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Abstract

Aims: Poor oral hygiene can provoke transient bacteremia and systemic inflammation, a mediator of atrial fibrillation and
heart failure. This study aims to investigate association of oral hygiene indicators with atrial fibrillation and heart failure
risk in Korea.

Methods: We included 161,286 subjects from the National Health Insurance System-Health Screening Cohort who had
no missing data for demographics, past history, or laboratory findings. They had no history of atrial fibrillation, heart
failure, or cardiac valvular diseases. For oral hygiene indicators, presence of periodontal disease, number of tooth
brushings, any reasons of dental visit, professional dental cleaning, and number of missing teeth were investigated.
Results: During median follow-up of 10.5 years, 4911 (3.0%) cases of atrial fibrillation and 7971 (4.9%) cases of heart
failure occurred. In multivariate analysis after adjusting age, sex, socioeconomic status, regular exercise, alcohol con-
sumption, body mass index, hypertension, diabetes, dyslipidemia, current smoking, renal disease, history of cancer,
systolic blood pressure, blood and urine laboratory findings, frequent tooth brushing (>3 times/day) was significantly
associated with attenuated risk of atrial fibrillation (hazard ratio: 0.90, 95% confidence interval (0.83-0.98)) and heart
failure (0.88, (0.82-0.94)). Professional dental cleaning was negatively (0.93, (0.88-0.99)), while number of missing teeth
>22 was positively (1.32, (1.11-1.56)) associated with risk of heart failure.

Conclusion: Improved oral hygiene care was associated with decreased risk of atrial fibrillation and heart failure.
Healthier oral hygiene by frequent tooth brushing and professional dental cleaning may reduce risk of atrial fibrillation
and heart failure.
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(HF) is a clinical syndrome accompanied by decreased
ability of cardiac contraction or pumping and/or
filling with blood."” HF is also one of the most
frequent cardiovascular diseases worldwide. The
prevalence of HF is continuously increasing. Despite
recent advances for treatment and prevention for HF,
HF-related morbidity and mortality remain as high as
ever.'! Therefore, it is important to identify and
control risk factors or causative factors of AF and
HF. Up to now, risk factors such as hypertension,
coronary artery occlusive disease, cardiomyopathy,
alcohol consumption, and smoking have been identi-
fied.'>!® However, information about other modifiable
risk factors is lacking.'*'?

Periodontal disease is common in the general popu-
lation. It is closely related to oral hygiene behavior such
as tooth brushing.'® Indicators of oral hygiene include
presence of periodontal disease, number of tooth brush-
ing per day, professional dental cleaning, and number
of missing teeth.!” ' Poor oral hygiene can provoke
transient bacteremia and systemic inflammation, an
immune process known to be a mediator of AF and
HF.?*?! However, studies regarding the association of
oral hygiene indicators with occurrence of AF and HF
are lacking.

We hypothesized that improved oral hygiene care
would be associated with decreased risk of AF and
HF. Thus, the aim of this study was to investigate the
association of oral hygiene indicators with risk of AF
and HF in a nation-wide general population based lon-
gitudinal study.

Methods
Subjects

The National Health Insurance System (NHIS) covers
demographics, socioeconomic status, type of health
insurance coverage, medical database for diagnosis,
and treatment modality. It provides a nation-supported
health examination database and a medical care insti-
tution database through random sampling of health
information for 50 m Koreans.??> In Korea, the NHIS
is the sole insurance provider. It is controlled and sup-
ported by the Korean government. It covers approxi-
mately 97% of the Korean population. The remaining
3% are supported by the Medical Aid program.
Subscribers of the NHIS are recommended to receive
standardized medical health examinations every two
years.”> We enrolled subjects from the National
Health Insurance System-National Health Screening
Cohort (NHIS-HEALS).>* The NHIS-HEALS cohort
enrolled subjects who participated in medical health
screening programs. Their height, weight, laboratory
tests, questionnaires on lifestyle, oral health disease,

and oral hygiene behaviors were all obtained by the
NHIS. The oral health disease and oral hygiene behav-
iors screening program was provided to subscribers
aged >40 years. It consisted of a self-reported question-
naire regarding information about dental symptoms,
any dental visits at last year, and oral hygiene behavior.
Subjects were investigated by dentists for presence of
periodontal disease and condition of teeth including
number of missing teeth. If there were dental problems,
oral hygiene care was recommended to participants if
necessary.”’

