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ORIGINAL RESEARCH

Periodontal Treatment During the Blanking 
Period Improves the Outcome of Atrial 
Fibrillation Ablation
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Takehito Tokuyama , MD, PhD; Yousaku Okubo, MD, PhD; Sho Okamura, MD, PhD;  
Shogo Miyamoto, MD; Naoto Oguri , MD; Yukimi Uotani , MD; Tasuku Takemura, DDS, PhD;  
Misako Tari, DDS, PhD; Toru Hiyama , MD, PhD; Mutsumi Miyauchi , DDS, PhD;  
Mikihito Kajiya , DDS, PhD; Noriyoshi Mizuno , DDS, PhD; Yukiko Nakano , MD, PhD

BACKGROUND: Periodontitis has not been recognized as a modifiable risk factor for atrial fibrillation (AF). This prospective non-
randomized study investigated whether periodontal treatment improves the AF ablation outcome.

METHODS AND RESULTS: We prospectively enrolled 288 AF patients scheduled to undergo initial radiofrequency catheter ab-
lation. Each patient underwent periodontal inflamed surface area (PISA; a quantitative index of periodontal inflammation) 
measurement. All eligible patients were recommended to receive periodontal treatment within the blanking period, and 97 
consented. During the mean follow-up period of 507±256 days, 70 (24%) AF recurrences were documented. Patients who 
exhibited AF recurrences had a higher PISA than those who did not (456.8±403.5 versus 277.7±259.0 mm2, P=0.001). These 
patients were categorized into high-PISA (>615 mm2) and low-PISA (<615 mm2) groups according to the receiver operating 
characteristic analysis for AF recurrence (area under the curve, 0.611; sensitivity, 39%; specificity, 89%). A high PISA, as well as 
female sex, AF duration, and left atrial volume, were the statistically significant predicter for AF recurrence (hazard ratio [HR], 
2.308 [95% CI, 1.234–4.315]; P=0.009). In patients with a high PISA, those who underwent periodontal treatment showed 
significantly fewer AF recurrences (P=0.01, log-rank test). The adjusted HR of periodontal treatment for AF recurrence was 
0.393 (95% CI, 0.215–0.719; P=0.002).

CONCLUSIONS: Periodontitis may serve as a modifiable risk factor for AF. PISA is a hallmark of AF recurrence, and periodontal 
treatment improves the AF ablation outcome, especially for those with poor periodontal condition.
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Atrial fibrillation (AF) is the most common arrhyth-
mia that increases the risks of stroke, heart fail-
ure, and death, thereby shortening healthy life 

expectancy.1 Although radiofrequency catheter ablation 
(RFCA) successfully exhibits a higher AF recurrence–
free survival rate compared with antiarrhythmic drugs,2,3 
AF recurs after RFCA in 13% to 39% of patients with 
paroxysmal AF and at an even higher rate in those with 

nonparoxysmal AF.4 Therefore, risk factor modifica-
tion is essential to achieve more reliable sinus rhythm 
maintenance after RFCA. Currently, obesity, physical 
inactivity, disordered breathing during sleep, diabetes, 
hypertension, hyperlipidemia, tobacco intake, alcohol 
consumption, and caffeine consumption are consid-
ered modifiable risk factors for AF,5 and modifying these 
factors improves the outcome of AF ablation.6
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Periodontitis, a common infectious and inflamma-
tory disease, reportedly correlates with several sys-
temic diseases, but it has not been recognized as a 
modifiable risk factor for AF. Several cohort studies 
have reported that periodontitis is related to AF oc-
currence.7–11 Two reports, including ours, demon-
strated the relationship between periodontitis and AF 
recurrence after catheter ablation.12,13 However, no 
reports have investigated whether periodontal treat-
ment can effectively help maintain sinus rhythm after 
AF ablation. Thus, this prospective study aimed to (1) 
confirm the negative impact of periodontitis on the 
AF ablation outcome and (2) investigate whether peri-
odontal treatment improves the AF recurrence rate 
after ablation.

METHODS
Data Availability
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Ethical Approval
This study conformed to the principles of the 
Declaration of Helsinki and obtained approval from the 
Hiroshima University Ethics Committee (Approval No. 
E-1954). Written informed consent was obtained from 
all patients before participation.

Study Design
This prospective nonrandomized study was conducted 
at Hiroshima University Hospital. From April 1, 2020, to 
July 31, 2022, 330 consecutive patients with AF admit-
ted for an initial RFCA were enrolled in this study.

