
Abstract. Background/Aim: The aim of this study was to
evaluate the association between the frequency of daily tooth
brushing and the development of any type of malignancy.
Patients and Methods: We conducted a retrospective
longitudinal study, including all adult participants who
underwent health check-ups. Primary outcome was the
development of any type of malignancy, compared to the
frequency of daily tooth brushing, adjusting for potential
confounders. Results: A total of 71,449 participants were
included and 5,025 participants developed a certain type of
malignancy. Not brushing everyday (Odds Ratio (OR)=1.52,
95% Confidence Interval (CI)=1.03-2.25) and brushing once
a day (OR=1.25, 95%CI=1.16-1.35) had significantly higher
ORs for the outcome than brushing after every meal,
although those who brushed once to twice a day had
significantly lower OR (OR=0.78, 95%CI=0.72-0.83).
Conclusion: As the frequency of daily tooth brushing
increased, except for brushing after every meal, the
development of all types of malignancies decreased. 

Oral hygiene is now thought to affect not only oral diseases,
but also systemic conditions (1). Periodontal diseases caused
mainly by poor oral hygiene are said to mediate systemic
diseases. For instance, previous studies have reported that
periodontal diseases were associated with an increased risk
of cardiovascular disease (2) and its risk factors, such as
diabetes and dyslipidemia, due to the development of
atheromatous plaques (3, 4). Others argue that periodontal
diseases are associated with systemic infections and

treatment of periodontal diseases reduces the incidence of
distant infections, such as pneumonia (5). Even adverse
pregnancy outcomes (6) and osteoporosis (2) have been
suggested to be associated with periodontal diseases.

As a group of systemic diseases related to oral hygiene,
certain types of malignancies were evaluated. A previous
prospective cohort study among male health professionals
showed that people who had a history of periodontal disease
had a 1.14-times higher risk of cancer than those without a
history of periodontal disease (7). In terms of types of cancer,
oral cancer is considered to be associated with oral hygiene
directly (8). A large-scale case-control study has indicated
that good oral hygiene was inversely associated with all head
and neck cancers (9). Others have reported that esophageal,
gastric and pancreatic cancers were associated with poor oral
hygiene (10-13). Even hematopoietic cancer has been shown
to be related to poor oral hygiene (7). Although several
studies regarding the association between oral hygiene and
malignancies have been published, the majority of them were
case-control study designs or focused on specific populations,
such as male health professionals or African American
females. Large-scale longitudinal studies of a variety of
populations are required to confirm these studies.

The aim of this study was to evaluate the association
between the frequency of daily tooth brushing and the
development of any type of malignancy in a large Japanese
cohort.

Patients and Methods

We conducted a retrospective longitudinal study at St. Luke’s
International Hospital, a large teaching hospital in Tokyo, Japan,
from 2005 to 2018. All adult participants who underwent health
check-ups at the center of preventive medicine in the hospital from
2005 to 2012 were included. These participants were asked about
their daily tooth brushing frequency as a part of their health check-
up. The participants were followed up until December 31, 2018 to
evaluate the study outcomes. Those who had a prior history of
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Table I. Baseline characteristics and outcomes by daily tooth-brushing frequency.

                                                                          Not everyday             Once              Once to twice         After every meal                Total             p-Value
                                                                              (n=194)             (n=35,402)             (n=4,243)                  (n=31,610)               (n=71,449)               

Outcomes                                                                                                                                                                                                                           
Development of any cancer                                24 (12.4)            2,552 (7.2)             218 (5.1)                  2,231 (7.1)                5,025 (7.0)          <0.01
C00-C14: Malignant neoplasms of the 
lips, oral cavity and pharynx (n=29)                   0 (0.0)                16 (0.1)                  0 (0.0)                       13 (0.1)                     29 (0.1)              0.55

