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ABSTRACT

Objectives: To clarify the association between
toothbrushing and risk factors for cardiovascular
disease—namely, hypertension (HT), diabetes mellitus
(DM), dyslipidaemia (DL), hyperuricaemia (HUA) and
chronic kidney disease (CKD).

Design: A large-scale, single-centre, cross-sectional
study.

Setting: St Luke’s International Hospital, Center for
Preventive Medicine, Tokyo, Japan, between January
2004 and June 2010.

Participants: This study examined the toothbrushing
practices of 85 866 individuals according to the 3-
category frequency criterion: ‘after every meal’, ‘at least
once a day’ and ‘less than once a day’. The ORs by
frequency were calculated for the prevalences of HT,
DM, DL, HUA and CKD according to binominal logistic
regression analyses adjusted for age, gender, body
mass index and lifestyle habits—smoking, drinking,
walk time and sleep time.

Results: The prevalences of the risk factors were as
follows: HT (‘after every meal’: 13.3%, ‘at least once a
day’: 17.9% and ‘less than once a day’: 31.0%), DM
(3.1%, 5.3% and 17.4%, respectively), DL (29.0%,
42.1% and 60.3%, respectively), HUA (8.6%, 17.5%
and 27.2%, respectively) and CKD (3.8%, 3.1% and
8.3%, respectively). The prevalences were significantly
higher in the ‘less than once a day’ group than in the
‘after every meal’ group for DM (OR=2.03; 95% Cl
1.29 t0 3.21) and DL (OR=1.50; 95% CI 1.06 to 2.14),
but not for HT, HUA and CKD.

Conclusions: Even taking into account lifestyle habits,
a lower frequency of toothbrushing was associated
with high prevalences of DM and DL. Toothbrushing
practices may be beneficial for oral health improvement
and also for prevention of certain systemic diseases.

INTRODUCTION

Good oral hygiene, in which toothbrushing
has a central role,' is important to prevent
gingivitis ~ and  tooth  decay. = Some

Strengths and limitations of this study

= This study is a large-scale, cross-sectional
Japanese study to clarify the association
between toothbrushing practices and risk factors
for cardiovascular disease.

= This study used binominal logistic regression
analyses adjusted for lifestyle habits—smoking,
drinking, walk time and sleep time.

= Even taking into account lifestyle habits, a low fre-
quency of toothbrushing was significantly asso-
ciated with the high prevalences of diabetes
mellitus and dyslipidaemia, but not with hyperten-
sion, hyperuricaemia and chronic kidney disease.

= A limitation of the study is residual selection bias
due to a single-centre study.

toothbrushing intervention programmes have
shown promising results in reducing dental
plaque formation.> However, the extent of
association between toothbrushing practices
and cardiovascular disease remains unknown.
Poor oral hygiene was associated with higher
levels of risk for cardiovascular disease in a
study conducted by de Oliveira e al®
However, Yeung® pointed out that the study
had not determined the causality between
oral hygiene and cardiovascular disease
because of biased health consciousness.
Recent studies reported that a low frequency
of toothbrushing was associated with endothe-
lial dysfunction” and that an improvement in
periodontal status prevented intima-media
thickness progression in the carotid arteries.’
Daily toothbrushing was shown to be related
to a lower prevalence of type 2 diabetes melli-
tus (DM), hypertension (HT) and dyslipidae-
mia (DL).” Furthermore, a higher frequency
of toothbrushing was found to be associated
with a higher rate of good diabetes control in
patients with DM.® ° However, these
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mechanisms were unclear, but there was a report that a
low frequency of toothbrushing facilitated the prolifer-
ation of Porphyromonas gingivalis. P gingivalis proliferates
in the presence of increased insulin resistance and sys-
temic inflammation, with the alteration of gut micro-
biota.'"” Increased insulin resistance and systemic
inflammation also cause DM.

A great number of people, especially the elderly, are still
affected by cardiovascular disease despite recent advances
in medical knowledge and technology. Therefore, there is
an increasing need to implement public health measures,
including oral hygiene, to enable them to acquire health-
ier lifestyle habits. Toothbrushing is one of the most famil-
iar and easiest methods of improving oral hygiene in the
general population. Based on the possible link between
dental disease and cardiovascular disease,“ toothbrushing
may be an easily applicable preventive method for cardio-
vascular disease.

