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ORIGINAL RESEARCH

Effect of Tricuspid Regurgitation on the 
Reported Quality of Life and Subsequent 
Outcomes in Patients With Atrial Fibrillation
Taishi Fujisawa, MD; Takehiro Kimura, MD, PhD; Nobuhiro Ikemura , MD, PhD; Hiroshi Miyama, MD;       
Yoshinori Katsumata, MD, PhD; Ikuko Ueda, PhD; Kojiro Tanimoto , MD, PhD; Hideaki Kanki , MD, PhD; 
Keiichi Fukuda, MD, PhD; Shun Kohsaka, MD, PhD; Seiji Takatsuki , MD, PhD

BACKGROUND: Atrial fibrillation and heart failure (HF) possess mutual risk factors and share a common pathophysiological 
pathway. Tricuspid regurgitation (TR) is a known predictor of adverse events in patients with HF. However, its implications on 
patients with atrial fibrillation in its early stage remain unknown.

METHODS AND RESULTS: Data of 2211 patients without previous HF diagnosis were extracted from a prospective, multicenter registry 
of newly diagnosed patients with atrial fibrillation. TR was categorized as absent, mild, moderate, and severe based on the American 
Society of Echocardiography recommendations. The primary outcome was time to first hospitalization for HF after enrollment. The 
Atrial Fibrillation Effects on Quality- of- Life scores were compared. Overall, 1107 patients (50.1%) had TR (42.3%, 7.2%, and 0.6% for 
mild, moderate, and severe, respectively). During follow- up (median 730 [interquartile range, 366– 731] days), 44 patients (2.0%) expe-
rienced HF hospitalization, and the incidence increased with severity of TR (P<0.001). TR was an associated predictor of the primary 
outcome (hazard ratio [HR]: 2.51, P=0.050; HR: 6.19, P=0.008; for moderate and severe TR versus no TR). Changes in AFEQT overall 
score were negatively related to TR severity (8.7±17.5 versus 8.5±17.0 versus 3.1±17.5 versus 1.4±11.8, absent versus mild versus mod-
erate versus severe TR, respectively), although it was not an independent predictor after adjustments.

CONCLUSIONS: TR severity at atrial fibrillation diagnosis was an associated predictor of subsequent hospitalization for HF, which 
may warrant the need for a more intensive follow- up and HF- related management.
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Atrial fibrillation (AF) is the most common sustained 
cardiac arrhythmia worldwide and is associated with 
substantial rates of morbidity and mortality and im-

paired quality of life (QOL).1– 3 AF and heart failure (HF) are 
closely associated disorders that worsen life expectancy. 
The prevalence of AF increases with age and is associated 
with a higher incidence of HF.4 Therefore, the interaction 
between HF and AF and prevention of HF in patients with 
AF are important issues that need to be elucidated.5

In the diagnostic algorithm for HF with preserved 
ejection fraction, the tricuspid regurgitation (TR) pres-
sure gradient was used as the major diagnostic param-
eter.6 TR has been used to predict pulmonary artery 
systolic pressure and as a responsive metric of wors-
ening HF and even as a prognostic predictor in pa-
tients with HF.7,8 Moreover, TR tended to be present in 
patients with AF because of annular dilatation, even in 
the absence of left- sided heart disease.9 Although prior 
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observations have demonstrated a strong association 
between AF and consequent tricuspid valve remodel-
ing,9 the clinical implications of TR in newly diagnosed 
patients with AF remain unknown. Accordingly, this 
study aimed to investigate the influence of TR on the 
QOL and subsequent admission for HF in newly diag-
nosed patients with AF without a history of HF.

METHODS
The data and materials used to conduct this research 
are available to researchers, on request to the corre-
sponding author, for scientific projects aimed at iden-
tifying a novel clinical finding that may further improve 
patient outcome. Attempts to covalidate country- 
specific observations, risk stratification schemes, and 
outcomes are also welcome. The procedure does 
need to follow the Act on the Protection of Personal 
Information Law (as of May 2017) and the Ethical 
Guidelines for Medical and Health Research involving 
Human Subjects (as of March 2015) in Japan.

Study Design and Data Sources
The rationale and design of the Keio Inter- Hospital 
Cardiovascular Studies- Atrial Fibrillation (KiCS- AF) reg-
istry have been described previously.10,11 In brief, the 
KiCS- AF registry was designed to prospectively collect 
clinical information and outcome data from consecutive 

patients newly diagnosed with AF or referred to the 11 
participating tertiary care hospitals in the Kanto area of 
Japan (Saitama, Tochigi, Chiba, Kanagawa, and Tokyo 
Prefectures). To obtain a robust assessment of the treat-
ment provided and patient outcomes, baseline data, 
and outcomes were collected from the medical records 
by the onsite clinical research coordinator (CRC) at each 
hospital. The CRCs were trained by the primary inves-
tigator (S. K.) and project coordinator (I. U.). The data 
were entered into an electronic data- capturing software 
system, which included a data query engine and system 
validations for data quality. This issue was addressed by 
the unique feature of the KiCS- AF registry that allowed 
the assigned CRCs at each site to obtain patient infor-
mation from the institutional outpatient diagnostic cod-
ing system (Diagnosis Procedure Combination) and the 
ability to link this patient information for auditing enroll-
ment. All of the KiCS- AF institutions agreed to release 
the administrative information to the assigned CRC and/
or investigator for patients whose primary diagnosis was 
coded as “AF.” The institutional review board at each 
participating hospital approved the study protocol, and 
all participants provided oral or written informed consent.