C15-C26: Malignant neoplasms 
of digestive organs (n=1,504)                            10 (5.2)              826 (2.3)                62 (1.5)                     583 (1.8)                 1,481 (2.1)          <0.01
   Esophageal cancer (n=162)                               0 (0.0)                94 (0.3)                  7 (0.2)                       61 (0.2)                    162 (0.2)             0.16
   Gastric cancer (n=538)                                      4 (2.1)               298 (0.8)                23 (0.5)                     213 (0.7)                   538 (0.8)           <0.01
C30-C39: Malignant neoplasms 
of respiratory and intrathoracic 
organs (n=523)                                                      5 (2.6)               297 (0.8)                20 (0.5)                     195 (0.6)                   517 (0.7)           <0.01

C40-C41: Malignant neoplasms 
of bone and articular cartilage (n=1)                   0 (0.0)                 0 (0.0)                   0 (0.0)                        1 (0.0)                       1 (0.0)               0.51

C43-C44: Melanoma and other 
malignant neoplasms of the skin (n=71)             1 (0.5)                24 (0.1)                  5 (0.1)                       41 (0.1)                     71 (0.1)              0.02

C45-C49: Malignant neoplasms 
of mesothelial and soft tissue (n=12)                  0 (0.0)                10 (0.0)                  0 (0.0)                        2 (0.0)                      12 (0.0)              0.12

C50-C50: Malignant neoplasms 
of breast tissue (n=1,063)                                    0 (0.0)               379 (1.1)                40 (0.9)                     624 (2.0)                 1,043 (1.5)          <0.01

C51-C58: Malignant neoplasms 
of female genital organs (n=438)                        1 (0.5)               159 (0.5)                33 (0.8)                     240 (0.8)                   433 (0.6)           <0.01

C60-C63: Malignant neoplasms 
of male genital organs (n=776)                           3 (1.6)               485 (1.4)                29 (0.7)                     257 (0.8)                   774 (1.1)           <0.01

C64-C68: Malignant neoplasms 
of the urinary tract (n=235)                                 2 (1.0)               122 (0.3)                11 (0.3)                      98 (0.3)                    233 (0.3)             0.21

C69-C72: Malignant neoplasms 
of the eyes, brain and other parts 
of central nervous system (n=9)                          0 (0.0)                 6 (0.0)                   1 (0.0)                        2 (0.0)                       9 (0.0)               0.27

C73-C75: Malignant neoplasms of 
the thyroid and other endocrine 
glands (n=57)                                                        0 (0.0)                29 (0.1)                  4 (0.1)                        23 (.1)                      56 (0.1)              0.78

C76-C80: Malignant neoplasms of 
ill-defined, other secondary and 
unspecified sites (n=52)                                       0 (0.0)                26 (0.1)                  0 (0.0)                       26 (0.1)                     52 (0.1)              0.27

C81-C96: Malignant neoplasms 
of lymphoid, hematopoietic 
and related tissues (n=64)                                    0 (0.0)                36 (0.1)                  3 (0.1)                       24 (0.1)                     63 (0.1)              0.60

D00-D09: In situ neoplasms (n=28)                     0 (0.0)                16 (0.1)                  1 (0.0)                        9 (0.0)                      26 (0.0)              0.59
Unknown (n=231)                                                 2 (1.0)               121 (0.3)                 9 (0.2)                       93 (0.3)                    225 (0.3)             0.11
Demographics                                                                                                                                                                                            
Age, years (SD)                                                  48.2 (16.8)          46.2 (12.0)            43.9 (12.4)                 45.2 (12.0)                45.6 (12.0)          <0.01
Male, n (%)                                                         181 (93.3)         22,794 (64.4)         2,454 (57.9)              10,673 (33.8)           36,102 (50.5)        <0.01
Family history of any cancer                              66 (34.0)          13,902 (39.3)         1,776 (41.9)              12,542 (39.7)           28,286 (39.6)        <0.01
Body mass index, n (%)                                                                                                                                     <0.01
   Underweight (<18.5 kg/m2)                              5 (2.6)              2,229 (6.3)             319 (7.5)                 4,229 (13.4)               6,782 (9.5)               
   Normal (18.5-24.9 kg/m2)                               99 (51.0)          24,414 (69.0)         2,907 (68.5)              23,228 (73.5)           50,648 (70.9)             
   Obese/overweight (25.0 kg/m2<)                    90 (46.4)           8,758 (24.7)          1,017 (24.0)               4,152 (13.1)             14,017 (19.6)             
Follow-up, days                                                    1,487.5                  2,136                    1,448                         2,077                        1,896              <0.01
(interquartile range)                                         (707-3,005)         (791-3,297)          (770-1,757)               (917-3,296)              (830-3,229)