All patients underwent a periodontal examination 
1 day before the RFCA, and the degree of periodontitis 
was quantified using the periodontal inflamed surface 
area (PISA). Nonsurgical periodontal treatment during 
the blanking period, particularly at 1 and 3 months 
after the RFCA, was recommended. Only those who 
expressed consent received the periodontal treatment. 
They were then followed up for AF recurrence at the 
hospital’s outpatient clinic. Figure 1 depicts the study’s 
flowchart of participant selection. One patient refused 
to undergo periodontal examination. Meanwhile, 10 
agreed but could not take the periodontal examination 
because of time constraints. In addition, 31 were ex-
cluded because of left atrial appendage thrombus de-
tected by transesophageal echocardiography before 
RFCA (n=8), intraoperative complications (n=2), and 
insufficient follow-up periods (n=21).

Baseline Data Acquisition and Pre-RFCA 
Evaluation
Baseline clinical characteristics were recorded 1 day be-
fore the RFCA. We ascertained patients’ smoking and 
drinking statuses by using a questionnaire, which was 
answered by the patients before RFCA. Patients who 
had smoked >100 cigarettes in their lifetime were con-
sidered as former smokers. Those who drank ≥3 days a 
week and consumed ≥20 g of alcohol per day were re-
garded as habitual drinkers. One day before the RFCA, 
a peripheral blood test was performed, and results, in-
cluding the hs-CRP (high-sensitivity C-reactive protein) 
level, were collected from the patients’ medical records. 
Experienced echocardiographers conducted transtho-
racic and transesophageal echocardiography in accord-
ance with the American Society of Echocardiography 
guidelines14 before the RFCA. Paroxysmal AF was de-
fined as episodes spontaneously terminating within 
7 days, whereas nonparoxysmal AF was defined as epi-
sodes persisting beyond 7 days.

Periodontal Examination and Treatment
One day before RFCA, a single experienced dental clini-
cian, who was blinded to the patients’ clinical information, 

CLINICAL PERSPECTIVE

What Is New?
•	 Periodontal inflamed surface area, a quantita-

tive index of periodontal inflammation, predicts 
atrial fibrillation (AF) recurrence after radiofre-
quency catheter ablation.

•	 Periodontal treatment during the blanking pe-
riod can reduce periodontal inflamed surface 
area and improve the AF ablation outcome.

What Are the Clinical Implications?
•	 Periodontitis should be recognized as a modifi-

able risk factor for AF, and periodontal examina-
tion is beneficial for AF ablation candidates.

•	 Periodontal inflamed surface area can be a hall-
mark of AF recurrence, and patients with a high 
periodontal inflamed surface area should be ex-
amined more carefully for AF recurrence after 
ablation.

•	 Periodontal treatment during the blanking pe-
riod is recommended, especially for those with 
poor periodontal condition.

Nonstandard Abbreviations and Acronyms

PISA	 periodontal inflamed surface area
PV	 pulmonary vein
RFCA	 radiofrequency catheter ablation
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conducted a complete periodontal examination using 
a periodontal probe (Hu-Friedy Mfg, Chicago, IL) in 
all patients at the hospital’s dental outpatient clinic 
(Department of Periodontal Medicine). Patients’ remain-
ing teeth were counted visually. Furthermore, the gingi-
val margin, probing depth, and bleeding on probing in all 
the periodontal pockets were recorded. The periodontal 
inflammation degree was quantified by calculating the 
PISA according to the probing depth and bleeding on 
probing measurements at each periodontal pocket, as 
previously described.15 PISA is the sum of all bleeding 

areas in the periodontal pocket epithelia, reflecting the 
quantification of clinical periodontal inflammation de-
gree.15 In a tooth loss site, where the periodontal pocket 
has healed and disappeared, the area of the periodontal 
pocket epithelia is calculated as 0 mm2. Thus, patients 
with an edentulous jaw were included with PISA val-
ues of 0 mm2. The relationship between the number of 
remaining teeth and PISA is presented in Figure S1. In 
contrast, although only 3 patients with dental implants 
were included, none of the patients suffered from peri-
implantitis. After the periodontal examination, all patients 

Figure 1.  Flowchart of participant selection.
This single-center prospective, nonrandomized study enrolled 330 patients who were 
scheduled to undergo initial RFCA. Periodontal examination was performed 1 day before 
RFCA, and periodontal inflammation was quantified by PISA. Patients were divided into the 
periodontal treatment group and nontreatment group according to their intentions before 
RFCA. Nonsurgical periodontal treatment was conducted during the blanking period only 
in the treatment group. We excluded 42 patients and included 288 patients (treatment 
group, n=97; nontreatment group, n=191) in the analysis. *Patients who were lost to follow-
up before the 6-month outpatient visit. AF indicates atrial fibrillation; PISA, periodontal 
inflamed surface area; RFCA, radiofrequency catheter ablation; TEE, transesophageal 
echocardiography; and TTE, transthoracic echocardiography.
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underwent supragingival deplaquing using rubber cups 
and toothpaste.