Study Population and Definition of Terms
In our study, 3318 newly diagnosed or referred patients 
with AF were enrolled between 2012 and 2018. Of these, 
3078 patients underwent >1 year of follow- up. Patients 
with unknown HF history (n=39) and those with a his-
tory of HF- related admission (n=503) were excluded be-
cause TR itself may contribute to an increase in the HF 
admission rate in these patients.12,13 Similarly, patients 
with unknown TR grades (n=325) were excluded. Thus, 
the remaining 2211 newly diagnosed or referred patients 
with AF without a prior history of HF and known TR grade 
at baseline were analyzed in this study (Figure  1). The 
presence of HF was determined from the medical chart 
and referral form, and the diagnosis of HF was based on 
the Japanese guidelines for the diagnosis of acute and 
chronic HF.14 Data on TR were obtained from the echo 
report at enrollment. Patients were divided into 4 groups 
according to the severity of TR: severe TR group (n=13), 
moderate TR group (n=159), mild TR group (n=935), and 
no TR group (n=1104). Although grading of TR was an in-
tegrated approach in the participating hospitals, TR was 
mainly graded qualitatively by using jet area, especially in 
none or mild TR. The severity of TR was graded accord-
ing to the recommendations of the American Society of 
Echocardiography.15 The following definitions were used 
in our study: non- paroxysmal AF was defined as AF sus-
tained for ≥7  days (including persistent AF, longstand-
ing AF, and permanent AF) or lasting for <7 days, but 
necessitating electrical cardioversion. Catheter ablation 
was defined as AF ablation or ablation of recurrent atrial 
arrhythmia.

CLINICAL PERSPECTIVE

What Is New?
• This study elucidated that tricuspid regurgitation 

at the time of atrial fibrillation diagnosis was an 
associated predictor of subsequent heart failure 
events, even when the patients with atrial fibrilla-
tion did not have a prior history of heart failure.

What Are the Clinical Implications?
• In patients with moderate or severe tricuspid 

regurgitation, it is important to consider the pro-
gression of heart failure.

• Our findings may facilitate the identification of 
patients with atrial fibrillation with a high risk of 
subsequent heart failure admission.

Nonstandard Abbreviations and Acronyms

AFEQT atrial fibrillation effect on quality- of- life 
measure

TR tricuspid regurgitation
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The primary outcome was time to first hospitalization for 
HF after enrollment. In addition, time to the event of stroke, 
major bleeding, and all- cause death after enrollment were 
assessed as secondary outcomes. Stroke was defined as 
a new, sudden loss of neurological function with residual 
symptoms lasting at least 24 hours after onset that was 
not attributable to a non- vascular cause. Major bleeding 
was defined by the International Society of Thrombosis 
and Hemostasis criteria.16 All events were adjudicated by 
the end point adjudication committee, which included 3 
individual cardiologists, by reviewing health records and 
querying the CRCs responsible for each site.

Assessment of Patients’ Quality of Life
At baseline and at the 1- year follow- up visit, patients 
were required to complete a detailed questionnaire 
based on the internationally validated AF effect on 
QOL measure (Atrial Fibrillation Effects on Quality- of- 
Life [AFEQT]; http://www.afeqt.org) for assessment of 
their QOL and their perception of treatment. The devel-
opment and validation of AFEQT have been previously 
described.17 The AFEQT, which is used to measure AF- 
specific health status, was developed through serial 
iterations with patients, factor- level analysis, and psy-
chometric testing. Evaluation of the AFEQT is based 
on a 20- item survey, with each item measured on a 
7- point Likert scale, that evaluates 4 domains of pa-
tient health status, namely, symptoms, daily activities, 
treatment- related concerns, and treatment satisfac-
tion. The scores across the 20 items were summed to 
provide the overall summary score, as follows:

The AFEQT score can range between “0” and 
“100,” with “100” being the best possible health status 
[no impairment] and “0” representing the worst health 
status possible. A validated culturally and linguistically 
translated version of the AFEQT for Japan was used.

Statistical Analysis
Complete baseline and 1- year follow- up data for the 4 
groups were stratified and analyzed overall. Data were 
described as frequencies and percentages for categori-
cal variables and mean±SD for continuous variables. 
Comparisons among the severe TR, moderate TR, mild 
TR, and no TR groups were performed using a Chi- 
squared test or Fisher exact test for categorical variables, 
as appropriate for the data distribution, and an ANOVA 
for continuous variables. Binominal logistic regression 
analysis was performed to determine the predictors of sig-
nificant TR. We defined moderate and severe TR as sig-
nificant TR, and the remaining types as non- significant TR.

Cumulative event rates were estimated using the 
Kaplan– Meier method. Then, we performed a Cox pro-
portional hazards regression analysis to evaluate as-
sociations between the severity of TR and the primary 
outcome and other outcomes of interest; these models 
were adjusted for clinically relevant variables, which are 
described in the figure legends. We performed an addi-
tional multivariable analysis adjusted for the causal and 

AFEQT score=100− (sum of severity for all questions answered

−number of questions answered)×100

∕(total number of questions answered×6)

Figure 1. Flow diagram of the study.
AF indicates atrial fibrillation, KiCS, Keio Inter- Hospital Cardiovascular Studies; and TR, tricuspid regurgitation.

