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status and risk of atrial fibrillation: a nationwide
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Abstract

Background Periodontal disease can activate an immune process linked to systemic diseases, including atrial fibrilla-
tion. However, the relationship between periodontal disease and atrial fibrillation remains unclear.

Aim This study aimed to investigate whether changes in periodontal disease status are associated with the risk of
atrial fibrillation.

Methods Using the National Health Insurance Database Korea, participants who underwent the first oral health
examination in 2003 and a second examination in 2005-2006 without a history of atrial fibrillation were included. Par-
ticipants were grouped according to changes in periodontal disease status during two oral examinations: periodontal
disease-free, periodontal disease-recovered, periodontal disease-developed, and periodontal disease-chronic. The
outcome was the incidence of atrial fibrillation.

Results The study included 1,254,515 participants, with a median follow-up of 14.3 years and 25,402 (2.02%) cases of
atrial fibrillation occurred. During follow-up, the risk of atrial fibrillation was highest in the periodontal disease-chronic
group, followed by the periodontal disease-developed, periodontal disease-recovered, and periodontal disease-free
groups (p for trend < 0.001). Moreover, recovery from periodontal disease was associated with a reduced risk of atrial
fibrillation compared to a chronic periodontal disease status (Hazard ratio: 0.97, 95% Confidence interval: 0.94—0.99,
p=0.045). The development of periodontal disease was associated with an increased risk of atrial fibrillation com-
pared to being periodontal disease-free (Hazard ratio: 1.04, 95% Confidence interval: 1.01—1.08, p=0.035).

Conclusion Our findings suggest that changes in periodontal disease status impact the risk of atrial fibrillation. Man-
agement of periodontal disease may help prevent atrial fibrillation.
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Introduction

Atrial fibrillation (AF) is one of the most common car-
diac arrhythmia worldwide and a major risk factor for
systemic thromboembolism and stroke [1-5]. Previous
studies have also shown that AF leads to critical morbid-
ity and mortality [6, 7]. With the global population aging,
the disease burden of AF is expected to increase, [4, 8,
9] making risk factor identification in AF crucial. Fac-
tors such as hypertension, cardiomyopathy, smoking, and
alcohol consumption showed its association with AF to
date [10]. Further research, especially in finding the mod-
ifiable risk factors for developing AF, is one of the major
concerns.

Periodontal disease is a serious gum infection that
damages the surrounding soft tissues and can lead to
destruction of the bony structure that supports teeth
without treatment. Moreover, periodontal disease can
also provoke transient bacteremia and systemic inflam-
mation, linked to the development of systemic dis-
eases, including AF [11-14]. Studies have reported that
periodontal disease is associated with increased levels
of systemic inflammatory biomarkers and correlated
with various cardiovascular disorders, including coro-
nary artery disease and AF [15, 16]. Numerous studies
conducted on both animals and humans suggest that
systemic inflammation is a significant factor in the devel-
opment of atrial remodeling, which serves as the initial
substrate for the onset of AF [16, 17]. Although periodon-
tal disease is highly prevalent in the general population, it
is readily treatable and preventable [18]. Therefore, peri-
odontal disease could be a significant modifiable risk fac-
tor in the development of AF. However, current research
lacks a large sample size study examining the correlation
between the persistence or improvement of periodontal
disease and AF risk.

In this study, we aimed to investigate the association
between changes in periodontal disease status and the
risk of developing AF in a nationwide general population
based on a longitudinal study. We hypothesized that the
risk of developing AF may vary based on whether peri-
odontal disease improves or persists over time.

