetes. Hypertension was defined as
systolic blood pressure (SBP) >140 mmHg, diastolic blood
pressure (DBP) >90 mmHg and/or receiving treatment for
hypertension. Dyslipidemia was defined according to the two
criteria: high triglyceride and/or low high density lipoprotein
cholesterol (TG > 150 mg and/or HDL-C < 40 mg/dl), and high
total cholesterol (TC > 220 mg/dl). According to Pearson’s chi-
square tests and logistic regression analysis adjusted for age,
BMI, smoking habit, alcohol consumption and daily walking
time, lower frequency of teeth brushing is related to higher
prevalences of diabetes mellitus, hypertension and high TG and/
or low HDL-C, in both men and women. Total cholesterol status,
however, showed no significant relationship. Maintaining good
oral hygiene by regular teeth brushing may prevent type 2
diabetes, hypertension and dyslipidemia. Exp Biol Med 234:387—
394, 2009
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Introduction

Periodontitis, a chronic inflammatory disease of the
periodontal tissues, is most prevalent in middle-aged and
elderly populations worldwide. At least 35% of dentate
adults aged between 30 and 90 years in the US were
estimated to have periodontitis, with 21.8% having a mild
form and 12.6% a moderate or severe form (1). Patients with
periodontitis have shown increased levels of inflammatory
cytokines such as tumor necrosis factor alpha (TNF-o) and
interleukin-6 (IL-6) (2—4), which lead to insulin resistance
(5-10), and insulin resistance itself is an important risk
factor for type 2 diabetes, hypertension and dyslipidemia
(11). Elevated levels of inflammatory cytokines and
systemic inflammatory markers, such as C-reactive protein
(CRP), which is induced by inflammatory cytokines, are
reported to be associated with the development of type 2
diabetes (11-13), hypertension (14, 15) and cardiovascular
disease (16, 17). Further, periodontal disease was found to
be closely related to impaired glucose tolerance and type 2
diabetes in a cross-sectional study (18), and some studies
have indicated that treating periodontitis in diabetic patients
has a beneficial effect on their glucose control (19, 20). High
triglycerides (21-23) and low HDL cholesterol (23) have
been observed in subjects with periodontal disease com-
pared with control subjects, and several epidemiological
studies have reported significant associations between
periodontitis and cardiovascular disease (24, 25). The main
etiological factor in the development of periodontal disease
is microbiological plaque, and regular and effective removal
of plaque from all surfaces of the teeth, both above and
below the gingival margin, is considered essential for
preventing the disease (26).

Against this background, we hypothesized that teeth
brushing can prevent cardiovascular risk factors such as
type 2 diabetes, hypertension and dyslipidemia. Therefore,
the aim of this cross-sectional study was to investigate the
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relationship between frequency of daily teeth brushing and
prevalences of cardiovascular risk factors.

Materials and Methods

Subjects. In the present study, we enrolled 101,209
Japanese subjects (35,200 men and 66,009 women) aged
40-79 years from among the residents of Chiba City who
underwent routine health examinations in 2004 conducted
by the local governments under the Health and Medical
Service Law for the aged. We excluded 41,108 subjects
(13,548 men and 27,560 women) who had missing data and
5,550 (1,497 men and 4,053 women) who were prescribed
medication for dyslipidemia. After exclusion, the final
number of subjects in this study was 54,551 (20,155 men
and 34,396 women). To evaluate reliability of the
questionnaire concerning the frequency of daily teeth
brushing, the subjects were followed one year apart. Of
the total 54,551 subjects, 29,402 (10,470 men and 18,932
women) received routine health examinations one year later
in 2005. Because we used health examination data collected
by the local governments under the Health and Medical
Service Law for the aged and data was anonymized by
Chiba City, informed consent was not obtained from
subjects. This study was approved by Chiba University
Institutional Review Board.

Measurements and Questionnaire. In the 2004
health examinations, height, weight, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured.
Body mass index (BMI) was calculated as weight in
kilograms divided by the square of height in meters. Plasma
glucose, serum triglyceride (TG), high density lipoprotein
cholesterol (HDL-C) and total cholesterol (TC) were also
measured. A self-reported questionnaire was administered to
ascertain the frequency of daily teeth brushing (after every
meal, 1 or 2 times per day and hardly ever), smoking habit
(never smoked, current smoker and past smoker), alcohol
consumption (nondrinker and drinker (alcohol > 23 g/day,
which is equivalent to sake >180 ml/day)) and daily
walking time (0-29 minutes/day, 30—59 minutes/day and
>60 minutes/day).