http://www.afeqt.org
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clinically relevant factors of pulmonary hypertension (left 
ventricular ejection fraction [LVEF]), left sided valvular 
heart disease, congenital heart disease, chronic obstruc-
tive pulmonary disease, left atrial diameter). The rates of 
missing data were <2% for all candidate variables, ex-
cept for LVEF (3.9%) and serum creatinine level (5.0%). To 
account for the missing data, we additionally performed 
a multivariable analysis using the cohort in which a single 
mean imputation was used for the LVEF and serum cre-
atinine level. The left side valvular heart disease included 
aortic regurgitation, aortic stenosis, mitral regurgitation, 
and mitral stenosis of more than moderate severity. 
Additionally, to rigorously adjust for patients who were 
underdiagnosed for HF, we constructed another model 
that additionally adjusted for serum brain natriuretic pep-
tide level. Furthermore, since left atrial dilatation is known 
to be a diagnostic criterion for HF with preserved ejection 
fraction,6 we performed a sensitivity analysis according 
to the left atrial diameter (eg, left atrial diameter <45 mm 
or ≥ 45 mm). We also performed a sensitivity analysis 
according to the performance of the catheter ablation 
procedure for AF after enrollment and heart rate at en-
rollment <77 bpm, or ≥77 bpm (which was the median 
heart rate at enrollment).

The AFEQT scores at baseline and at the 1- year fol-
low- up were calculated and compared among the 4 
groups. In addition, to evaluate the effect of catheter 
ablation on the patients’ QOL, we performed a sensitiv-
ity analysis based on the performance of catheter abla-
tion for AF after enrollment. To examine the association 
between the groups and the baseline AFEQT score, a 
multivariable linear regression model was constructed 
for the AFEQT scores in the symptom and daily activ-
ity domains. The rates of missing AFEQT data were 
0.5% (n=10/2211) at baseline and 12.1% (n=238/1973) 
at 1 year. To ensure that we examined a representa-
tive cohort of patients, we examined the differences 
in baseline characteristics between patients with and 
without available AFEQT data. We also examined the 
differences in baseline characteristics between the pa-
tients for whom TR data were and were not available.

In addition, we performed a subgroup analysis strat-
ified by catheter ablation performance after enrollment. 
We assessed the presence of an interaction between 
TR severity and left atrial diameter, heart rate at rest, and 
performance of catheter ablation after enrollment. All P 
values were 2- sided, with values <0.05 defined as sig-
nificant. Statistical analyses were performed using IBM 
SPSS software (version 25, IBM, Armonk, NY, USA).

RESULTS
Patient Characteristics
Among the 2211 patients included in our analysis, 
severe TR, moderate TR, mild TR, and no TR were 

observed in 13 (0.6%), 159 (7.2%), 935 (42.3%), and 
1104 (49.9%) patients, respectively. Relevant clinical 
patient characteristics are summarized in Table  1. 
The characteristics of the patients without TR grade 
data at baseline (n=325) were also largely compa-
rable with those in the analytic cohort, although 
patients with missing data were likely to have par-
oxysmal AF (Table  S1). Age, sex, the rate of par-
oxysmal AF, CHADS2 score, CHA2DS2- VASc score, 
serum brain natriuretic peptide level, and left atrial 
size were significantly different among the groups 
(P<0.05). With regard to the therapeutic strategy, 
the rhythm control strategy tended to be chosen in 
the no TR group (P<0.05). Elevated E/e’ (≥14) was 
more commonly observed in proportion to TR se-
verity. Logistic regression analysis showed that 
female sex, non- paroxysmal AF, age, left atrial di-
ameter, and serum hemoglobin level were indepen-
dently associated with the presence of significant 
TR (Table S2).

Relationship Between TR and HF 
Admission
During the follow- up period (median, 730  days [in-
terquartile range, 366−731 days]), 44 patients (2.0%) 
experienced HF hospitalization. The rate of hospitali-
zation increased proportionally with the severity of TR 
(1.0%, 2.2%, 5.7% and 23.1% for the absent, mild, 
moderate and severe groups respectively, P<0.001; 
Figure.  2). After adjustment for known confounders 
and variables related to pulmonary hypertension, pa-
tients with moderate or severe TR were more likely to 
be hospitalized for HF during the follow- up (Tables 2 
and 3). However, TR severity was not associated with 
other events, such as stroke, major bleeding, and 
all- cause death (Table 2). Even in the model includ-
ing brain natriuretic peptide as an adjusted variable, 
TR remained an associated predictor of HF admis-
sion (Table S3). In patients with subsequent HF, LVEF 
<40% was more commonly observed compared with 
patients without HF admission (9.3% versus 1.2%, 
P<0.001; Table S4). However, more patients with HF 
tended to take β- blockers than patients without HF 
(77.3% versus 48.8%, P<0.001), and have increased 
heart rate of >110 beats per minute at baseline 
(15.9% versus 4.3%, P<0.001). After enrollment, sig-
nificantly more patients with HF needed pacemaker 
implantation (4.5% versus 0.5%, P=0.001). In patients 
admitted with HF, 9 patients (2 paroxysmal AF; 7 non- 
paroxysmal AF) received catheter ablation procedure 
after enrollment. Out of these, 3 patients underwent 
catheter ablation after an HF event. In the subgroup 
analysis stratified by catheter ablation after enroll-
ment, severe TR was still associated with HF admis-
sion (hazard ratio=6.67, P=0.007) only in patients 
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who did not undergo catheter ablation (Table S5). In 
the subgroup analysis stratified by left atrial enlarge-
ment (eg, left atrial diameter <45 mm or ≥45 mm), TR 
was associated with HF admission in patients with 
left atrial diameter <45 mm (hazard ratio [HR], 4.30; 
P=0.040 for moderate TR versus no TR and hazard 
ratio, 26.89; P<0.001 for severe TR versus no TR) 
(Table S6). In the subgroup analysis stratified by heart 
rate at rest, the incidence of HF events occurred in 
proportion to TR severity. Only severe TR was sig-
nificantly associated with subsequent HF admission 
in the increased heart rate group (Table S7 and S8). 