All eligible patients were informed of their periodon-
titis status and suggested to undergo periodontal treat-
ment during the blanking period by the dental clinician, 
regardless of their periodontitis status. Patients who 
wished to receive periodontal treatment were included 
in the treatment group, and those who did not were in-
cluded in the nontreatment group. A patient’s decision 
was not influenced by physicians who were involved in 
the RFCA and follow-up. Nonsurgical periodontal treat-
ment was conducted during the blanking period, partic-
ularly 1 and 3 months after the RFCA (Figure 1). In brief, 
each patient received oral hygiene instruction, followed 
by full-mouth debridement (supragingival and subgin-
gival), which was performed by an experienced dental 
clinician, using an ultrasonic device and Gracey curette. 
After debridement, all teeth surfaces were polished 
using rubber cups and prophylaxis paste. Patients who 
received nonsurgical periodontal treatment did not re-
quire interruption of anticoagulation, and complications 
related to the treatment were not observed.

Measurement of Serum Antibody Titers 
Against Major Periodontal Pathogens
From blood samples obtained from the left atrium 
before the RFCA, serum immunoglobulin G (IgG) an-
tibody titers against major periodontal pathogens 
were measured by ELISA. As bacterial antigens, the 
sonicated preparations of Porphyromonas gingivalis 
(Su63), Treponema denticola (ATCC35405), Tannerella 
forsythia (ATCC43037), Aggregatibacter actinomy-
cetemcomitans (Y4), and Fusobacterium nucleatum 
(ATCC 25586) were applied. The sera from 5 healthy in-
dividuals (aged 12–81 years) were pooled and used for 
calibration. With serial dilutions of this pooled control 
serum, the standard reaction was expressed as ELISA 
unit, and 100 ELISA units corresponded to a 1:3200 
dilution of the calibrator sample. The following formula 
was applied to the ELISA unit: diagnostic standardized 
value=(patient’s IgG titer–healthy individuals’ mean IgG 
titer)/2 SD determined using the mean IgG titer of 5 
healthy individuals. All samples were conducted twice. 
According to the SD, the results of serum antibody ti-
ters were divided into 2 groups: high-value (>mean+3 
SD) and low-value (<mean+3 SD) groups.

Measurement of Inflammatory Cytokines 
and Chemokines
From serum samples obtained from the left atrium be-
fore RFCA, inflammatory cytokines and chemokines 
were quantified using LEGENDplex (BioLegend, San 
Diego, CA) as per the manufacturer’s instructions and 
then analyzed using FACSVerse flow cytometer (BD 

Biosciences, Franklin Lakes, NJ) and Qognit software 
(BioLegend).

Electrophysiological Study and RFCA 
Procedures
Antiarrhythmic drug were discontinued for at least 5 half-
lives, except for amiodarone, which was consistently 
discontinued for at least 2 weeks before the RFCA. The 
RFCA procedures and electrophysiological study were 
conducted using 3-dimensional electroanatomical map-
ping systems (CARTO 3; Biosense Webster, Diamond 
Bar, CA; or EnSite Velocity; Abbott, St. Paul, MN). 
Data S1 further describes these details. Circumferential 
pulmonary vein (PV) isolation and non-PV foci ablation 
(if applicable) were performed, with an end point of 
disconnecting all PVs and eliminating all non-PV foci. 
Cavotricuspid isthmus ablation was also performed in 
patients with documentation of a typical atrial flutter 
before or during RFCA. During the electrophysiological 
study, the atrial signal–to–His bundle interval, His bun-
dle–to–first ventricular activation interval, sinus node re-
covery time, and atrioventricular nodal conduction at a 
maximal rate of 1:1 were measured. Four operators with 
>10 years of experience conducted all these procedures 
without the knowledge of patient’s periodontal status 
and schedule for periodontal treatment after RFCA.