Social history                                                                                                                                                                                             
Alcohol, n (%)                                                                                                                                                                                                              <0.01
   Abstainer                                                          72 (37.1)          12,615 (35.6)         1,627 (38.4)              13,253 (41.9)           27,567 (38.6)             
   Occasional                                                        21 (10.8)           6,155 (17.4)           710 (16.7)                5,773 (18.3)             12,659 (17.7)             
   Regular                                                            101 (52.1)         16,632 (47.0)         1,906 (44.9)              12,584 (39.8)           31,223 (43.7)             
Smoking, n (%)                                                                                                                                                                                                            <0.01
   Never                                                                71 (36.6)          18,456 (52.1)         2,440 (57.5)              22,188 (70.2)           43,155 (60.4)             
   Former                                                              53 (27.3)           8,734 (24.7)          1,069 (25.2)               5,864 (18.6)             15,720 (22.0)             
   Current                                                              70 (36.1)           8,212 (23.2)           734 (17.3)                3,558 (11.3)             12,574 (17.6)             

Table I. Continued



malignancy at the time of their first visit to the center were excluded
from this study. Our primary outcome was the development of any
type of malignancy during the follow-up period, and our secondary
outcomes were the development of classified malignancies based on
the International Classification of Diseases 10 (ICD-10) (14). We
compared outcomes by frequency of daily tooth brushing, adjusting
for potential confounders.

St Luke’s International Hospital Ethics Committee Institutional
Review Board approved this study (approved number: 18-R203.
Comprehensive approvals for studies about social habits).

Outcomes. Our primary outcome was any type of malignancy during
the follow-up period. Information about the development of
malignancies was collected based on the following three
approaches: electronical medical records from the hospital, cancer
registry from the hospital, and participants’ self-report. Electronical
medical records from the hospital contained all information about
malignancies that were both clinically and pathologically diagnosed
at the hospital. The managers of the cancer registry of the hospital
collected all information about the malignancies diagnosed at other
hospitals by phone-call or referral documents. Participants were also
asked about their history of malignancies as a part of health check-
up. Malignancies were categorized into 16 groups based on ICD-10

as a secondary outcome. Among C15-C26, malignant neoplasms of
digestive organs in ICD-10, esophagus cancer and gastric cancer
were independently evaluated because previous studies cautioned
the association of an increased risk with frequency of daily tooth
brushing (12, 13). For those who developed malignancies multiple
times during follow-up, only the data from the first malignancy
development were used for analyses.

Frequency of daily tooth brushing. As part of the routine
questionnaire, participants who underwent health check-ups from
2005 to 2012 were asked about their daily tooth brushing frequency
on a typical day. Based on the response, we classified the
respondents into four groups: not every day, once a day, once to
twice a day, and every after meal. We defined the group who
brushed their teeth every after meal as the reference group.
Information about the frequency of daily tooth brushing was
obtained at each visit, so tooth-brushing frequency was considered
a time-dependent variable.

Covariates. As covariates of the association between frequency of
daily tooth brushing and the development of a malignancy, we
collected data about participants’ demographics, social history,
comorbidities and family history of malignancies. In terms of
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Table I. Continued.