In terms of subsequent hospitalization for HF, no in-
teraction was observed between TR severity and left 
atrial diameter, heart rate at rest, and performance of 
catheter ablation within 1 year after enrollment (P for 
interaction=0.170, 0.651, 0.140, respectively).

Quality of Life at Baseline and After 1- Year 
Follow- Up
Patients with greater TR tended to have dyspnea (8.1% 
versus 12.0% versus 15.1% versus 23.1%, for the no, 
mild, moderate, and severe TR groups, respectively, 

Table 1. Baseline Characteristics

Missing value,
% (n)

No TR
(n=1104)

Mild TR
(n=935)

Moderate TR 
(n=159)

Severe TR
(n=13) P value

Age, y 0.0 (0) 64.2±11.6 68.7±10.3 73.8±8.5 76.1±7.9 <0.001

Female sex, % (n) 0.0 (0) 21.3 (235) 37.9 (354) 44.7 (71) 76.9 (10) <0.001

Type of AF 1.49 (33)

First detected, % (n) 6.6 (72) 5.9 (55) 4.6 (7) 0.0 (0)

Paroxysmal AF, % (n) 61.8 (672) 48.4 (448) 31.4 (48) 30.8 (4)

Non- paroxysmal AF, % (n) 31.6 (343) 45.6 (422) 64.1 (98) 69.2 (9) <0.001

CHADS2 score 0.05 (1) 1.1±1.0 1.2±1.1 1.3±1.0 2.0±1.3 <0.001

CHA2DS2- VASc score 0.05 (1) 1.9±1.5 2.3±1.5 2.8±1.3 3.9±1.5 <0.001

Heart rate at rest, beats per minute 1.67 (37) 76.8±16.2 79.0±17.6 82.3±18.8 88.3±22.8 <0.001

Creatinine, mg/dL 5.02 (111) 0.9±0.5 0.9±0.8 1.0±1.3 0.9±0.3 0.376

Brain natriuretic peptide, pg/mL 27.4 (605) 95.1±121.9 136.0±145.1 204.0±134.6 403.9±302.0 <0.001

Left atrium size, cm 1.58 (35) 4.0±0.7 4.1±0.8 4.4±0.7 4.7±1.0 <0.001

LVEF, % 3.93 (87) 59.1±5.4 59.2±5.4 59.2±6.5 55.2±13.7 0.093

LVEF≥40 3.93 (87) 98.7 (1037) 98.8 (897) 98.0 (149) 84.6 (11) <0.001

E/e’ 22.3 (492) 9.6±4.4 10.5±4.2 12.6±5.7 13.9±4.1 <0.001

E/e’ ≥ 14, % (n) 22.3 (492) 11.1 (99) 16.7 (119) 35.1 (39) 62.5 (5) <0.001

Comorbidities

Prior mitral valve surgery, % (n) 0.0 (0) 0.1 (1) 0.5 (5) 0.0 (0) 0.0 (0) 0.241

Left side VHD, % (n) 0.0 (0) 5.3 (58) 9.2 (86) 36.5 (58) 46.2 (6) <0.001

Aortic stenosis ≥ moderate, % (n) 0.05 (1) 0.3 (3) 0.4 (4) 0.6 (1) 0.0 (0) 0.867

Aortic regurgitation ≥ moderate, % (n) 0.0 (0) 2.1 (23) 2.8 (26) 6.9 (11) 7.7 (1) 0.004

Mitral stenosis ≥ moderate, % (n) 0.05 (1) 0.0 (0) 0.2 (2) 1.3 (2) 0.0 (0) 0.006

Mitral regurgitation ≥ moderate, % (n) 0.0 (0) 3.1 (34) 6.3 (59) 31.4 (50) 46.2 (6) <0.001

Congenital heart disease, % (n) 0.05 (1) 1.0 (11) 2.6 (24) 5.7 (9) 0.0 (0) <0.001

Hypertension, % (n) 0.0 (0) 54.9 (606) 56.3 (526) 56.6 (90) 61.5 (8) 0.888

Diabetes, % (n) 0.05 (1) 17.3 (191) 12.5 (117) 9.4 (15) 15.4 (2) 0.005

COPD, % (n) 0.05 (1) 2.3 (25) 2.1 (20) 2.5 (4) 0.0 (0) 0.941

Thyroid disease, % (n) 0.05 (1) 1.9 (21) 2.5 (23) 1.9 (3) 0.0 (0) 0.777

Pacemaker implantation,% (n) 0.0 (0) 0.3 (3) 0.5 (5) 0.6 (1) 0.0 (0) 0.772

Therapeutic strategy

Rhythm control strategy, % (n) 0.14 (3) 63.6 (702) 62.6 (584) 38.4 (61) 15.4 (2) <0.001

Diuretics use, % (n) 0.0 (0) 8.2 (90) 9.2 (86) 18.9 (30) 53.8 (7) <0.001

Antiarrhythmic drug use, % (n) 0.0 (0) 26.9 (297) 19.7 (184) 12.6 (20) 0.0 (0) <0.001

Prior ablation history, % (n) 0.0 (0) 7.8 (86) 6.8 (64) 1.9 (3) 0.0 (0) 0.036

Ablation within 1- y after enrollment 0.05 (1) 45.0 (496) 46.7 (437) 23.3 (37) 0.0 (0) <0.001