Our study was based on data from the NHIS-
HEALS. Subjects were enrolled from 2003-2004, who
were aged between 40-79 years. All subjects had rou-
tine medical examinations including previous history of
medical illness, body weight, height, blood pressure
measurements, laboratory tests, and lifestyle question-
naire. The total number of recruited subjects was
514,866. Among them, subjects with missing data for
variables such as oral health status (n=2343,037) or
variables in health examination (n =8094) and subjects
with previous history of AF, HF, or cardiac valvular
diseases (n = 2449) were excluded. Finally, 161,286 sub-
jects were analyzed in this study (Supplementary
Material Figure 1). This study was approved by the
Ewha Womans University of College of Medicine
Institutional Review Board (approval number:
EUMC 2018-01-067). Informed consent was waived
because retrospective anonymized data were used.

Study variables and definitions

Information on smoking habits and alcohol consumption
was obtained by questionnaire. Body mass index was
defined as the participant’s weight in kilograms divided
by the square of the participant’s height in meters.
Regular physical exercise was considered to be strenuous
physical activity performed for at least 20 minutes more
than once per week. Economic status was dichotomized
at the bottom 10% level. Hypertension was defined using
the International Statistical Classification of Diseases
Related Health Problems (ICD)-10 codes 110-111 and
the prescription of an antihypertensive agent with at
least one claim per year.”*?> Diabetes mellitus was
defined using ICD-10 codes E10-E14 and the prescrip-
tion of an antidiabetic medication with at least one claim
per year. Dyslipidemia was defined using ICD-10 code
E78 and the prescription of a lipid-lowering agent with at
least one claim per year. Renal disease was considered as
using ICD-10 codes N18.1-N18.5 and N18.9 with at
least one claim per year. Malignancy was defined as
using ICD-10 codes C00-D48 with at least one claim
per year.

Subjects were examined by dentists as part of routine
health check-up.>> Periodontal disease was considered
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as the presence of the ICD-10 codes, including acute
periodontitis (K052), chronic periodontitis (K053), per-
iodontosis (K054), other periodontal disease (K055),
and unspecified periodontal disease (K056) that were
diagnosed by dentists and when more than two times
of claims occurred. The number of tooth brushings
were categorized by: 0-1 times/day, =2 times/day,
and >3 times/day. Any reasons of dental visit and pro-
fessional dental cleaning were categorized into “yes” or
“no” based on the self-reported question (Have you
been to a dental clinic for any reasons for in the last
year?; Have you ever had professional dental cleaning
in the last year?). Lost teeth were detected by dentists
during oral health examination. The number of missing
teeth was classified as 0, 1-7, 814, 15-21, and >22
regardless of the causes such as periodontal disease or
other dental reasons. Index date was defined as the date
of the oral health status test. In case of variables with
serial measurements, such as body mass index, blood
pressure, risk factors, blood laboratory findings, and
oral hygiene indicators, the result of the latest measure-
ments during the period 2002-2003 was used for ana-
lysis. The outcomes were occurrence of AF (ICD-10
code: 148) and HF (ICD-10 code: 150) with at least
two claims per year. These codes were validated and/
or utilized from a previous study.?° The diagnostic
accuracy of AF (ICD-10 code: 148) was validated by
reviewing electrocardiograms and the positive predict-
ive value for diagnosis was 94.1%.%*

Statistical analysis

Chi-squared test and independent f-test were performed
for comparison of categorical and continuous variables,
respectively. Kaplan—Meier survival curves were used
to evaluate the relationship between oral hygiene indi-
cators and the incidence of AF and HF. The statistical
differences among oral hygiene indicators in Kaplan—
Meier curves were assessed using log-rank tests. The
Cox proportional hazard model was applied to deter-
mine the association of oral hygiene indicators and
occurrence of AF and HF. The hazard ratio (HR)
and 95% confidence interval (CI) were determined.
Multivariable regression models were constructed
with adjustment for model 1 (age, sex, socioeconomic
status, regular exercise, alcohol consumption, body
mass index (kg/m?), hypertension, diabetes mellitus,
dyslipidemia, smoking status, renal disease, and history
of cancer), model 2 (model 1 + systolic blood pressure,
fasting blood sugar, liver panel, and presence of pro-
teinuria), and model 3 (model 2 4 periodontal disease,
tooth brushing, dental visit for any reasons, profes-
sional dental cleaning and number of missing teeth).
All statistical analyses were performed using SAS soft-
ware (version 9.2, SAS Institute, Cary, North Carolina,

USA). A p value of less than 0.05 was defined as stat-
istically significant.