Follow-Up and Definition of Recurrence
The blanking period was set at 3 months after RFCA. 
All patients received antiarrhythmic drugs during the 
blanking periods at the physicians’ discretion, pro-
vided there were no contraindications or intolerances 
observed. After the RFCA, each patient was followed 
up at the hospital’s outpatient clinic at 1, 3, 6, 9, and 
12 months and then every 6 months thereafter. At each 
clinical visit, AF recurrence was assessed by 12-lead 
ECG and 24-hour Holter monitoring. Furthermore, 14-
day event recording or portable ECG monitor record-
ing was employed for those who were suspected with 
recurrent AF and had no AF evidence according to the 
12-lead ECG and 24-hour Holter monitoring results. In 
addition to scheduled outpatient visits, patients with 
palpitations or pulse irregularity were firmly instructed 
to visit an outpatient clinic or emergency department to 
detect AF. The follow-up period of the patients was de-
fined as the date of the last outpatient visit as of August 
1, 2023, starting from the date of RFCA; the last outpa-
tient visit was censored for patients without AF recur-
rence. We excluded patients who were lost to follow-up 
before the 6-month outpatient visit from the analysis. 
AF recurrence was defined as >1 AF or atrial tachy-
cardia episode lasting for >30 seconds documented in 
at least 1 modality. AF episodes detected during the 
blanking period (<3 months after RFCA) were defined 
as early recurrence and not included in the recurrence.
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Statistical Analysis
Normally distributed continuous data were compared 
using 1-way ANOVA, as appropriate, and expressed as 
means±SD. For nonnormally distributed data, which 
are expressed as medians with interquartile ranges, 
nonparametric methods were used. Conversely, cat-
egorical variables were compared using the χ2 test or 
Fisher’s exact test as appropriate, expressing them 
as percentages of the group total. The optimal cutoff 
value of PISA for AF recurrence was determined via 
receiver operating characteristic analysis using the 
Youden index. We divided the patients into high- and 
low-PISA-value groups on the basis of the optimal 
cutoff value. Moreover, we used the Kaplan–Meier 
method for assessing the time until AF recurrence, and 
the log-rank test for comparing the AF recurrence–free 
survival rates between patient groups (high PISA ver-
sus low PISA and treatment versus nontreatment). The 
predictors of AF recurrence were determined using 
the Cox proportional hazards model wherein statisti-
cally significant variables from the univariable analy-
sis were included in the multivariable analysis. In the 
Cox regression analysis, we conducted 2 analyses in 
which continuous variables were dichotomized or they 
were treated as continuous variables. Furthermore, for 
the sensitivity analyses, we applied another PISA cut-
off value of 500 mm2 on the basis of the previous re-
ports.16,17 All statistical data were analyzed using JMP 
software version 15.0 (SAS Institute, Cary, NC), and P 
values <0.05 were considered statistically significant.

RESULTS
Baseline Characteristics
This study included 288 patients. Among them, 190 
(66%) were men, and 163 (57%) had paroxysmal AF. AF 
recurred in 70 (24%) patients during the mean follow-
up period of 507±256 days. Furthermore, 97 patients 
received periodontal treatment during the blanking pe-
riod (treatment group), and 191 did not (nontreatment 
group). Table 1 shows the baseline patient character-
istics between these 2 groups. PISA was significantly 
higher in the treatment group at baseline than in the 
nontreatment group. Other baseline characteristics 
showed no significant differences between these 
groups. No significant differences were also observed 
in pre- and post-RFCA antiarrhythmic drug status, 
RFCA procedures, operators, complications, and elec-
trophysiology findings (Table S1).

AF Recurrence and Systemic 
Inflammation
Figure S2 presents the relationship between inflamma-
tory markers and AF recurrences in the nontreatment 

group. The baseline serum level of hs-CRP was not 
significantly different between patients with and with-
out early AF recurrences (0.09 [0.03–0.14] versus 0.06 
[0.03–0.11]; P=0.11), but it was significantly higher in 
patients with AF recurrences within 12 months than in 
those without (0.10 [0.04–0.24] versus 0.06 [0.03–0.10]; 
P=0.01). Patients with AF recurrences also showed 
significantly higher serum levels of interleukin-1β, inter-
leukin-4, interleukin-6, interleukin-10, and interleukin-
17A, but no inflammatory cytokines/chemokines were 
related to early AF recurrence.

Periodontitis and AF Recurrence
Figures  2A through 2D depict the relationship be-
tween periodontitis and AF recurrence in the nontreat-
ment group. Although PISA was not related to early 
AF recurrence (Figure 2A), patients with AF recurrence 
had a significantly higher PISA (Figure  2B). The re-
ceiver operating characteristic analysis of PISA for AF 
recurrence yielded an area under the curve of 0.611 
(95% CI, 0.497–0.723). The optimal cutoff value was 
615.8 mm2, with 38.9% (95% CI, 22.1–78.6) sensitivity 
and 89.0% (95% CI, 48.5–98.7) specificity (Figure 2C). 