                                                                          Not everyday             Once              Once to twice         After every meal                Total             p-Value
                                                                              (n=194)             (n=35,402)             (n=4,243)                  (n=31,610)               (n=71,449)               

Exercise, n (%)                                                                                                                                                                                     <0.01
   Almost none                                                    106 (54.6)         13,989 (39.5)         1,696 (40.0)              11,401 (36.1)            27,192 (38.1)             
   1-2 times per week                                          45 (23.2)          13,385 (37.8)         1,586 (37.4)              11,620 (36.8)            26,636 (37.3)             
   3-5 times per week                                          24 (12.4)           5,012 (14.2)           638 (15.0)                5,157 (16.3)             10,831 (15.2)             
   Almost all days                                                 19 (9.8)             3,016 (8.5)             323 (7.6)                 3,432 (10.9)               6,790 (9.5)               
Comorbidities                                                                                                                                                                                            
   Hypertension, n (%)                                         27 (13.9)            2,975 (8.4)             344 (8.1)                  1,932 (6.1)                5,278 (7.4)          <0.01
   Diabetes, n (%)                                                 17 (8.8)              998 (2.8)                13 (0.3)                     544 (1.7)                 1,572 (2.2)          <0.01
   Dyslipidemia, n (%)                                          14 (7.2)             1,663 (4.7)             222 (5.2)                  1,255 (4.0)                3,154 (4.4)          <0.01

Table II. Adjusted odds ratio for the development of any malignancy by daily tooth-brushing frequency.

                                                                                                     Adjusted odds ratio (95% confidence interval)

                                                                                                                 Daily tooth-brushing frequency

                                            Not everyday                                    Once a day                                  Once to twice a day                        After every meal

Model 1                            1.60 (1.08-2.36)                             1.28 (1.19-1.37)                                 0.78 (0.72-0.84)                                 Reference
Model 2                            1.53 (1.03-2.26)                             1.26 (1.17-1.35)                                 0.77 (0.72-0.83)                                 Reference
Model 3                            1.51 (1.02-2.24)                             1.25 (1.16-1.35)                                 0.78 (0.72-0.84)                                 Reference
Model 4                            1.52 (1.03-2.25)                             1.25 (1.16-1.35)                                 0.78 (0.72-0.83)                                 Reference

Model 1 was adjusted for time and participants’ age and sex; model 2 was adjusted for social history (smoking, alcohol consumption and exercise) and
body mass index in addition to the covariates in model 1; model 3 was adjusted for comorbidities (hypertension, diabetes and dyslipidemia) in addition
to the covariates in model 2; and model 4 was adjusted for family history of any cancer in addition to the covariates in model 3. The numbers in bold
indicate that the p-value was less than 0.05.



demographic data, participants’ age and sex were obtained. Height
and weight measured by trained staff were used to calculate body
mass index (BMI), which was categorized into three groups based
on the World Health Organization criteria for Asian populations:
underweight (BMI <18.5 kg/m2), normal (18.5-24.9 kg/m2) and
obese/overweight (≥25.0 kg/m2) (15). Family history of any
malignancy in second degree relatives was also obtained as part of
the questionnaire. Social history included smoking status (never,
former or current), alcohol consumption (abstainer, occasional
drinker or regular drinker) and exercise habits (almost none, 1-2
times a week, 3-5 times a week or almost all days). Comorbidities
included a self-reported current history of hypertension, diabetes or
dyslipidemia. All these datapoints were also obtained at each
follow-up visit and were considered time-dependent variables.

Statistical methods. We compared the participants’ baseline
characteristics and outcomes with baseline frequency of daily tooth
brushing using bivariable analyses. Continuous variables, except for

follow-up periods, were analyzed with analysis of variance (ANOVA).
The Kruskal-Wallis test was applied to analyze the follow-up periods
because this variable was not normally distributed. The chi-squared
test was applied to most categorical variables, and Fisher’s exact test
was applied to variables with relatively small numbers.