Values are expressed as the mean±SD or % (n). AF indicates atrial fibrillation; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection 
fraction; TR, tricuspid regurgitation; and VHD, valvular heart disease.
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P=0.002), whereas they tended to be asymptomatic 
(42.3% versus 40.9% versus 55.3% versus 61.5%, for 
the no, mild, moderate, and severe TR groups, respec-
tively, P=0.003). The characteristics of the patients with-
out AFEQT data at the 1- year follow- up were largely 
comparable with those in the analytic cohort (Table S9). 
The baseline AFEQT overall summary score, subscale 
scores for symptoms and daily activities, and changes 
during the 1- year follow- up period across the TR se-
verity groups are summarized in Figure 3. At baseline, 
there were no significant differences among the groups 
in the AFEQT overall summary score and the scores for 
the symptoms and daily activities domains. However, 
the change in the AFEQT overall score was significantly 
lower in proportion to TR severity (Figure 3). As for the 
sensitivity analysis, when patients were stratified by the 
performance of catheter ablation procedures during the 
follow- up period, there were no significant intergroup 
differences in the overall and domain AFEQT scores 
during the 1- year follow- up period (Figure S1).
The severity of TR was significantly associated with a 
lower baseline AFEQT score for symptom domains in 
the univariate analysis; it was not associated with the 

overall summary score and the daily activity domain score. 
However, after adjusting for differences in the patients’ 
backgrounds, the trends were not obvious (Table S10).

DISCUSSION
The interaction between AF and HF is an important 
issue, and it is necessary to elucidate their relationship. 
TR was shown to be associated with higher mortality 
in patients with coexisting HF.14 In our study, TR had a 
negative effect, even in patients with newly diagnosed 
AF without previous HF. Patients with higher grade 
of TR showed a higher rate of dyspnea at baseline, 
whereas the TR grade was not associated with the 
AFEQT score both at baseline and during the 1- year 
follow- up. Moreover, TR was an associated predictor 
of admission for HF after adjusting for significant clini-
cal variables.

Relationship Between TR and HF
In our study, TR was an associated predictor of hos-
pitalization for HF after enrollment. To date, the clinical 

Figure 2. Kaplan‒ Meier curves showing heart failure admission by tricuspid regurgitation grade.
Kaplan– Meier curves for heart failure admission rates over the 2  years after enrollment. Heart failure 
admission increased significantly according to the tricuspid regurgitation grade. TR indicates tricuspid 
regurgitation.
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Table 2. Multivariable Analysis for the Influence of TR on Adverse Outcomes

Outcome No TR

Mild TR

P value

Moderate TR

P value

Severe TR

P valueHR (95% CI) HR (95% CI) HR (95% CI)

HF hospitalization

Unadjusted Reference 2.31 (1.11– 4.79) 0.025 5.82 (2.41– 14.04) <0.001 28.20 
(7.85– 101.38)

<0.001

Adjusted by model 1 Reference 1.52 (0.72– 3.19) 0.269 2.51 (1.00– 6.28) 0.050 6.19 (1.61– 23.76) 0.008

Adjusted by model 2 Reference 1.92 (0.91– 4.04) 0.087 3.88 (1.49– 10.10) 0.005 10.78 
(2.70– 43.02)

0.001

Composite outcome

Unadjusted Reference 1.92 (1.30– 2.85) 0.001 3.34 (1.94– 5.76) <0.001 7.89 (2.44– 25.52) 0.001

Adjusted Reference 1.39 (0.80– 2.43) 0.241 1.58 (0.71– 3.52) 0.261 1.47 (0.30– 7.20) 0.634

All- cause death

Unadjusted Reference 1.30 (0.61– 2.77) 0.494 1.62 (0.46– 5.67) 0.454 N/A (N/A– N/A) N/A

Adjusted Reference 0.92 (0.43– 1.96) 0.821 0.71 (0.20– 2.55) 0.596 N/A (N/A– N/A) N/A

Stroke

Unadjusted Reference 1.55 (0.58– 4.15) 0.387 1.99 (0.41– 9.57) 0.392 N/A (N/A– N/A) N/A

Adjusted Reference 1.28 (0.47– 3.47) 0.634 1.30 (0.26– 6.53) 0.746 N/A (N/A– N/A) N/A

Major bleeding

Unadjusted Reference 2.45 (1.29– 4.65) 0.006 2.52 (0.91– 7.01) 0.076 N/A (N/A– N/A) N/A

Adjusted Reference 1.86 (0.78– 4.41) 0.161 1.67 (0.42– 6.63) 0.464 N/A (N/A– N/A) N/A

HF indicates heart failure; HR, hazard ratio; and TR, tricuspid regurgitation. The multivariable model 1 was adjusted by clinically relevant variables (age, left 
ventricular ejection fraction, left- sided valvular heart disease, CHA2DS2- VASc score). The model 2 was adjusted by pulmonary hypertension related variables (left 
ventricular ejection fraction, left sided valvular heart disease, congenital heart disease, chronic obstructive pulmonary disease, left atrial diameter). Composite 
outcomes were adjusted for age, diabetes status, aortic stenosis, aortic regurgitation, mitral regurgitation, hypertension, coronary artery disease, left ventricular 
ejection fraction, and creatinine, brain natriuretic peptide, aspartate transaminase, and hemoglobin levels. Death was adjusted for age and diabetes status. 
Stroke events were adjusted for age. Major bleeding was adjusted for age, diabetes status, brain natriuretic peptide level, and aspirin use.