We conducted this epidemiological study to examine
the association between frequency of toothbrushing and
risk factors for cardiovascular disease—HT, DM, DL,
hyperuricaemia (HUA) and chronic kidney disease
(CKD)—in addition to considering lifestyle habits of the
healthy general population.

MATERIALS AND METHODS

Study design and participants

This large-scale, single-centre, epidemiological study of
cross-sectional design retrospectively analysed the
medical records of 90 143 individuals who had under-
gone an annual medical checkup at St Luke’s
International Hospital Center for Preventive Medicine,
Tokyo, Japan, between January 2004 and June 2010. This
centre for preventive medicine conducted a conven-
tional medical check-up. This medical system has ideal
conditions for clinical measurements. These records
used data only from the first visit between January 2004
and June 2010, so that participants who had more than
one annual check-up during these periods were not
double counted. Our previous study used this database
and methods in a similar way to the present study.'”

Of the 90 143 individuals, 85 866 people, aged 30-84,
were analysed. Individuals arriving at our hospital, sub-
mitted a self-administered questionnaire including
details of toothbrushing practices. The study population
was split into the following three groups according to
their toothbrushing practices: ‘after every meal’, ‘at least
once a day’ and ‘less than once a day’. The prevalences
of risk factors for cardiovascular disease—HT, DM, DL,
HUA and CKD—were calculated in each group.

The smoking subgroup comprised individuals who
had a current or past history of smoking. The drinking
subgroup was composed of individuals with a drinking
habit and did not include non-habitual drinkers. Walk
time and sleep time were calculated based on informa-
tion provided by the self-administered questionnaire.

Annual medical checkup between January 2004 and June 2010
n=90,143
(n=30,228 in 2004, 15,980 in 2005, 12,504 in 2006, 10,066 in 2007,
9,627 in 2008, 8,293 in 2009, 3,445 in 2010)

—)

Nonresponders about toothbrushing practices
n=838

n=3,316 <30 years of age
n=123 >85 years of age

A 4

Study individuals
n=85,866

Categorizing the study individuals into three groups
according to frequency of toothbrusing

v v v

After every meal At least once Less than once
n=38,643 n=46,981 n=242
Figure 1 Flow diagram of study enrollment.

Blood pressure (BP) was recorded using an automatic
brachial sphygmomanometer (OMRON Corporation,
Kyoto, Japan). BPs of each person were measured twice—
after sitting and remaining quiet for >5 min, with the feet
on the ground and the back supported. The mean values
of systolic and diastolic BP of each person were calculated
from the recorded measurements. HT was defined as a
systolic BP of >140 mm Hg and/or a diastolic BP of
>90 mm Hg. DL was defined as a low-density lipoprotein
cholesterol level of >140 mg/dL, a high-density lipopro-
tein cholesterol level of <40 mg/dL or a triglyceride level
of >150 mg/dL. DM was defined as a glycated haemoglo-
bin (HbA;.) concentration of >6.5% (according to the
National Glycohemoglobin Standardization Program).
HUA was defined as a serum uric acid concentration of
>7.0 mg/dL. CKD was defined as an estimated glomerular
filtration rate of <60 mL/min/1.73 m% The HT, DL, DM
and HUA subgroups included patients who were followed
up and who received medication for their diseases.

Ethical considerations

All data were collected and held in a password-protected
computer database. Individual data were anonymised. St
Luke’s International Hospital ethics committee
approved the use of these data and the protocol for this
study (approval number: 14-R033; 30 June 2014).

Statistical analysis

Analysis of variance (ANOVA) with Tukey’s post hoc
method was conducted to compare the characteristics
and lifestyle habits of individuals among the three
groups. Statistical differences in toothbrushing between
the groups were evaluated using binominal logistic
regression models, with the ‘after every meal’ group as
reference. Binominal logistic regression analyses were
conducted, adjusted for age, gender, body mass index
(BMI), HT, DM, DL, HUA and CKD, and for lifestyle
habits— smoking, drinking, walk time and sleep time. A
value of p<0.05, two-sided, was considered statistically sig-
nificant. All statistical analyses were performed using the
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Table 1