Definition of Diabetes Mellitus, Hypertension
and Dyslipidemia. Diabetes mellitus was defined as a
fasting plasma glucose level >126 mg/dl or a non-fasting
plasma glucose level >200 mg/dl and/or receiving treatment
for diabetes. Hypertension was defined as SBP >140
mmHg, DBP > 90 mmHg and/or receiving treatment for
hypertension. Dyslipidemia was defined according to the
following two criteria: (i) high TG and/or low HDL-C (TG
> 150 mg and/or HDL-C < 40 mg/dl) and (ii) high TC (TC
> 220 mg/dl). Since we did not know whether the treatment
for dyslipidemia targeted (i) or (ii), any subject receiving
treatment for dyslipidemia was excluded from this study, as
mentioned above.

Statistical Analysis. The subjects were categorized
into four groups on the basis of BMI: <18.5 kg/m?, 18.5—

25.0 kg/m?, 25.0-30.0 kg/m? and >30.0 kg/m? according to
the Japan Society for the Study of Obesity (27). The
subjects were also categorized into four age groups: 4049,
50-59, 60-69 and 70-79 years. To evaluate agreement
between the questionnaires concerning frequency of daily
teeth brushing administered in 2004 and 2005, the Kappa
coefficient was calculated. Pearson’s chi-square tests were
performed in order to estimate relationships between subject
characteristics and prevalences of diabetes mellitus, hyper-
tension, high TG and/or low HDL-C and high TC. Odds
ratio for diabetes mellitus, hypertension, high TG and/or
low HDL-C and high TC according to the frequency of
daily teeth brushing were calculated using logistic regres-
sion analysis adjusted for age, BMI, smoking habit, alcohol
consumption and daily walking time. The interaction
between frequency of daily teeth brushing and sex on the
prevalence of diabetes, hypertension and high TG and/or
low HDL-C was also evaluated by logistic regression
analysis adjusted for age, BMI, smoking habit, alcohol
consumption and daily walking time. Results were consid-
ered significant when two-tailed o was <0.05. All data were
analyzed using the SPSS version 15.0 software package
(SPSS Inc., Chicago, IL, USA).

Results

Of the 54,551 subjects (20,155 men and 34,396
women), 4,250 (7.8%; 2,563 men (12.7%) and 1,687
women (4.9%)) were diagnosed with diabetes mellitus,
22,639 (41.5%; 10,200 men (50.6%) and 12,439 women
(36.2%)) were diagnosed with hypertension, 13,143 (24.1%;
6,603 men (32.8%) and 6,540 women (19.0%)) were
diagnosed with high TG and/or low HDL-C, and 22,279
(40.8%; 5,896 men (29.3%) and 16,383 women (47.6%))
were diagnosed with high TC. The Kappa coefficient used
to evaluate agreement between the questionnaires concern-
ing frequency of daily teeth brushing that were administered
in 2004 and 2005 to 29,402 subjects who received routine
health examinations in both 2004 and 2005 was 0.665 (P <
0.001).

The proportions according to diabetes mellitus, hyper-
tension, high TG and/or low HDL-C and high TC in relation
to subject characteristics are shown in Tables 1 to 4. Lower
frequency of daily teeth brushing was related to higher
prevalence of diabetes mellitus in both men and women,
higher prevalence of hypertension in women and higher
prevalence of high TG and/or low HDL in both men and
women. The proportion according to TC status did not differ
significantly according to the frequency of daily teeth
brushing.

The results of logistic regression analysis are shown in
Table 5. All results were adjusted for age, BMI, smoking
habit, alcohol consumption and daily walking time for both
men and women. The odds ratio for diabetes mellitus was
higher among subjects who hardly ever brush their teeth
than among those who brush after every meal. The odds
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Table 5. Relationship Between Frequency of Daily Teeth Brushing and Prevalence of Type 2 Diabetes,
Hypertension and Dyslipidemia

Frequency of daily

teeth brushing After every meal

1 or 2 times per day

Hardly ever brush teeth

Dependent variable QOdds ratio (95% CI)? Odds ratio (95% Cl)®  Pvalue® Odds ratio (95% Cl)® P value®

Men

Diabetes 1.00 (reference) 1.10 (1.00-1.22)) 0.062 1.61 (1.32-1.97)  <0.001

Hypertension 1.00 (reference) 1.10 (1.03-1.18) 0.007 1.24 (1.06-1.45) 0.006

TG > 150 or HDL < 40  1.00 (reference) 1.08 (1.00-1.16) 0.042 1.29 (1.10-1.51) 0.002

TC > 220 1.00 (reference) 0.98 (0.91-1.06 ) 0.617 0.96 (0.82-1.14) 0.652
Women

Diabetes 1.00 (reference) 1.09 (0.97-1.22) 0.136 2.27 (1.53-3.37) <0.001

Hypertension 1.00 (reference) 1.10 (1.04-1.16) 0.001 1.52 (1.14-2.08) 0.005

TG > 150 or HDL < 40 1.00 (reference) 1.13 (1.06-1.20) <0.001 1.49 (1.10-2.01) 0.009

TC > 220 1.00 (reference) 0.98 (0.93-1.02) 0.319 0.91 (0.70-1.20) 0.514

2 Odds ratios were calculated by logistic regression analysis adjusted for age, BMI, smoking habit, alcohol consumption and daily walking time.