Table 3. Multivariable Analysis for the Influence of TR on Adverse Outcomes Admission With Imputed Data

Outcome No TR

Mild TR

P value

Moderate TR

P value

Severe TR P value

HR (95% CI) HR (95% CI) HR (95% CI)

HF hospitalization

Unadjusted Reference 2.31 (1.11– 4.79) 0.025 5.82 (2.41– 14.04) <0.001 28.20 (7.85– 101.38) <0.001

Adjusted by model 1 Reference 1.63 (0.78– 3.39) 0.194 2.57 (1.03– 6.43) 0.043 6.46 (1.67– 24.95) 0.007

Adjusted by model 2 Reference 2.06 (0.99– 4.32) 0.055 3.91 (1.50– 10.16) 0.005 11.3 (2.82– 45.20) 0.001

Composite outcome

Unadjusted Reference 1.92 (1.30– 2.85) 0.001 3.34 (1.94– 5.76) <0.001 7.89 (2.44– 25.52) 0.001

Adjusted Reference 1.31 (0.76– 2.24) 0.330 1.46 (0.66– 3.20) 0.349 1.34 (0.27– 6.56) 0.722

All- cause death

Unadjusted Reference 1.30 (0.61– 2.77) 0.494 1.62 (0.46– 5.67) 0.454 N/A (N/A– N/A) N/A

Adjusted Reference 0.92 (0.43– 1.96) 0.821 0.71 (0.20– 2.55) 0.596 N/A (N/A– N/A) N/A

Stroke

Unadjusted Reference 1.55 (0.58– 4.15) 0.387 1.99 (0.41– 9.57) 0.392 N/A (N/A– N/A) N/A

Adjusted Reference 1.28 (0.47– 3.47) 0.634 1.30 (0.26– 6.53) 0.746 N/A (N/A– N/A) N/A

Major bleeding

Unadjusted Reference 2.45 (1.29– 4.65) 0.006 2.52 (0.91– 7.01) 0.076 N/A (N/A– N/A) N/A

Adjusted Reference 1.86 (0.78– 4.41) 0.161 1.67 (0.42– 6.63) 0.464 N/A (N/A– N/A) N/A

HF indicates heart failure; HR, hazard ratio; and TR, tricuspid regurgitation. To account for missing data, we performed single mean imputation for left 
ventricular ejection fraction and serum creatinine level. The multivariable model 1 was adjusted by clinically relevant variables (age, left ventricular ejection 
fraction, left- sided valvular heart disease, CHA2DS2- VASc score). The model 2 was adjusted by pulmonary hypertension related variables (left ventricular 
ejection fraction, left sided valvular heart disease, congenital heart disease, chronic obstructive pulmonary disease, left atrial diameter). Composite outcomes 
were adjusted for age, diabetes status, aortic stenosis, aortic regurgitation, mitral regurgitation, hypertension, coronary artery disease, left ventricular ejection 
fraction, and creatinine, brain natriuretic peptide, aspartate transaminase, and hemoglobin levels. Death was adjusted for age and diabetes status. Stroke 
events were adjusted for age. Major bleeding was adjusted for age, diabetes status, brain natriuretic peptide level, and aspirin use.
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influence of TR has been evaluated mainly in patients 
with HF and is reportedly influenced by LVEF and pul-
monary hypertension, depending on the study8,18; the 
prognostic impact of TR in patients without HF or left 
ventricular dysfunction has been scarcely investigated. 
Although AF is a leading cause of TR,9 the associa-
tion between the clinical end point and AF- induced TR 
without HF remains largely unknown. According to our 
study’s findings, we speculate that TR may be a sensi-
tive surrogate marker of HF in patients with AF or that 
TR itself can serve as a causal factor of HF admission 
through volume overload in the right ventricle. As a sur-
rogate marker, TR is known to be associated with the 
severity of left- sided HF, pulmonary hypertension, and 
right ventricular function deterioration in patients with 
HF with preserved EF.19,20 In our study, we could not 
show an independent association between severe TR 
and subsequent HF events in the multivariable model 
adjusted for brain natriuretic peptide, nor in patients 
with left atrial diameter ≥45  mm. This may indicate 
that TR works as a surrogate marker of early phase 

left- sided HF without progressive atrial remodeling 
and advanced HF. In right- sided HF, TR may cause 
HF through TR- induced volume overload in the right 
ventricle, leading to right ventricular dysfunction and 
interventricular interaction.

Association Between TR and QOL
As for patients’ QOL, significant TR in patients with 
post- mitral valve surgery and HF with reduced LVEF 
is reported to be associated with impaired symp-
toms.13,21 Although the relationship between right- 
sided HF symptoms such as edema and TR in patients 
with HFrEF has been reported,13 no study has evalu-
ated this relationship using a quantitative QOL meas-
urement tool. Moreover, the QOL of patients with AF 
with regard to TR has not been reported. In our study, 
there were no significant differences in baseline AFEQT 
scores among the different TR grades; however, pa-
tients with TR still showed a higher rate of dyspnea. 
Patients with severe TR and preserved LVEF were 