Table 1.  Baseline Characteristics Between the Treatment 
and Nontreatment Groups

Treatment 
(n=97)

Nontreatment 
(n=191) P value

Age, y 67.9±10.2 68.3±10.7 0.77

Sex, female, n (%) 38 (39) 60 (31) 0.19

Body mass index, kg/m2 24.8±3.8 24.2±3.8 0.24

Nonparoxysmal AF, 
n (%)

49 (51) 76 (40) 0.08

AF duration, mo (IQR) 5.0 (3.0–20.5) 5.0 (3.0–22.5) 0.37

Habitual drinking, n (%) 27 (28) 61 (32) 0.47

Current or former 
smoking, n (%)

52 (54) 101 (53) 0.91

Hypertension, n (%) 66 (68) 113 (59) 0.14

Diabetes, n (%) 12 (12) 32 (17) 0.32

Dyslipidemia, n (%) 51 (53) 95 (50) 0.93

Previous stroke, n (%) 8 (8) 24 (13) 0.26

NT-proBNP, pg/mL 
(IQR)

312 (87–948) 355 (97–949) 0.79

hs-CRP, mg/dL (IQR) 0.08 (0.03–0.14) 0.06 (0.03–0.12) 0.39

Creatinine, mg/dL 0.86±0.29 0.91±0.24 0.16

LVEF, % 60.9±5.7 60.0±7.8 0.35

Left ventricular end-
diastolic dimension, mm

47.5±4.8 47.9±4.9 0.50

Left atrial volume, mL 69.8±22.7 69.0±21.9 0.77

Number of remaining 
teeth

23.1±6.7 21.4±8.5 0.09

PISA, mm2 614.3±457.2 311.4±298.8 <0.0001

AF indicates atrial fibrillation; hs-CRP, high-sensitivity C-reactive protein; 
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; and PISA, periodontal inflamed surface area.
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The patients were then categorized into 2 groups, high 
PISA (>615 mm2) and low PISA (<615 mm2), on the 
basis of the receiver operating characteristic analysis. 
The high-PISA group exhibited a significantly lower 
AF recurrence–free survival rate than the low-PISA 
group (Figure  2D). The multivariable Cox regression 
model adjusted for statistically significant variables in 
the univariable analysis revealed that high PISA, as 

well as female sex, AF duration, and left atrial volume, 
predicted AF recurrence with statistical significance 
(Table  2 and Figure  S3). In another Cox regression 
model in which the continuous variables including PISA 
were not dichotomized, we found that PISA predicted 
recurrence of AF with statistical significance (Table S2). 
Furthermore, the sensitivity analyses showed consist-
ent results (Figure S4 and Table S3).

Figure 2.  Relationship between PISA and AF recurrence.
Association of PISA with AF recurrence (A–D) was analyzed in the nontreatment group 
(n=191). A, PISA and early AF recurrence (360.9±372.1 vs 296.6±272.9 mm2, P=0.21). B, 
PISA and AF recurrence within 12 months (456.8±403.5 vs 277.7±259.0 mm2; P=0.001). C, 
The receiver operating characteristic analysis of PISA for AF recurrence within 12 months. 
Patients were divided into high- and low-PISA groups on the basis of the cutoff value of 
615 mm2. D, The Kaplan–Meier analysis of AF recurrence between high- and low-PISA 
groups. E, Serum hs-CRP levels between the high- and low-PISA groups (0.09 [IQR, 
0.05–0.20] vs 0.06 [IQR, 0.03–0.11] mg/dL; P=0.005, Wilcoxon rank-sum test, analyzed 
among all patients [N=288]). AF indicates atrial fibrillation; AUC, area under the curve; 
hs-CRP, high-sensitivity C-reactive protein; and PISA, periodontal inflamed surface area.
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Periodontitis and Systemic Inflammation
The serum hs-CRP level was significantly higher in the 
high-PISA group than in the low-PISA group (Figure 2E). 
The high-PISA group also showed significantly higher 
serum levels of interleukin-1β, interleukin-4, interleukin-
6, interleukin-10, interleukin-17A, and tumor necrosis 
factor-α (Figure 3).

Periodontal Treatment and AF Recurrence
Periodontal treatment during the blanking period im-
proved PISA, especially for patients with high PISA at 
baseline (614.3±457.2–322.0±295.2 mm2; Figure  4A). 
Figures 4B through 4D show the Kaplan–Meier anal-
yses of AF recurrence between the treatment and 
nontreatment groups (Figure 4B, all patients; 4C, high-
PISA group; 4D, low-PISA group). The treatment group 
showed significantly fewer AF recurrences than the 
nontreatment group within 12 months, but the differ-
ences throughout the long follow-up period were not 
significant. However, the difference was more pro-
nounced and significant throughout the entire follow-
up period in patients with high PISA. Moreover, Table 3 
shows the univariable and multivariable hazard ratios 
(HRs) of periodontal treatment and other significant 
confounders for AF recurrence. Significant confound-
ers in Table 2 were adjusted in the multivariable model, 
and the periodontal treatment was significantly associ-
ated with fewer cases of AF recurrence after RFCA. 