Results

The mean age of subjects was 52.2 8.7 years. Males
accounted for 61.2%. Periodontal disease was present
in 13.4% of all subjects. Subjects with hypertension,
diabetes mellitus, and status of current smoker
accounted for 38.9%, 9.0%, and 25.1%, respectively.
Subjects with 0—1 tooth brushing per day, two times a
day, and >3 times a day accounted for 14.6%, 44.6%,
and 40.8%, respectively. Professional dental cleaning
was performed for 24.1% of subjects (Table 1).
Supplementary Material Table 1 shows difference
between subjects with and without periodontal disease.

During a median follow-up of 10.5 years, 4911
(3.0%) cases of AF and 7971 (4.9%) cases of HF
occurred. Kaplan—Meier survival curves showed that
the risk for AF and HF was lower in subjects without
periodontal disease. The risk of AF and HF was lower
in groups with frequent tooth brushing and profes-
sional dental cleaning. In contrast, subjects with
larger number of missing teeth were associated
with increased risk of AF and HF (Figures 1 and 2,
Tables 2 and 3).

In multivariate analysis, frequent tooth brushing
(>3 times/day) was significantly associated with attenu-
ated risk of AF (HR: 0.89, 95% CI: 0.82-0.97, p=0.005,
p for trend=0.004 in model I; HR: 0.90, 95% CI:
0.83-0.98, p=0.014, p for trend=0.011 in model 2;
HR: 0.90, 95% CI: 0.83-0.98, p=0.014, p for
trend=0.011 in model 3) even after adjusting for
confounding factors (Table 2). In contrast, the statistical
significance for the relationship of periodontal disease,
professional dental cleaning, and number of missing
teeth with future occurrence of AF was diminished after
adjusting for confounding factors in models 1-3 (Table 2).

Table 3 shows the risk of HF according to oral health
and hygiene care. Frequent tooth brushing ( >3 times/day)
was related with decreased risk of HF occurrence (HR:
0.87, 95% CI: 0.82-0.93, p < 0.001, p for trend <0.001 in
model 1; HR: 0.88, 95% CI: 0.82-0.94, p <0.001, p for
trend <0.001 in model 2; HR: 0.88, 95% CI: 0.83-0.94,
p<0.001, p for trend <0.001 in model 3). Moreover, pro-
fessional dental cleaning was associated with an attenuated
risk of HF (HR: 0.93, 95% CI: 0.88-0.98, p=0.011 in
model 1; HR: 093, 95% CI. 0.88-0.99, p=0.015
in model 2; HR: 0.94, 95% CI: 0.89-1.01, p=0.076 in
model 3). In addition, number of missing teeth >22 was
positively associated with risk of HF occurrence (HR: 1.35,
95% CI: 1.14-1.60, p = 0.001, p for trend = 0.001 in model
I; HR: 1.32, 95% CI. 1.11-1.56, p=0.001, p for
trend =0.002 in model 2; HR: 1.31, 95% CI: 1.11-1.55,
p=0.001, p for trend =0.004 in model 3).



European Journal of Preventive Cardiology 0(00)

Table 1. Baseline characteristics of the study population.