Figure 3. Atrial Fibrillation Effects on Quality- of- Life score at baseline and score changes after 1 year of treatment.
A, Atrial Fibrillation Effects on Quality- of- Life score at baseline. B, Atrial Fibrillation Effects on Quality- of- Life score change after 
1 year of treatment. The thick line in the middle is the median. Asterisk indicates a statistically significant difference (P<0.05) among 
the groups. The top and bottom box lines show the first and third quartiles. The whiskers show the maximum and minimum values, 
with the exceptions of outliers (circles) which are at least 1.5 box length from the median. Data are presented as median (interquartile 
range). AFEQT indicates Atrial Fibrillation Effects on Quality- of- Life; and TR, tricuspid regurgitation.
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reported to have lower peak VO2 and higher pulmo-
nary capillary wedge pressure during exercise, which 
might explain the higher rate of dyspnea in our co-
hort.21 On the other hand, the higher rate of persis-
tent AF and asymptomatic patients in the significant 
TR group might account for the higher AFEQT score. 
A previous study reported that TR severity did not 
change or worsen during rate control therapy in pa-
tients with AF and TR, although it improved heart rate 
and HF symptoms. The result was compatible with our 
findings showing a non- significant impact of TR on 
patients’ QOL.22 The higher rate of catheter ablation 
in the non- TR group would explain the improved QOL 
in the non- TR group compared with the significant TR 
group since catheter ablation can improve patients’ 
QOL better than conservative treatment.17 From the 
sensitivity analysis according to catheter ablation per-
formance, there were no significant differences among 
the groups, suggesting the higher rate of catheter abla-
tion explains the improved AFEQT score change in the 
non- TR group compared with the significant TR group.

Treatment of TR in Patients With AF
Conservative treatment is recommended in the current 
guidelines for severe isolated secondary TR without 
severe ventricular dysfunction or pulmonary hyperten-
sion.23 Recently, rhythm control strategies, including 
catheter ablation, have been proposed to promote re-
verse atrial remodeling and decrease TR severity.24,25 
In our subgroup analysis stratified by catheter ablation, 
TR was not associated with HF admission in patients 
who underwent catheter ablation after enrollment. 
Although patients who underwent catheter ablation 
tended to be younger and had fewer coexisting dis-
eases, it is possible that a sinus restoration strategy 
could induce reverse remodeling of the right atrium 
and lessen TR severity, leading to less subsequent HF 
admission. Certainly, catheter ablation could reduce 
the occurrence of subsequent HF admission, irrespec-
tive of TR, according to the CASTLE- AF Trial.26 Further 
detailed studies are needed to determine the influence 
of sinus restoration and TR improvement on the occur-
rence of subsequent HF events.

Study Limitations
Our study’s limitations should be acknowledged for 
a thorough understanding of the results. First, non- 
randomized observational research has inherent limi-
tations, although it is the best approach to describe 
the current treatment patterns and outcomes of care. 
There are likely to be unmeasured confounders, such 
as depression or frailty, that may explain some of the 
observed differences in QOL between the TR and non-
 TR groups. Second, the method of grading TR might 
differ among the hospitals, and we could not assess 

quantitative data about the severity of TR and right ven-
tricular dysfunction, such as the TR pressure gradient, 
pulmonary artery systolic pressure, right atrial diameter, 
tricuspid annulus diameter, and right ventricular diam-
eter. Although pulmonary hypertension and right ven-
tricular dysfunction were reported to be associated with 
the influence of TR,12,27,28 we could not obtain the rel-
evant data in this study. Moreover, although we adjusted 
for the confounding factor related to pulmonary hyper-
tension, we could not adjust for the confounding effects 
of idiopathic pulmonary hypertension. Third, we did not 
have data on the detailed information of HF events in-
cluding the rhythm at admission and could not separate 
HF admissions between left- sided and right- sided HF. 
Fourth, in the assessments of TR’s pathogenicity, re-
duced LVEF had a substantial influence. However, our 
registry included only a small number of patients with 
LVEF <40% (1.4% [n=30 /2124]), and we could not per-
form subgroup analysis for the degree of LVEF. Fifth, 
although TR improvement during the follow- up period 
is of concern, we did not have information about the 
change of TR. Sixth, the rhythm information at follow- up 
was obtained from medical record within 3 months from 
the date of annual follow- up. Therefore, the rhythm at 
the time of the HF event and the exact recurrence rate 
of AF following catheter ablation were unknown. Finally, 
since our registry enrolled only patients in Japan who 
were treated in large tertiary care referral centers, the 
possibility of an effect of selection bias on our measured 
outcomes cannot be denied.

CONCLUSIONS
TR severity at AF diagnosis was an associated predic-
tor of subsequent hospitalization for HF, which warrants 
the need for a more intensive follow- up and manage-
ment aiming towards prevention of HF progression.
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Table S1. Comparison between TR-grade missing and non-missing group. 

 

missing (n =325) non-missing (n = 2211) P value 

Age, years 67.4±12.3 66.9±11.2 0.502 

Female sex, % (n) 29.8 (97) 30.3 (670) 0.867 

Type of AF    

first detected, % (n) 9.1 (29) 6.2 (134)  

paroxysmal, % (n) 60.6 (194) 53.8 (1172)  

non-paroxysmal, % (n) 30.3 (97) 40.0 (872) 0.002 

CHADS2 score  1.2±1.1 1.1±1.1 0.335 

CHA2DS2-VASc score 2.3±1.6 2.2±1.5 0.135 

Heart rate at rest, bpm 75.6±16.4 78.2±17.1 0.013 

Creatinine, mg/dL 0.9±0.4 0.9±0.7 0.403 

Brain natriuretic peptide, pg/mL 103.1±112.4 121.9±139.8 0.068 

Left atrium size, cm 4.7 4.1±0.7 0.370 

Left ventricular ejection fraction, % 45.0 59.1±5.6 0.012 

E/e' N/A 10.2±4.5 N/A 

Comorbidities 

   

prior mitral valve surgery, % (n) 0.6 (2) 0.3 (6) 0.302 

significant MR, % (n)  0.0 (0) 6.7 (149) 0.788 

left side VHD, % (n) 0.0 (0) 9.4 (208) 0.747 

Hypertension, % (n) 56.9 (185) 55.6 (1230) 0.661 

Diabetes mellitus, % (n) 16.3 (53) 14.7 (325) 0.449 

COPD, % (n) 1.8 (6) 2.2 (49) 0.668 

Thyroid disease, % (n) 1.2 (4) 2.1 (47) 0.286 

Pacemaker Implantation,% (n) 0.9 (3) 0.4 (9) 0.206 

Values are expressed as the mean ± standard deviation or % (n). 