The sensitivity analyses showed consistent results 
(Figure S5 and Table S4).

Periodontal Pathogen and AF Recurrence
Figure S6 illustrates the relationships between perio-
dontal pathogens and AF recurrence according to the 
high and low values of serum IgG antibody titers. In 
patients with paroxysmal AF, none of the major peri-
odontal pathogens was related to AF recurrence. In 
contrast, P gingivalis (HR, 2.06 [95% CI, 1.08–3.94]; 
P=0.03) and F nucleatum (HR, 2.08 [95% CI, 1.09–
3.97]; P=0.03) were related to a higher AF recurrence 
rate after ablation in those with nonparoxysmal AF.

DISCUSSION
PISA is a quantitative index reflecting the disease activ-
ity of periodontitis. This study showed that a high PISA 
predicted AF recurrence after RFCA. In addition, peri-
odontal treatment during the blanking period reduced 
PISA, and patients who received periodontal treatment 
exhibited lower AF recurrence rates after RFCA.

Periodontitis and AF: Previous and 
Present Insights
The oral–systemic disease connection has gained 
research interest in recent decades, and the causal 

Table 2.  Cox Regression Analyses for AF Recurrence

Variables

Univariable Multivariable

Unadjusted HR 95% CI P value Adjusted HR 95% CI P value

Age>75 y (yes or no) 0.967 0.547–1.705 0.91

BMI>25.0 kg/m2 (yes or no) 1.073 0.621–1.856 0.80

Sex, female (yes or no) 1.777 1.028–3.070 0.04 2.262 1.252–4.087 0.007

Nonparoxysmal AF (yes or no) 2.138 1.247–3.665 0.006 1.511 0.805–2.835 0.20

AF duration >2 y* (yes or no) 2.356 1.368–4.058 0.002 2.263 1.294–3.958 0.004

Left atrial volume>70 mL* (yes or no) 2.784 1.580–4.905 0.0004 2.103 1.080–4.092 0.03

Smoking (yes or no) 0.724 0.424–1.238 0.24

Habitual drinking (yes or no) 0.621 0.332–1.162 0.14

Hypertension (yes or no) 1.703 0.957–3.031 0.07

Diabetes (yes or no) 1.088 0.532–2.227 0.82

Dyslipidemia (yes or no) 1.084 0.633–1.855 0.77

Previous cerebral infarction (yes or no) 1.093 0.464–2.572 0.84

NT-proBNP >100 pg/mL (yes or no) 2.725 1.164–6.378 0.02 1.400 0.546–3.592 0.48

hs-CRP >0.10 mg/dL (yes or no) 1.681 0.962–2.904 0.06

Nonpulmonary vein foci (yes or no) 1.548 0.798–3.003 0.20

Number of remaining teeth <20 (yes or no) 0.688 0.354–1.336 0.27

High PISA (>615 mm2)* (yes or no) 2.701 1.475–4.947 0.001 2.308 1.234–4.315 0.009

Univariable and multivariable Cox regression analyses were applied among the nontreatment group (n=191). Variables with P<0.05 in the univariable analysis 
were included in the multivariable model. AF indicates atrial fibrillation; BMI, body mass index; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive protein; 
NT-proBNP, N-terminal pro-B-type peptide; and PISA, periodontal inflamed surface area.

*The cutoff values of AF duration, left atrial volume, and PISA were decided according to the receiver operating characteristic analyses (PISA, Figure 2C; AF 
duration and left atrial volume, Figure S3).
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relationships between periodontitis and some systemic 
diseases (eg, atherosclerosis, diabetes, rheumatoid ar-
thritis, nonalcoholic steatohepatitis, and Alzheimer dis-
ease) have been clarified.18 Although periodontitis has 
not been recognized as a risk factor for AF, the negative 
impact of periodontitis on AF occurrence and outcome 
has been extensively reported. Using a large data-
base, Chen et al reported an increased risk of AF oc-
currence in patients with periodontitis.7 More recently, 
similar findings have been presented in some cohort 
studies.8–11 One experimental study involving mongrel 
canines showed that periodontitis induced by tying 
ligatures at the premolar increases AF inducibility as 
well as blood C-reactive protein levels.19 Regarding the 
outcome of AF ablation, we first reported the negative 
impact of elevated serum IgG antibody titers of P gin-
givalis, which is a useful surrogate marker of periodon-
titis,20 on sinus rhythm maintenance after RFCA.12 One 
report from a Japanese institution showed a similar re-
sult.13 Our study found that PISA, a quantitative index of 
periodontitis, can be a hallmark of AF recurrence after 
RFCA. To the best of our knowledge, this study is the 
first to demonstrate the benefit of periodontal treatment 
for patients who underwent AF ablation. Periodontal 
treatment during the blanking period prevented AF re-
currences in patients with a high PISA. We conducted 