Characteristics Total
Number of subjects 161,286
Age (years) 522487
Male sex 98,671 (61.2)
Income levels
Fifth quintile (highest) 64,331 (39.9)
Fourth quintile 32,793 (20.3)
Third quintile 22,101 (13.7)
Second quintile 20,028 (12.4)
First quintile (lowest) 21,796 (13.5)
Covered by medical aid 237 (0.1)
Alcohol consumption 76,288 (47.3)
Regular physical activity 15,688 (9.7)
Anthropometric measurements
Body mass index (kg/mz) 23.9+29
Systolic blood pressure (mm Hg) 126.3 = 17.1
Diastolic blood pressure (mm Hg) 793+11.2

Comorbidities

Hypertension

62,774 (38.9)

Diabetes mellitus 14,520 (9.0)
Dyslipidemia 25,668 (15.9)
Current smoking 40,447 (25.1)
Renal disease 12,587 (7.8)
History of cancer 274 (0.2)
Laboratory findings
Total cholesterol (mg/dl) 198.1 +36.4
Fasting blood sugar (mg/dl) 97.0+28.9
Aspartate aminotransferase (U/l) 26.1 +16.3
Alanine aminotransferase (U/l) 25.5+20.2
Gamma-glutamyl transferase (U/l) 38.3+534
Proteinuria (>+1 in dipstick test) 4848 (3.0)
Oral health status
Number of missing teeth
0 122,757 (76.1)
-7 34,577 (21.4)
8-14 2350 (1.5)
15-21 765 (0.5)
>22 837 (0.5)

Oral hygiene care
Dental visit for any reasons

Number of tooth brushings (times/day)

68,537 (42.5)

0-1 23,614 (14.6)
2 71,928 (44.6)
>3 65,744 (40.8)
Dental visit for professional cleaning 38,847 (24.1)

Values of p by Student’s t-test and Chi-square test. Data are expressed as
the mean =+ standard deviation (SD), or n (%).

In the subgroup analysis, there were no statistical
interactions regarding the relationship of tooth brush-
ing number with AF and HF occurrence according to
demographics or comorbidities (age (dichotomized at
50 years), sex, alcohol consumption, regular physical
activity, hypertension. diabetes mellitus, dyslipidemia,
and current smoking status) in multivariate models 1-3
(Supplementary Material Tables 2 and 3).

Discussion

The key findings of our study were: (a) frequent tooth
brushing (>3 times per day) was negatively associated
with risk of AF and HF occurrence; and (b) profes-
sional dental cleaning was negatively associated with
risk of HF occurrence while increased number of miss-
ing teeth was positively associated with such risk after
adjusting for confounding factors. Our study demon-
strated that frequent tooth brushing, especially fre-
quent tooth brushing >3 times per day, decreased the
risk of AF. Previous studies have revealed the correl-
ation of oral hygiene and cardiovascular disease risk.
Poor oral hygiene was related to increased risk of car-
diovascular disease and low grade inflammation in a
Scottish Health Survey.”” Improving oral hygiene
behaviors, for example, professional dental cleaning
and frequent tooth brushing, attenuated the risk of
future cardiovascular diseases in an Asian popula-
tion.”> A systematic review suggested that there is a
general consensus for preventive screening and treat-
ment for dental infections in the patients undergoing
cardiothoracic and cardiovascular intervention.?®
Previously, one study has proposed that periodontitis
is an independent factor of arrhythmic events in
patients with AF and AF highly occurs in patients
with severe periodontitis.” Considering HF, perform-
ing tooth scaling is associated with decreased risk of
myocardial infarction.’® Because coronary artery
occlusive disease is an important cause of HF,’' an
association between poor oral hygiene care or peri-
odontal disease and HF seems possible. Another
study has reported that there is a high occurrence of
periodontal disease in chronic heart failure patients.*”
In addition, low income, alcohol consumption, hyper-
tension, diabetes mellitus, and smoking are common
risk factors for periodontal disease and HF.** Owing
to common risk factors shared between poor oral
hygiene and HF, these facts may explain the relevance
of our study.

Although our study did not suggest the exact mech-
anism underlying the relationship of frequent tooth
brushing with AF and HF, several hypotheses can
explain this association. First, subgingival biofilm
in periodontal pockets enables translocation of oral
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Figure 1. Kaplan-Meier survival curves associated with oral health diseases and oral hygiene behaviors for risk of atrial fibrillation
occurrence. The Kaplan-Meier curve shows that risk of atrial fibrillation occurrence depends on the presence of periodontal disease
(2) (p=0.010), number of missing teeth (c) (p < 0.001), number of tooth brushing (d) (p <0.001), and professional dental cleaning
(e) (p <0.001), but not dental visit for any reason (b) (p =0.685).
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Figure 2. Kaplan-Meier survival curves associated with oral health diseases and oral hygiene behaviors for risk of heart failure
occurrence. The Kaplan-Meier curve shows that risk of heart failure occurrence depends on dental visit for any reason (b) (p <0.001),
number of missing teeth (c) (p < 0.001), number of tooth brushing (d) (p <0.001), and professional dental cleaning (e) (p < 0.001), but

not the presence of periodontal disease (a) (p=0.110).