Methods

Database

The National Health Insurance Database, provided by
the Korean National Health Insurance Service (NHIS),
was used in this study. The database contains medi-
cal information of the entire population of Korea with
demographics, socioeconomic status, type of health
insurance coverage, and nation-supported health exami-
nation information [19]. In Korea, the NHIS is the sole
insurance provider. It is controlled and supported by the
Korean government. The NHIS covers approximately
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97% of the Korean population; the Medical Aid program
of NHIS supports the remaining 3%. Subscribers of the
NHIS are recommended to receive standardized medi-
cal health examinations every 1-2 years [20]. While the
primary goal of health examinations is to enhance the
health of the entire population by detecting diseases
early and offering guidance on disease management, the
NHIS anonymizes the collected data from participants
and offers it as a research database to health research-
ers for research purposes. We requested data from NHIS
on individuals over 20 years who underwent oral health
examinations in 2003 (dataset number: NIHS-2022-
01-313). The data contains demographic information,
medical information—the claims database of diagno-
sis, treatment, and prescription, and health examination
information—height, weight, household income, health-
related lifestyle, and oral health status examined by den-
tists. This study was approved by the Institutional Review
Board of Ewha Womans University College of Medicine
(2021-07-034) and received a consent waiver.

Study population and variables

This study included all participants (12=1,313,496)
who underwent two consecutive oral health examina-
tions during the first period (in 2003) and the second
period (from 2005 to 2006). We excluded participants
with missing data for variables of interest (n=55,467)
and a previous history of AF (n=3,514). Finally, the study
included 1,254,515 participants for analysis (Fig. 1).

The participants received two oral examinations:
the first one in 2003 and the second one in 2005-2006.
Professional dentists, who completed training prior to
the examinations, assessed periodontal disease dur-
ing these examinations. Study participants were divided
into four groups based on the changes in periodontal
disease status at the two oral examinations. Periodontal
disease was evaluated by measurement of the periodon-
tal pocket depth, a widely used indicator of periodontal
tissue destruction, or by assessing gingival inflammation
during oral health examination [21-23]. The evaluation
of gingival inflammation involves visual assessment of
changes in gingival color, loss of stippling, and bleeding
upon probing. The four groups are as follows: (1) peri-
odontal disease-free (participants who were consistently
free from periodontal disease during the two examina-
tions), (2) periodontal disease-recovered (participants
who had periodontal disease at the first examination but
were free at the second examination), (3) periodontal dis-
ease-developed (participants without periodontal disease
at the first examination but newly developed periodontal
disease at the second examination), and (4) periodontal
disease-chronic (participants who had periodontal dis-
ease at both examinations) [21, 24].
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Fig. 1 Flowchart of study participant selection

The occurrence of AF after the second oral health
examination was monitored to investigate the associa-
tion between changes in periodontal disease status and
the risk of developing AF longitudinally. The index date
was the date of the second oral health examination. The
outcome was the occurrence of AF (International Classi-
fication of Diseases (ICD)-10 code: 148) with at least two
claims per year. These codes were validated and/or used
from a previous study [25]. The diagnostic accuracy of AF
was validated by reviewing electrocardiograms, and the
positive predictive value for diagnosis was 94.1% [24, 25].

Regarding covariates, the following characteristics and
variables were collected at the index date: age, sex, body
mass index, and household income. Details of smoking
status, alcohol consumption (days per week), and regu-
lar physical exercise (frequency per week) were obtained
using self-questionnaires. Smoking status was divided
into three categories: none, former smoker, and current
smoker. The definition of comorbidities and the Charl-
son Comorbidity Index is described in Supplementary
methods [13, 26-31].

Statistical analysis

The baseline characteristics between groups were com-
pared using the Chi-square test for categorical variables
and analysis of variance for continuous variables with
Bonferroni post-hoc analysis. Continuous variables are