Then, multivariate longitudinal analyses with generalized
estimating equation (GEE) models were performed to calculate odds
ratios (ORs) of malignancies by frequency of daily tooth brushing.
We used a binomial distribution and the logit link function for the
model. Different covariates were applied to different models to find
consistent results; model 1 was adjusted for time and the
participants’ age and sex; model 2 was adjusted for social history
and BMI in addition to the covariates in model 1; model 3 was
adjusted for comorbidities in addition to the covariates in model 2;
and model 4 was adjusted for family history of cancer in addition
to the covariates in model 3. As a secondary analysis, the same
process was applied to each type of malignancy. Because both the
frequency of daily tooth brushing and the development of a
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Table III. Adjusted odds ratio for the development of each malignancy by daily tooth-brushing frequency.

                                                                                                                                         Adjusted odds ratio (95% confidence interval)

                                                                                                                                                    Frequency of daily tooth brushing

                                                                                                                  Not everyday            Once a day          Once to twice a day    After every meal

C00-C14: Malignant neoplasms of the lips, 
oral cavity and pharynx (n=29)                                                                        –                  2.41 (0.89-6.53)          0.73 (0.29-1.82)            Reference

C15-C26: Malignant neoplasms of 
digestive organs (n=1,481)                                                                   1.53 (0.87-2.70)      1.28 (1.11-1.46)          0.77 (0.67-0.88)             Reference

   Esophageal cancer (n=162)                                                                            –                  1.11 (0.74-1.66)          0.74 (0.50-1.10)            Reference
   Gastric cancer (n=538)                                                                       1.34 (0.54-3.30)      1.20 (0.97-1.49)          0.79 (0.63-1.00)            Reference
C30-C39: Malignant neoplasms of respiratory 
and intrathoracic organs (n=517)                                                         1.68 (0.62-4.61)      1.40 (1.10-1.78)          0.97 (0.78-1.20)            Reference

C40-C41: Malignant neoplasms of bone 
and articular cartilage (n=1)                                                                             –                               –                                  –                         Reference

C43-C44: Melanoma and other malignant 
neoplasms of the skin (n=71)                                                               2.13 (0.28-16.0)      0.65 (0.33-1.28)          0.47 (0.26-0.85)             Reference

C45-C49: Malignant neoplasms of 
mesothelial and soft tissue (n=12)                                                                   –                  5.67 (1.45-22.1)          0.36 (0.04-3.38)            Reference

C50-C50: Malignant neoplasms of breast tissue
(n=1,043)                                                                                                            –                  1.20 (1.02-1.42)          0.79 (0.68-0.92)             Reference
C51-C58: Malignant neoplasms of female genital organs (n=433)                –                  1.30 (1.02-1.65)          1.13 (0.88-1.44)            Reference
C60-C63: Malignant neoplasms of male genital organs (n=774)       0.86 (0.35-2.11)      1.66 (1.38-2.01)          0.79 (0.66-0.96)             Reference
C64-C68: Malignant neoplasms of the urinary tract
(n=233)                                                                                                   1.39 (0.34-5.73)      1.18 (0.85-1.64)          0.70 (0.50-0.99)             Reference
C69-C72: Malignant neoplasms of the eyes, brain and 
other parts of central nervous system (n=9)                                                    –                  10.9 (1.71-69.9)          1.46 (0.24-8.97)            Reference

C73-C75: Malignant neoplasms of the thyroid and 
other endocrine glands (n=56)                                                                         –                  1.38 (0.67-2.84)          1.17 (0.62-2.24)            Reference

C76-C80: Malignant neoplasms of ill-defined, other 
secondary and unspecified sites (n=52)                                                           –                  1.93 (0.98-3.80)         0.45 (0.20 -0.99)            Reference