this study following a nonrandomized design to obtain 
initial evidence for this issue. Based on the results, a 
multicenter randomized study is warranted.

Mechanism Linking Periodontitis and AF, 
and Ablation Outcome
Although the mechanism linking periodontitis and AF 
pathogenesis has not been elucidated, it may first be 
explained by systemic inflammation induced by peri-
odontitis. One of the unique points of this study was 
that periodontal inflammation was quantified by PISA. 
PISA is the sum of all bleeding areas in periodontal 
pocket epithelia, and it reflects the quantification of the 
clinical periodontal inflammation degree.15 Our results 
found that the high-PISA group had significantly higher 
serum levels of hs-CRP and inflammatory cytokines 
than the low-PISA group, indicating that patients with 
severe periodontitis have a persistent systemic inflam-
matory status. PISA increment also reportedly has a 
positive relationship with inflammatory cytokine el-
evation both in saliva and blood.16,17,21 Furthermore, 
periodontitis activates the level of nucleotide-binding 
oligomerization domain–like receptor family pyrin 
domain-containing protein-3 inflammasome,22 which 
has recently been suggested to be pathogenic for 
AF.23 Therefore, periodontitis may elicit a long-standing 

Figure 3.  PISA and inflammatory cytokines/chemokines.
Serum levels of inflammatory cytokines and chemokines were compared between the high- and low-PISA groups and analyzed using 
the Wilcoxon rank-sum test. IL indicates interleukin; MCP-1, monocyte chemoattractant protein-1; PISA, periodontal inflamed surface 
area; and TNF-α, tumor necrosis factor- α.
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systemic inflammation that is closely associated with 
AF development.24–26 Although the standard cutoff 
value remains unclear, a PISA of ≈500 mm2 has been 
suggested to evoke systemic inflammation.16 Miki et al 
reported a significant difference in hs-CRP levels be-
tween groups with high PISA (>500 mm2) and low PISA 
(<500 mm2) in the Japanese population.17 In this study, 
we obtained the cutoff value of PISA for AF recurrence 
as 615.8 mm2 on the basis of the receiver operating 
characteristic analysis. Furthermore, we applied a 
PISA cutoff value of 500 mm2 for the sensitivity anal-
yses, and a PISA value of >500 mm2 also predicted 
AF recurrence (Figure S4 and Table S3). Considering 
our results and the above-mentioned studies in the 

literature,16,17 a PISA value of about 500 to 600 mm2 
is likely to be sufficient for eliciting systemic inflamma-
tion and for serving as the clinical hallmark. Atrial fibro-
sis is responsible for conduction disturbances and is 
a central component of the AF substrate.27 We have 
recently reported histological evidence that revealed 
a positive correlation between PISA and atrial fibrosis 
using left atrial appendages.28 It is highly possible for 
periodontitis to persistently induce systemic inflamma-
tion and affect the interaction among systemic inflam-
mation, atrial fibrosis, and AF. Inflammation also plays 
an important role in AF recurrence after ablation, and 
some anti-inflammatory therapies, such as colchicine, 
can reduce AF recurrences.29 Although this study did 

Figure 4.  Periodontal treatment and AF recurrence.
A, PISA was improved by the periodontal treatment during the blanking period 
(614.3±457.2–322.0±295.2 mm2). B through D, Kaplan–Meier analysis of AF recurrence 
between the treatment and nontreatment groups. B, All patients (N=288); C, high PISA 
(>615 mm2) group (n=71); D, low PISA (<615 mm2) group (n=217). Results of the log rank 
tests were presented for AF recurrences within 12 months and the follow-up period. AF 
indicates atrial fibrillation; and PISA, periodontal inflamed surface area.
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not include the data of changes of inflammatory mark-
ers after periodontal treatment, sufficient evidence re-
vealed that periodontal treatment can reduce systemic 
inflammation.30,31 In contrast, although inflammation 
might cause early recurrence,32 PISA and inflammatory 
markers at baseline were not related to early AF re-
currence in this study. Early AF recurrence developed 
during the blanking period may largely depend on the 
inflammation elicited by the procedures.32