presented as meanz+standard deviation, and categori-
cal variables are presented as numbers (percentages).
Kaplan—Meier survival curves with the log-rank test
were used to evaluate the relationship between changes
in periodontal disease status and the occurrence of AF.
Cox proportional hazard regression was used with
adjustment for confounding variables to determine the
hazard ratio (HR). In multivariable Cox regression, age,
sex, body mass index, household income, smoking sta-
tus, alcohol consumption, physical activity, comorbidi-
ties, and the Charlson Comorbidity Index were adjusted.
The results of Cox regression analysis were described as
HR and 95% confidence interval (CI). The assumption of
the proportionality of hazards was tested using Schoen-
feld residuals. The model showed no deviation from the
proportional hazards assumption. Pairwise comparison
analysis was performed to assess the altered AF risk for
those who recovered from or developed periodontal dis-
ease, periodontal disease-recovered vs. periodontal dis-
ease-free, periodontal disease-developed vs. periodontal
disease-free, periodontal disease-recovered vs. periodon-
tal disease-chronic, and periodontal disease-developed
vs. periodontal disease-chronic. For sensitivity analysis,
a multivariable analysis was performed after excluding
participants with AF within one year from the index date
to minimize the possibility of reverse causality (landmark
analysis). All statistical analyses were performed using
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Statistical Analysis System software (SAS version 9.2,
SAS Institute, Cary, NC). All values with p-values<0.05
were considered statistically significant.

Results

All included participants, 426,012 (34.0%), 247,096
(19.7%), 238,763 (19.0%), and 342,644 (27.3%), were
categorized into periodontal disease-free, periodon-
tal disease-recovered, periodontal disease-developed,
and periodontal disease-chronic groups, respectively.
The median interval between the first and second oral
health examination was 21.5 months (interquartile range,

Table 1 Baseline characteristics of the study population
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11.1-25.5 months). Baseline characteristics according
to changes in periodontal disease status are presented
in Table 1. The mean age of overall participants was
42.09+11.00 years, and 72.9% were male. In the peri-
odontal disease-chronic group, the proportion of men
was higher than in other groups; the periodontal disease-
free group had a higher proportion of women than other
groups.

The frequency of alcohol consumption was highest in
the periodontal disease-chronic group, followed by the
periodontal disease-developed and periodontal disease-
recovered groups, and was lowest in the periodontal

Total Periodontal Periodontal Periodontal Periodontal p-value
disease-free disease- disease- disease-chronic
recovered developed
Number of patients 1,254,515 426,012 (34.0) 247,096 (19.7) 238,763 (19.0) 342,644 (27.3)
Age, years 42.09+11.00 41261127 4206+£11.04 42.09+10.71 43.16+10.73 <0.001
Sex <0.001
Men 914,065 (72.9) 281,317 (66.0) 180,499 (73.0) 179,180 (75.0) 273,069 (79.7)
Women 340,450 (27.1) 144,695 (34.0) 66,597 (27.0) 59,583 (25.0) 69,575 (20.3)
BMI (kg/m?) 23584343 23.29+3.00 23.62+3.03 23.66+4.74 23.86+3.04 <0.001
Household income <0.001
Q1, lowest 152,522 (12.2) 52,299 (12.3) 29,858 (12.1) 27422 (11.5) 42,943 (12.5)
Q2 448,653 (35.8) 152,663 (35.8) 28(35.7) 23 (34.4) 125,739 (36.7)
Q3 447,669 (35.7) 150,910 (35.4) 88,923 (36.0) 87,367 (36.6) 120,469 (35.2)
Q4, highest 205,671 (16.4) 70,140 (16.5) 87 (16.3) 1,851 (17.5) 53,493 (15.6)
Smoking status <0.001
None 680,345 (54.2) 263,493 (61.9) 135,205 (54.8) 124,659 (52.2) 156,988 (45.8)
Former 174,387 (13.9) 60,235 (14.1) 34,675 (14.0) 34,107 (14.3) 45,370(13.2)
Current 399,783 (31.9) 102,284 (24.0) 77,216 (31.3) 79,997 (33.5) 140,286 (40.9)
Alcohol consumption (days/week) <0.001
<1 4190 (0.3) 1210(0.3) 870 (0.4) 791 (0.3) 1319 (0.4)
1-2 817,263 (65.2) 296,397 (69.6) 161,909 (65.5) 152,666 (63.9) 206,291 (60.2)
>3 433,062 (34.5) 128,405 (30.1) 84,317 (34.1) 85,306 (35.7) 135,034 (39.4)
Regular physical activity (days/week) <0.001
<3 1,015,033 (80.9) 342,441 (804) 199,004 (80.5) 193,334 (81.0) 280,254 (81.8)
>3 239,482 (19.1) 83,571 (19.6) 48,092 (19.5) 45,429 (19.0) 62,390 (18.2)
Comorbidities
Hypertension 549,267 (43.8) 173,473 (40.7) 107,227 (43.4) 106,625 (44.7) 161,942 (47.3) <0.001
Diabetes mellitus 163,402 (13.0) 51,584 (12.1) 31,312(12.7) 31,679 (13.3) 48,827 (14.3) <0.001
Dyslipidemia 288,542 (23.0) 92,676 (21.8) 57,918 (23.4) 55,115 (23.1) 82,833 (24.2) <0.001
Cancer 20,024 (1.6) 7243 (1.7) 4065 (1.7) 3775(1.6) 4941 (14) <0.001
Renal disease 10,766 (0.9) 3436 (0.8) 2157 (0.9) 2041 (0.9) 3132(0.9) <0.001
Charlson Comorbidity Index <0.001
0 534,029 (42.5) 176,372 (41.4) 104,765 (42.4) 101,024 (42.3) 151,868 (44.3)
1 504,294 (40.2) 175,999 (41.3) 99,303 (40.2) 96,657 (40.5) 132,335 (38.6)
>2 216,192 (17.2) 73,641 (17.3) 43,028 (17.4) 41,082 (17.2) 58,441 (17.1)