C81-C96: Malignant neoplasms of lymphoid, hematopoietic 
and related tissues (n=63)                                                                    5.48 (0.71-42.0)      1.60 (0.86-2.97)          0.71 (0.36-1.42)            Reference

D00-D09: In situ neoplasms (n=26)                                                                 –                  1.99 (0.78-5.08)          2.97 (0.95-9.24)            Reference
Unknown (n=225)                                                                                  1.22 (0.17-8.81)      1.12 (0.82-1.53)          0.68 (0.47-0.98)             Reference

Analyses were adjusted for time and participants’ age and sex, social history, body mass index, comorbidities and family history of any cancer. The
number in bold indicates that the p-value was less than 0.05.



malignancy were considered to be different between sexes, we
examined the interaction term between the frequency of daily tooth
brushing and sex on the outcome. If the interaction term was
statistically significant, then we would analyze the data after
stratifying by sex. In addition, to evaluate the association with
malignancies other than those that have previously been reported,
we performed subanalysis with the data of any malignancy except
for C00-C14( malignant neoplasms of the lips, oral cavity and
pharynx; esophageal cancer; and gastric cancer, which were
reported to be associated with oral hygiene in previous studies).

All analyses were performed by using STATA 14 in 2019
(STATA Corp., College Station, TX, USA).

Results

A total of 71,449 participants were included in this study.
The mean age (standard deviation) was 45.6 (12.0) years,
and 36,102 (50.5%) of the participants were male. Table I
shows the baseline characteristics based on the frequency of
daily tooth brushing. As the daily tooth-brushing frequency
decreased, participants were more likely to be older, male
and obese/overweight. Additionally, as the frequency of daily
tooth brushing decreased, unhealthier lifestyles, such as
regular drinking, current smoking and less exercise, were
more common. All comorbidities, including hypertension,
diabetes and dyslipidemia, increased as the frequency of
daily tooth brushing decreased.

During a median follow-up period of 1,896 (interquartile
range=830-3,229) days, 5,025 participants (7.0%) developed
some type of malignancy. The development of malignancies and
their types according baseline frequency of daily tooth brushing
are summarized in Table I. In multivariate longitudinal analyses
after adjusting for potential covariates, not brushing teeth
everyday (OR=1.52, 95% confidence interval (CI)=1.03-2.25 in
model 4) and brushing teeth once a day (OR=1.25, 95%CI=1.16-
1.35 in model 4) had significantly higher ORs for the
development of any type of malignancy compared to brushing
teeth after every meal (Table II). However, those who brushed
their teeth once to twice a day had significantly lower ORs for
any type of malignancy than those who brushed their teeth after
every meal (OR=0.78, 95%CI=0.72-0.83 in model 4). There was
no interaction between daily tooth-brushing frequency and sex
on the development of malignancies (p=0.37).

In secondary analyses of each type of malignancy, similar
associations were observed for most types of malignancies,
except for C51-C58 (malignant neoplasms of female genital
organs) (Table III). Although a sufficient number of events
was observed in C51-C58 (malignant neoplasms of female
genital organs) (n=433), those who brushed their teeth once
to twice a day had a slightly higher, but not statistically
significant, OR for the malignancies than those who brushed
their teeth after every meal (OR=1.13, 95%CI=0.88-1.44).

Even after excluding the data about the development of
C00-C14 (malignant neoplasms of the lips, oral cavity and

pharynx, esophageal cancer, and gastric cancer) the
association of not brushing teeth every day and brushing
teeth once a day with a greater development of any type of
malignancy and brushing teeth once to twice a day with a
lower development of malignancies than brushing teeth
every after meal were still observed (OR=1.62, 95%CI=1.05-
2.49 for not brushing teeth every day; OR=1.26,
95%CI=1.16-1.37 for brushing teeth once a day; OR=0.78,
95%CI=0.72-0.84 for brushing teeth once to twice a day).