bacteria into the systemic circulation. Particularly,
Porphyromonas gingivalis can cause alteration of gut
microbiota configuration and initiate indirect induc-
tion of systemic inflammation in response to secretion

of many toxins.** Second, systemic inflammations due
to poor oral hygiene care and periodontal disease are
associated with AF. Serum inflammatory markers
including tumor necrosis factor-a, interleukin (IL)-6,
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IL-2, and C-reactive protein are associated with a
higher risk of AF. They are elevated in patients with
periodontal disease.>>>° These pro-inflammatory con-
ditions could promote occurrence of AF by electrical
and structural remodeling. Moreover, systemic inflam-
mation can facilitate atherosclerotic change, valve
injury, and myocardial damage, consequently resulting
in HF (Figure 3).

In our study, the presence of periodontal disease,
professional dental cleaning, and lower number of miss-
ing teeth were related with lower risk of AF. Moreover,
a dental visit for any reason was related with a lower
risk for occurrence of HF even in univariate analysis.
On the other hand, after adjusting for various import-
ant confounding factors, these associations became
statistically insignificant. This indicates that other fac-
tors might be associated with AF and HF rather than
poor oral hygiene and/or improving oral hygiene
behaviors. Furthermore, in our study, professional
dental cleaning and the number of missing teeth were
associated with HF only but not AF. These diverse
associations with oral hygiene indicators could be

associated with or affect the occurrence of AF and
HF to a different extent.

This study has several limitations. First, our study
could not be generalized to other ethnicities because
our data set consisted of only individuals in the Asian
population. Second, although our study used the defin-
ition of AF and HF based on previous studies which
validated or confirmed the diagnostic accuracy, no
actual electrocardiography or echocardiographic find-
ings were identified in our study. Third, we did not
confirm the presence of periodontal diseases by dental
X-rays. Additionally, we could not identify the exact
cause of missing teeth through health examination.
However, the existence of periodontal disease and lost
teeth were confirmed objectively by dentists. Fourth,
the educational level, marital status, and data about
blood inflammatory markers, such as C-reactive pro-
tein, were not included because the NHIS-HEALS
dataset did not deal with personal information and
blood inflammatory markers. Fifth, since the screening
was based on 2002-2003 examinations, the number of
regular check-ups and dental visits cannot be checked.

Subgingival biofilm in
periodontal pocket and
inflammatory exudate

Dental caries Periondontal di

| Inflammation in gum and destructed bone |

Protection

Tooth brushing and professional dental cleaning

| Decrease inflammation in gum |

Connexin TNF

Atrial fibrillation | | |
Gap junction '..' o'.
I

[t | Electrical remodeling |

Collagen in
cardiomyocyte

=7

o

Inflammatory cytokines release
(interleukin-2, interleukin-6, TNF-o,
C-reactive protein, etc.) &
activation of inflammatory cells

| Structural remodeling ‘

Atherosclerotic
plaque

Valve injury

Heart failure

Myocardium
injury

Figure 3. Possible mechanism regarding the association of oral hygiene with occurrence of atrial fibrillation and heart failure.

TNF, tumor necrosis factor.
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Sixth, because information about oral hygiene indica-
tors including the number of tooth brushings, dental
visit for any reasons, and professional dental cleaning
and other behavioral information were acquired from
the self-reported questionnaire, there may be recall
bias. Seventh, although oral hygiene indicators and
risk factors can be changed during follow-up, our
study did not consider these time-varying factors.
Finally, although it was a longitudinal study, our
study was a retrospective cohort study. Therefore, a
causal relationship could not be identified.

Conclusion

Our study demonstrated that improved oral hygiene
care was associated with a lower risk of AF and HF.
Healthier oral hygiene attained by frequent tooth
brushing and professional dental cleaning may decrease
risk of AF and HF.
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