Data are presented as mean + standard deviation or number (percentage)
BMI Body mass index, Q Quartile
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disease-free group. A similar trend was observed for
smoking status. Regarding comorbidities, the prevalence
of hypertension, diabetes mellitus, dyslipidemia, and
renal disease was lowest in the periodontal disease-free
group and increased among participants in the periodon-
tal disease-recovered and periodontal disease-developed
groups, being highest in the periodontal disease-chronic
group. In contrast, the frequency of cancer and Charlson
Comorbidity Index>2 were highest among those in the
periodontal disease-free group compared to other groups
(Table 1).

During a median follow-up of 14.3 years, 25,402
(2.02%) cases of AF occurred. The Kaplan—Meier survival
curves for the occurrence of AF according to changes in
periodontal disease status are shown in Fig. 2. The par-
ticipants had an altered risk of AF according to changes
in periodontal disease status. The risk of occurrence
of AF was highest in the periodontal disease-chronic
group throughout follow-up, followed by the peri-
odontal disease-developed group, periodontal disease-
recovered group, and periodontal disease-free group (p
for trend <0.001) (Table 2). In the multivariate analysis,
the risk of AF occurrence was not significantly differ-
ent between the periodontal disease-recovered group
and the periodontal disease-free group (HR: 1.00, 95%
CIL: 0.97 — 1.04, p=0.998). However, the risk of AF was
higher in both the periodontal disease-developed (HR:
1.03, 95% CI: 1.01—1.06, p=0.041) and periodontal
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disease-chronic groups (HR: 1.04, 95% CI: 1.01—1.07,
p=0.019) compared to the periodontal disease-free
group (p for trend=0.032) (Table 2, Supplementary
Table 1).

In a further pairwise comparison, the periodontal
disease-recovered group had a relatively lower risk of
AF than the periodontal disease-chronic group (HR:
0.97, 95% CI: 0.94—0.99, p=0.045). The periodontal
disease-developed group demonstrated a higher risk of
AF than the periodontal disease-free group (HR: 1.04,
95% CI: 1.01—1.08, p=0.035) in multivariable analy-
sis (Table 3, Supplementary Table 2). Sensitivity anal-
ysis consistently confirmed the association between
changes in periodontal disease status and the risk of
incident AF (Supplementary Table 3).