Individual characteristics

Frequency of toothbrushing per day

Overall After every meal At least once Less than once
Characteristics (n=85 866) (n=38 643) (n=46 981) (n=242) p Value
Age, years 47.0+11.5 46.4+11.6 47.4+11.4 51.7+15.0 <0.001
Male gender (%) 49.0 32.7 62.2 92.6 <0.001
Height, cm 164.2+8.6 162.3+8.2 165.9+8.7 168.5+7.3 <0.001
Weight, kg 60.9+11.2 57.3+11.2 63.8+12.5 71.6+£13.2 <0.001
BMI, kg/m? 22.4+3.3 21.6+3.1 23.1£3.4 25.1+£3.9 <0.001
AC, cm 80.3+10.3 78.0+10.9 82.2+9.4 88.8+10.4 <0.001
SBP, mm Hg 117.7£17.4 115.5+17.3 119.4+17.3 126.9+11.7 <0.001
DBP, mm Hg 73.2+11.2 71.7+11.1 74.3+11.2 77.9+10.6 <0.001
PR, bpm 73.9+10.9 74.3+10.9 73.5+10.8 72.9+11.8 <0.001

Values are expressed as mean+SD.

AC, abdominal circumference; BMI, body mass index; DBP, diastolic blood pressure; PR, pulse rate; SBP, systolic blood pressure.

SPSS Statistics software (IBM SPSS Statistics V.19 for
Windows; IBM, New York, New York, USA).

RESULTS

This study analysed the medical records of 90 143 indivi-
duals (men: 49.1%; age, mean+SD 46.3+12.0 years) who
had undergone annual medical checkup between
January 2004 and June 2010; 30 228 individuals in 2004,
15980 individuals in 2005, 12 504 individuals in 2006,
10 066 individuals in 2007, 9627 individuals in 2008, 8293
individuals in 2009 and 3445 individuals in 2010 were
enrolled. Of them, 85866 (men: 49.0%; mean+SD age:
47.0+11.5 years) met the inclusion criteria for this study.

70%

60%

50%

40%

30%

20%

10%

0%

80

Smoking

The following individuals were excluded: 3316 <30 years
of age; 123 >85years of age; and 838 non-responders
about toothbrushing practices. Individuals were cate-
gorised according to the three-category toothbrushing
frequency criterion: 38 643 (45.0%)—‘after every meal’,
46 981 (54.7%)—‘at least once a day’ and 242 (0.3%)
—‘less than once a day’ (figure 1). Among individual
characteristics, low frequency of toothbrushing was signifi-
cantly (p<0.001) associated with older age, the higher
prevalence of male gender, greater height, greater
weight, higher BMI, larger abdominal circumference,
higher BP and lower pulse rate (table 1).

Lifestyle habits—that is, smoking, drinking, walk time
and sleep time, were associated with frequency of

Drinking

48%

p<0.001 p<0.001

—— 46%

44%

42%

—— 40%

38%

—— 36%

34%

After every meal At least once a day Less than once a day
Frequency of toothbrushing

Walk time (minute/day)
I E—

——

After every meal At least once a day Less than once a day
Frequency of toothbrushing

Sleep time (hour/day)
| R |

70

-

| p<0.001

I p<0.039 |
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After every meal At least once a day Less than once a day
Frequency of toothbrushing

After every meal At least once a day Less than once a day
Frequency of toothbrushing

Figure 2 Lifestyle habits and frequency of toothbrushing practices. *Significant difference between the groups (p<0.05 between
groups by analysis of variance with Tukey’s post hoc method).
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35% p<0.001  p<0.001 fg:ﬁ’ p<0.001  p<0.001
30% ;
° 16%
25% 14%
10%
15% 8%
10% - 6%
% 4%
o g | B
0% - ‘ ‘ ‘ 0% - .
After every At least once a Less than once a Total After every At least once a Less than once a Total
meal day day meal day day
Dyslipidaemia Hyperuricaemia
* * * *
70% p<0.001 p<0.001 30% p<0.001 p<0.001
60% 25%
0
50% 20%
40%
15%
30%
10%
20% - 0
0% - T . . 0% -
Afterevery  Atleast once a Less than once a Total Afterevery  Atleast once a Less than once a Total
meal day day meal day day