Discussion

Our study demonstrated that not brushing teeth every day
and brushing teeth once a day were associated with an
increased risk of developing any malignancy, not only head,
neck or upper gastrointestinal cancers, compared to brushing
teeth after every meal. In contrast, brushing teeth once to
twice a day was associated with a lower risk of developing
any malignancy than brushing teeth after every meal.
Our finding that less frequent daily tooth brushing was
associated with an increased risk for the development of
malignancies supported the findings of previous studies and
extended the evidence to other types of malignancies that
were not evaluated in previous studies. A previous large
prospective cohort study among U.S. male health
professionals suggested that low oral hygiene was associated
with an increased risk for lung, hematopoietic, kidney and
prostate cancers (7). Another cohort study among African
American women reported that poor oral health was related
to pancreatic cancer (11). The association with these
malignancies was still observed in our study, although some
were not statistically significant, probably due to the limited
number of events. In our study, other types of malignancies,
such as C45-C49 (malignant neoplasms of mesothelial and
soft tissue), C50-C50 (malignant neoplasms of breast tissue),
C51-C58 (malignant neoplasms of female genital organs)
and C73-C75 (malignant neoplasms of thyroid and other
endocrine glands), tended to be observed more frequently
among those who brushed their teeth less frequently. Based
on the results, the frequency of tooth brushing may be
associated with malignancies regardless of type.

Two main underlying mechanisms were proposed for the
association: local inflammation and systemic inflammation
due to alterations in the oral microbiota and periodontal
diseases (10, 16). Periodontal disease is now considered not
only a local infection but also a systemic disease, which may
play some roles in the development of malignancies (7). In
fact, patients with periodontal infection had increased
circulating inflammatory markers, such as c-reactive protein
and fibrinogen (17-19). In addition, Porphyromonas
gingivalis (P. gingivalis), which is one of the most common
pathogens causing periodontal diseases, was said to play
some roles in carcinogenesis and cancer growth through the
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immune-response pathway (11, 20, 21). Local inflammation
associated with this mechanism may be associated with head
and neck cancers, including cancers of the oral cavity, and
systemic inflammation may be associated with distant
malignancies, such as pancreatic cancer. Given that our study
revealed that the frequency of tooth brushing was inversely
associated with malignancies regardless of type, systemic
inflammation may have a higher impact on carcinogenesis.

The reasons why brushing teeth once to twice a day was
associated with a lower risk of malignancies than brushing
teeth after every meal in our study are unclear. However, the
difference in the definition of frequency of tooth brushing
might play some roles in the result. Most previous studies
divided the frequency into daily, less than daily and never
(11-13), whereas our study divided the frequency into not
every day, once a day, once to twice a day, and after every
meal. In other words, the individuals in our sample may have
advanced oral hygiene awareness compared to the awareness
of participants in other studies. Because some experts have
cautioned against excessive tooth brushing (22), appropriate
oral care might be recommended. 

Our study has certain limitations. Our study assessed the self-
reported frequency of daily tooth brushing, but did not include
an objective evaluation of oral hygiene, including periodontal
diseases. Although the frequency of tooth brushing was reported
to be associated with the prevalence of periodontal diseases
(23), the direct impact of periodontal diseases on malignancies
cannot be assessed. Second, the median follow-up of 1,896 days
(5.2 years) may be relatively short to evaluate the development
of malignancies. Although a sufficient number of events
occurred in terms of any type of malignancy, additional events
are required to evaluate rare malignancies. Finally, almost all
our study’s population was Japanese, so we may not be able to
generalize the results to populations of other races.

Conclusion

As the daily tooth-brushing frequency increased, with the
exception of brushing every after meal, the development of
any type of malignancy decreased. Compared to brushing after
every meal, brushing once to twice a day may be associated
with a lower risk of malignancies. Additional studies regarding
the effects of brushing after every meal are required.
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