Discussion
The main finding of this study is that changes in peri-
odontal disease status are associated with changes in
the risk of AF. The risk of AF occurrence was highest in
individuals with persistent periodontal disease. Moreo-
ver, compared to individuals with persistent periodontal
disease, those who recovered from it had a lower risk for
AF occurrence. Furthermore, those who developed peri-
odontal disease had a higher risk of AF than those who
remained free from periodontal disease.

Several previous studies have reported an associa-
tion between periodontal disease and AF. Study in dogs
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Fig. 2 Kaplan—-Meier survival curves for atrial fibrillation occurrence according to periodontal disease status
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Table 2 The association between change in periodontal disease status and incident atrial fibrillation risk

Group Event rate (%) Person-years Incidence  Unadjusted Adjusted®
rate
(per1000 HR(95%Cl)  p-value pfortrend HR(95%Cl)  p-value p fortrend
person-
years)
Periodontal disease- 1.87 6,098,095.73  1.30 1 (reference) <0.001 1 (reference) 0.032
free
Periodontal disease- 1.99 3,537,49038 139 1.07(1.03,1.11) <0.001 1.00 (0.97,1.04) 0.998
recovered
Periodontal disease- 2.05 341413587 143 1.10(1.06,1.14) <0.001 1.03(1.01,1.06) 0.041
developed
Periodontal disease- 2.23 489208345 156 1.20(1.16,1.23) <0.001 1.04(1.01,1.07) 0.019

chronic

HR Hazard ratio, C/ Confidence interval

2 Adjusted for age, sex, body mass index, household income, smoking status, alcohol consumption, regular physical activity, hypertension, diabetes mellitus,

dyslipidemia, cancer, renal disease, and Charlson Comorbidity Index

Table 3 Pairwise comparisons of the association between change in periodontal disease status and risk of incident atrial fibrillation

Unadjusted Adjusted®

HR (95% Cl) p-value HR (95% Cl) p-value
Periodontal disease -recovered vs. Periodontal disease-free (reference) 1.07 (1.03,1.10) <0.001 0.99 (0.96,1.03) 0.646
Periodontal disease-developed vs. Periodontal disease-free (reference) 1.10(1.06,1.10) <0.001 1.04 (1.01,1.08) 0.035
Periodontal disease-recovered vs. Periodontal disease-chronic (reference) 0.89 (0.86,0.93) <0.001 0.97 (0.94,0.99) 0.045
Periodontal disease-developed vs. Periodontal disease-chronic (reference) 0.92 (0.89,0.96) <0.001 1.00 (0.96,1.03) 0.906

HR Hazard ratio, C/ Confidence interval

@ Adjusted for age, sex, body mass index, household income, smoking status, alcohol consumption, regular physical activity, hypertension, diabetes mellitus,

dyslipidemia, cancer, renal disease, and Charlson Comorbidity Index

with periodontitis have shown that the inflammatory
response, both locally in the atrial myocardium and
systemically, increases the susceptibility to AF [32]. In
a population-based cohort study using the Taiwanese
National Health Insurance Research Database, patients
with periodontal disease had an increased risk of atrial
fibrillation [33]. A recent study using the Atherosclerosis
Risk in Communities Study cohort found that individu-
als with severe periodontal disease had a higher inci-
dence of AF than those with healthy periodontal status.
Moreover, regular dental care users had a lower risk of
incident AF than those who received episodic dental care
[34]. However, previous studies only considered the risk
of AF by examining the presence or absence of periodon-
tal disease at a single time point, disregarding the impact
of changes in periodontal disease, which can be treated
and managed. There is limited evidence from population-
based studies investigating whether recovery from or
development of periodontal disease is associated with an
altered risk for AF. The significance of the study is that
it provides evidence for the association between changes
in periodontal disease status and changes in the risk of

AF, based on a large population-based study that used a
series of oral examinations. This study provides a com-
prehensive understanding of how changes in periodon-
tal disease status can impact the risk of AF. The findings
may suggest that recovery from periodontal disease may
lower the risk of AF, while the development of periodon-
tal disease may increase the risk of AF.