Figure 3 Risk factors for cardiovascular disease and frequency of toothbrushing practices. Analysis of variance with Tukey’s
post hoc method indicated that differences between the groups were statistically significant: hypertension (OR=1.34 for ‘at least
once a day’ against ‘after every meal’ and OR=2.32 for ‘less than once a day’ against ‘after every meal’; p<0.001); diabetes
mellitus (1.71 and 5.65, respectively; p<0.001); dyslipidaemia (1.45 and 2.08, respectively; p<0.001); and hyperuricaemia (1.98
and 3.09, respectively; p<0.001). *Significant difference between the groups (p<0.05 between groups by analysis of variance with

Tukey’s post hoc method).

toothbrushing. A low frequency of toothbrushing was
associated with heavy smoking (‘after every meal:
30.9%, ‘at least once a day’: 49.0%, ‘less than once a
day’: 65.7%), heavy drinking (‘after every meal’: 39.6%,
‘at least once a day’: 47.3% and ‘less than once a day”:
47.1%), short walk time (mean+SD ‘after every meal”:
43.0+44.0 min, ‘at least once a day’: 40.4+39.3 min, ‘less
than once a day’: 45.3+69.5 min) and short sleep time
(mean+SD ‘after every meal’: 6.6+4.4 h, ‘at least once a
day’: 6.5+3.9h, ‘less than once a day: 6.2+1.3 h).
ANOVA with Tukey’s post hoc method showed that sig-
nificant differences between groups were mostly
between ‘after every meal’ and the ‘at least once a day’
categories and differed significantly between the ‘at least
once a day’ and the ‘less than once a day’ category only
for smoking (figure 2).

A low frequency of toothbrushing was associated with
high prevalences of HT (‘after every meal: 13.3%, ‘at
least once a day: 17.9% and ‘less than once a day’:
31.0%), DM (3.1%, 5.3% and 17.4%, respectively), DL
(29.0%, 42.1% and 60.3%, respectively), HUA (8.6%,
17.5% and 27.2%, respectively) and CKD (3.8%, 3.1%
and 8.3%, respectively). ANOVA with Tukey’s post hoc
method indicated that differences between the groups
were statistically significant: HT (OR=1.34 for ‘at least
once a day’ against ‘after every meal’ and OR=2.32 for

‘less than once a day’ against ‘after every meal’;
p<0.001), DM (1.71 and 5.65, respectively; p<0.001), DL
(1.45 and 2.08, respectively; p<0.001), HUA (1.98 and
3.09, respectively; p<0.001) and CKD (0.82 and 2.18;
p<0.001) (figure 3).

In binominal logistic regression analyses, the preva-
lence of DM increased significantly with low frequency
of toothbrushing (OR=1.17 and 95% CI 1.07 to 1.29 for
‘at least once a day’ against ‘after every meal’; OR=2.03
and 95% CI 1.29 to 3.21 for ‘less than once a day’
against ‘after every meal’). The prevalence of DL
showed the similar changes: (OR=1.18 and 95% CI 1.14
to 1.23 for ‘once a day’ against ‘after every meal’;
OR=1.50 and 95% CI 1.06 to 2.14 for ‘less than once a
day’ against ‘after every meal’). No statistically significant
differences were found between the three groups for
HT, HUA and CKD (table 2).

DISCUSSION

This large-scale epidemiological study provides a highly-
quality medical record database because of the low
exclusion rate. Adjusted binominal logistic regression
analyses showed that a low frequency of toothbrushing

was significantly associated with the high prevalences of
DM (OR=2.03) and DL (OR=1.50), but not with HUA
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Table 2 Binominal logistic regression analyses on frequency of toothbrushing and risk factors for cardiovascular disease

Crude Adjusted*
Toothbrushing Prevalence (disease/total) % OR p Value OR 95% ClI p Value
Hypertension
After every meal 5158/38 642 13.3 (reference) (reference)
At least once a day 8430/46 980 179 1.34 <0.001 0.99 0.94t0 1.05 0.837
Less than once aday 75/242 31.0 2.32 <0.001 0.89 0.60to0 1.33 0.579
Total 13 663/85 864 15.9
Diabetes mellitus
After every meal 1188/38 642 3.1 (reference) (reference)
At least once a day 2468/46 977 53 1.71 <0.001 1.17 1.07t0o 1.29 0.001
Less than once a day 42/242 174 5.65 <0.001 2.03 1.291t0 3.21 0.002
Total 3698/85 861 4.3
Dyslipidaemia
After every meal 11 221/38 642 29.0 (reference) (reference)
At least once a day 19 778/46 978 421 1.45 <0.001 1.18 1.14t01.23 <0.001
Less than once a day 146/242 60.3 2.08 <0.001 1.50 1.06 to 2.14 0.023
Total 31 145/85 862 36.3
Hyperuricaemia
After every meal 3341/38 643 8.6 (reference) (reference)
At least once a day 8206/46 981 175 1.98 <0.001 1.08 1.02t0 1.15 0.011
Less than once a day 66/242 27.3 3.09 <0.001 0.87 0.60to 1.26 0.446
Total 11 613/85 866 13.5
Chronic kidney disease
After every meal 1464/38 643 3.8 (reference) (reference)
At least once a day 1454/46 981 3.1 0.82 <0.001  0.93 0.77to 1.14 0.482
Less than once a day 20/242 8.3 2.18 <0.001 1.35 0.381t0 4.72 0.642
Total 2938/85 866 3.4