Cl, confidence interval.

b p values were calculated by the logistic regression analysis, which showed the comparison with the group of “after every meal.”

ratios for hypertension and high TG and/or low HDL-C
were higher among subjects who brush 1 or 2 times per day
and those who hardly ever brush than among those who
brush their teeth after every meal. There was no significant
relationship between frequency of daily teeth brushing and
TC status. The interaction between frequency of teeth
brushing and sex on the prevalence of diabetes, hyper-
tension and high TG and/or low HDL-C adjusted for age,
BMI, smoking habit, alcohol consumption and daily
walking time was not significant (P = 0.068, P = 0.269
and P = 0.643, respectively). Thus, sex difference had likely
no influence on the effect of teeth brushing even though the
odds ratios tended to be higher in women than in men.

Discussion

In this study, lower frequency of daily teeth brushing
was related to higher prevalence of diabetes mellitus,
hypertension and high TG and/or low HDL-C.

Obesity is one of the most important risk factors for
type 2 diabetes, hypertension and dyslipidemia. Adipose
tissue is known to secrete inflammatory cytokines, such as
TNF-a and IL-6 (28), both of which are the main inducers
of acute-phase hepatic protein production, including CRP
(28), and both of which have been shown to impair
intracellular insulin signaling, which may lead to insulin
resistance (5—7, 28). In humans, plasma levels of TNF-o,
IL-6 and CRP are closely related to obesity and insulin
resistance (8—10, 29), and the latter is an important risk
factor for type 2 diabetes (12, 13) and hypertension (14, 15).
Weight loss through lifestyle changes was found to be
associated with a reduction in markers of inflammation such
as CRP, IL-6 and adiponection (30), and also to lead to
decreased fasting plasma glucose, serum insulin, homeo-
static model assessment (HOMA), systolic blood pressure,
diastolic blood pressure and serum triglycerides as well as
increased serum HDL cholesterol (30). Inflammatory
markers are known to be increased in patients with

periodontal disease, a common chronic subclinical inflam-
mation (8—10), and it is suggested that periodontal disease is
closely related to type 2 diabetes (18-20), dyslipidemia (21—
23) and metabolic syndrome (23). Teeth brushing is
effective for removing the main etiologic factor in
periodontal disease, plaque, from all surfaces of the teeth
and decreasing mean pocket depth (26). Despite such a body
of findings, to the authors’ knowledge, the present study is
the first to examine directly the relationships between teeth
brushing habit and the cardiovascular risk factors of diabetes
mellitus, hypertension and dyslipidemia. Our results
demonstrate that lower frequency of daily teeth brushing
is related to higher prevalence of diabetes mellitus, hyper-
tension and high TG and/or low HDL-C adjusted for age,
BMI, smoking habit, alcohol consumption and daily
walking time. In other words, relationships exist between
teeth brushing habit and prevalences of cardiovascular risk
factors independent of obesity.

The Kappa coefficient of 0.665 indicated that the
questionnaires concerning frequency of daily teeth brushing
that were administered one year apart were in “good
agreement” (31). In this study, potential confounding
factors related to the prevalences of type 2 diabetes mellitus,
hypertension and dyslipidemia (age, BMI, smoking habit,
alcohol consumption and daily walking time) were adjusted
by logistic regression analysis. Although other factors such
as socioeconomic status, dietary intake, lifestyles involving
eating habits of sweets and so on may confound the
relationship, we could not analyze this point since
information was unavailable. A longitudinal study or an
intervention study would be necessary to determine the
effectiveness of teeth brushing in the prevention of type 2
diabetes, hypertension and dyslipidemia.

In conclusion, the current study showed that lower
frequency of daily teeth brushing was related to higher
prevalences of diabetes mellitus, hypertension and high TG
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and/or low HDL-C adjusted for multiple potential con-
founding factors.

All the data analyzed in this study were provided by a Health Center

in Chiba City and we greatly appreciate the invaluable help and support of
all the staff members.
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