Although the exact mechanism linking periodon-
tal disease and AF remains unclear, there are several
potential explanations for the association. First, sub-
gingival biofilm in periodontal pockets can allow oral
bacteria to enter the systemic circulation, leading to
bacteremia [35]. Porphyronomas gingivalis, one of the
key bacteria associated with periodontal disease, along
with its virulence factors and inflammatory mediators,
may contribute to cardiac remodeling and the develop-
ment of AF [36]. Second, systemic inflammation result-
ing from periodontal disease may also be linked to AF.
Previous studies have shown that elevated levels of
serum inflammatory markers, such as tumor necrosis
factor-«, interleukin-6, interleukin-2, and C-reactive
protein, are associated with an increased risk of AF
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and are commonly found in patients with periodontal
disease [37, 38]. These pro-inflammatory conditions
could promote AF occurrence through electrical and
structural remodeling. Conversely, it seems that recov-
ering from periodontal disease can lower the chances
of developing AF by altering the oral microbiome and
reducing inflammation. Since periodontal bacteria can
be reduced through scaling or brushing, [39] regain-
ing periodontal health can directly decrease the risk
of AF caused by bacteremia. Furthermore, periodontal
therapy has been shown to lower inflammatory mark-
ers, [40] so recovering from periodontal disease can
potentially have AF preventive effects by decreasing the
overall systemic inflammatory response. In this study,
the risk of AF occurrence was highest in individuals
who had persistent periodontal disease. Compared to
those with persistent periodontal disease, individuals
who recovered from periodontal disease had a reduced
risk of AF occurrence. Additionally, those who devel-
oped periodontal disease had a higher risk of AF than
those who remained periodontal disease-free. This sug-
gests that periodontal disease may alter oral bacterial
and inflammatory burden, which in turn alters the risk
of AF occurrence.

This study has several limitations. First, prior peri-
odontal treatment history was not considered when
determining the study groups, which could be cru-
cial, especially in individuals who recovered from
periodontal disease. Further research is necessary to
investigate the potential association between recovery
from periodontal disease with periodontal treatment
and reduced risk of AF. Second, data from NHIS did
not provide information on the severity of periodon-
tal disease, making it impossible to assess the risk of
developing AF based on disease severity. Third, the
study did not account for potential confounding fac-
tors affecting AF development, such as laboratory
findings, which could impact the results. Fourth, as
the study included only Koreans, the results may not
be generalizable to other racial or ethnic groups. Fifth,
variables of individual health habits could be biased as
they were self-reported through questionnaires. Sixth,
the participating dentists were required to complete
training prior to the oral examinations, but the data-
base used in the study does not provide detailed infor-
mation about the calibration of the examiners and the
intra and inter-examiner agreement. Seventh, the sta-
tus of periodontal disease was not assessed at the time
of atrial fibrillation diagnosis due to the retrospective
nature of this longitudinal cohort study. This limita-
tion should be taken into consideration when inter-
preting the results. Despite limitations, this study had
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the strength of analyzing the effects of alteration of
periodontal disease on AF occurrence in a large cohort
using a long-term follow-up. The results of this study
offer significant evidence supporting the importance
of recovering from and preventing periodontal disease
in reducing the risk of AF.

Conclusion

In conclusion, altered periodontal disease status is closely
associated with altered risks for AF. The benefit of peri-
odontal disease recovery, or harm associated with perio-
dontal disease development, may present. Further studies
to confirm the benefits of recovery from or prevention of
periodontal disease are warranted to reduce the burden
of AF.
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