*Adjusted for age, gender, body mass index, hypertension, diabetes mellitus, dyslipidaemia, hyperuricaemia and chronic kidney disease, and

also for lifestyle habits—smoking, drinking, walk time and sleep time.

and CKD. This suggests the involvement of DM and DL,
associated with a low frequency of toothbrushing, in car-
diovascular disease.

A previous study showed that a low frequency of tooth-
brushing was associated with hypertriglyceridaemia only
and that more frequent toothbrushing was associated
with a low prevalence of metabolic syndrome.'” Another
study indicated that a low frequency of toothbrushing
was associated with high prevalences of DM, DL and
HT,” which is in agreement with our study for DM and
DL; the prevalences of raised BP and HT were signifi-
cantly higher with a low frequency of toothbrushing
than with a high frequency. However, the previous study
did not examine renal function and sleep time, which
may explain the difference between the studies. Our
present study provides a higher quality of research
because it examines a greater number of lifestyle-related
variables.

There are two possible reasons why a low frequency of
toothbrushing is associated with DM and DL. One is
that periodontal disease causes DM and DL. A low fre-
quency of toothbrushing increases periodontal disease,’
and this disease is a risk factor for cardiovascular
disease'* '° and DM.'6 17 However, the causality between
periodontal disease and DL remains controversial: both
contrary'® and positive'” results have been published.
The other theory is that DM and DL are strongly

associated with P gingivalis—a major pathogenic bacter-
ium of periodontal disease. A low frequency of tooth-
brushing facilitates the proliferation of P gingivalis.
Furthermore, DL impairs the innate immune response to
P, gingivalis™ that proliferates in cases of increased insulin
resistance and systemic inflammation, with the alteration
of gut microbiota.'” Increased insulin resistance and sys-
temic inflammation also cause DM and DL. These theor-
ies can also explain why a low frequency of toothbrushing
is associated with endothelial dysfunction.”

This study has several limitations. First, the study has a
possible residual selection bias as it is a single-centre
study, but all data were well-controlled and reported. A
cohort and multicenter study is expected. Second, this
study could not assess the duration and details of tooth-
brushing (eg, use of dental floss, interdental cleansers
and water irrigation under pressure). Nevertheless, we
consider that this study strictly considered possible con-
founding factors— age, gender, BMI, HT, DM, DL, HUA
and CKD, and also lifestyle habits (smoking, drinking,
walk time and sleep time). Third, the ‘less than once a
day’ group was much smaller than the other two groups,
comprising only 242 participants. Fourth, the ‘less than
once a day’ group was composed of almost completely
male participants (>90%) and we conducted logistic
regression analyses adjusted for gender. Fifth, this study
could not evaluate the association between
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toothbrushing and the incidence of cardiovascular
disease. A previous study reported that a low frequency
of toothbrushing was associated with a higher incidence
of cardiovascular disease,3 but our study focused on the
association between toothbrushing and the risk factors
for cardiovascular disease.

CONCLUSIONS

Our study confirmed that, even when considering life-
style habits, a low frequency of toothbrushing was asso-
ciated with the prevalences of DM and DL in a large
adult general population, which possibly explains the
association of toothbrushing with cardiovascular disease.
A longitudinal cohort study will be needed to confirm
whether toothbrushing prevents DM and DL.

Even when taking into account lifestyle habits, a lower
frequency of toothbrushing was associated with high pre-
valences of DM and DL. Better toothbrushing practices
may be beneficial for oral health improvement and for
prevention of certain systemic diseases.
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