Furthermore, the serum IgG antibody titer of specific 
periodontal pathogens (P gingivalis and F nucleatum) 
was related to AF recurrence only in nonparoxysmal 
AF. Structural remodeling and fibrotic changes within 
the atrium are responsible for AF perpetuation in 
nonparoxysmal AF, whereas PV triggers are the main 
initiators of paroxysmal AF.33 Thus, specific periodontal 
pathogens might affect AF substrate apart from sys-
temic inflammation. Further pathophysiological study 
is needed to elucidate the causal relationship between 
periodontitis and AF through inflammation or another 
bacteriological aspect.

Clinical Implications
Currently, the modifiable risk factors for AF include 
obesity, physical inactivity, disordered breathing during 
sleep, diabetes, hypertension, hyperlipidemia, tobacco 
intake, alcohol consumption, and caffeine consump-
tion.5 Our study indicates that periodontitis, which can 
be modified by dental intervention, should also be rec-
ognized as a modifiable risk factor for AF. The American 
Heart Association recommends an integrated work 
involving primary care physicians, sleep physicians, 
exercise physiologists, psychologists, endocrine spe-
cialists, dietitians, and pharmacists for a comprehensive 
risk management for AF.5 Dental specialists should also 
participate in this team. Providing periodontal examina-
tion is important for AF ablation candidates, and PISA 
can be a hallmark of AF recurrence. Patients with a high 
PISA should be more carefully examined for AF recur-
rence after ablation, and providing periodontal treatment 

during the blanking period is highly beneficial for them. 
In this study protocol, periodontal treatment was pro-
vided only during the blanking period, and its efficacy 
decreased over 1 year of follow-up. Thus, regular peri-
odontal care after the blanking period is necessary to 
maintain the treatment efficacy throughout the remote 
period. Furthermore, for AF ablation candidates, com-
pleting periodontal treatment before AF ablation might 
have additional merit. Future studies must clarify the 
optimal protocol of perioperative periodontal treatment.

Study Limitations
This study is limited by its single-center, nonrand-
omized study design. In addition, the sample size was 
small, especially for the treatment group. Receiving 
periodontal treatment depended on the intention of pa-
tients who were informed of their periodontitis status. 
Although many patients with severe periodontitis were 
included in the treatment group, this group showed 
better clinical outcomes overall. In contrast, patients 
who wished to receive periodontal treatment might be 
more aware of total risk optimization than those who 
did not. Moreover, AF recurrences were carefully exam-
ined according to clinical symptoms, 12-lead ECG, 24-
hour Holter recording, and mobile ECG monitoring, but 
the recurrences might be underestimated, especially 
for asymptomatic patients. Another limitation is that the 
periodontitis status was not followed up after the initial 
examination of the nontreatment group. Inflammatory 
markers also were not retested after the RFCA.

CONCLUSIONS
Periodontitis serves as a modifiable risk factor for AF. 
Hence, periodontal examination is beneficial for AF 
ablation candidates. Periodontal treatment during the 
blanking period can modify the periodontal inflamma-
tion and improve the AF ablation outcome. However, 
a multicenter randomized study is needed to confirm 
these results.

Table 3.  Cox Regression Analysis of Periodontal Treatment and AF Recurrence

Variables

Univariable Multivariable

Unadjusted HR 95% CI P value Adjusted HR 95% CI P value

Sex, female (yes or no) 1.894 1.174–3.035 0.008 2.345 1.427–3.853 0.0008

Nonparoxysmal AF (yes or no) 1.974 1.231–3.200 0.005 1.632 0.925–2.879 0.09

AF duration >2 y (yes or no) 2.067 1.277–3.346 0.003 2.013 1.213–3.292 0.005

Left atrial volume>70 mL (yes or no) 2.157 1.332–3.492 0.002 1.587 0.907–2.778 0.11

NT-proBNP >100 pg/mL (yes or 
no)

2.461 1.220–4.963 0.01 1.303 0.592–2.869 0.51

High PISA (>615 mm2) (yes or no) 1.831 1.104–3.037 0.02 2.022 1.175–3.479 0.01

Periodontal treatment (yes or no) 0.614 0.350–1.076 0.09 0.393 0.215–0.719 0.002

Periodontal treatment and other confounders (P<0.05 in Table 2) were included in the multivariable Cox regression model. AF indicates atrial fibrillation; HR, 
hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and PISA, periodontal inflamed surface area.
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