AF = atrial fibrillation, MR = mitral regurgitation, VHD = valvular heart disease, COPD = chronic 

obstructive pulmonary disease.  

 

 

 



Table S2. Logistic regression analysis for the predictor of significant TR. 

 

 Univariate Multivariable 

 OR (95% CI) P value OR (95% CI) P value 

Female sex 2.19 (1.60 - 3.00) <0.001 1.58 (1.08 – 2.33) 0.020 

Mitral valve surgery N/A 0.999   

Hypertension 1.06 (0.78 - 1.45) 0.711   

Diabetes 0.62 (0.37 - 1.03) 0.065   

COPD 1.05 (0.38 - 2.97) 0.920   

Thyroid disease 0.80 (0.25 - 2.62) 0.718   

Pacemaker implantation 1.49 (0.19 - 11.94) 0.710   

Non-paroxysmal AF  

(vs. paroxysmal AF) 
3.01 (2.14 – 4.25) <0.001 2.77 (1.87 – 4.12) <0.001 

Age (per 1year increase) 1.08 (1.06 - 1.10) <0.001 1.06 (1.04 – 1.09) <0.001 

CAD 1.69 (1.03 - 2.78) 0.037   

LVEF (per 1% increase) 0.99 (0.97 – 1.02) 0.625   

Left atrial diameter (per 1cm increase) 1.96 (1.59 - 2.42) <0.001 1.53 (1.19 – 1.97) 0.001 

Hb (per 1g/dl increase) 0.76 (0.70 - 0.84) <0.001 0.85 (0.76 – 0.96) 0.006 

Creatinine (per 1 mg/dl increase) 1.13 (0.97 – 1.32) 0.130   

 

OR, odds ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; AF, atrial 

fibrillation; CAD, coronary artery disease; LVEF, left ventricular ejection fraction.



Table S3. Multivariable analysis for the influence of TR on heart failure admission 

including brain natriuretic peptide as an adjusted variable. 

 

 Multivariable model 1 Multivariable model 2 

 HR (95% CI) P value  HR (95% CI)  P value  

No TR Reference  Reference  

Mild TR 1.32 (0.52 – 3.36) 0.563 1.46 (0.56 – 3.81) 0.446 

Moderate TR 3.46 (1.15 – 10.44) 0.028 4.21 (1.37 – 12.95) 0.012 

Severe TR 2.82 (0.43 – 18.77) 0.283 3.56 (0.52 – 24.62) 0.198 

 

Multivariable Cox proportional hazard models for the influence of different degrees of TR on heart failure 

admission at the 2-year follow-up. The multivariable model 1 was adjusted by clinically relevant variables 

(age, left ventricular ejection fraction, left-sided valvular heart disease, CHA2DS2-VASc score) and brain 

natriuretic peptide level. The model 2 was adjusted by pulmonary hypertension related variables (left 

ventricular ejection fraction, left sided valvular heart disease, congenital heart disease, chronic obstructive 

pulmonary disease, left atrial diameter) and brain natriuretic peptide level. HR, hazard ratio; CI, 

confidence interval; TR, tricuspid regurgitation.  

 



Table S4. the characteristics of patients with and without heart failure.  

 

non-HF (n=2167) HF (n=44) P value 

Age, years 66.7 ± 11.2 77.3 ± 9.6 <0.001 

AF type    

first detected, % (n) 6.1 (131) 7.0 (3)  

paroxysmal, % (n) 54.2 (1158) 32.6 (14)  

non-paroxysmal, % (n) 39.6 (846) 60.5 (26) 0.016 

Left atrium diameter, cm  4.0 ± 0.7 4.5 ± 0.9 <0.001 

Ablation within 1year  

after enrollment, % (n) 
44.5 (963) 15.9 (7) <0.001 

AAD use, % (n) 22.9 (497) 9.1 (4) 0.030 

LVEF < 40%, % (n) 1.2 (26) 9.3 (4) < 0.001 

tachycardia at rest (≥110 bpm), % (n) 4.3 (91) 15.9 (7) < 0.001 

β blocker use, % (n) 48.8 (1057) 77.3 (34) <0.001 

CAD, % (n) 7.4 (161) 13.6 (6) 0.123 

ACS or PCI admission after 

enrollment, % (n) 
1.6 (34) 2.3 (1) 0.711 

Bleeding admission after 

enrollment, % (n) 
2.1 (45) 6.8 (3) 0.033 

Sick sinus syndrome, % (n) 3.4 (74) 4.5 (2) 0.684 

Pacemaker implanted before 

enrollment, % (n) 
0.4 (8) 2.3 (1) 0.050 

Pacemaker implantation after 

enrollment, % (n) 
0.5 (11) 4.5 (2) 0.001 

Hb, g/dl  14.1±1.6 12.9±2.4 0.002 

Total bilirubin  0.8 ± 0.5 0.7 ± 0.3 0.233 

AST, IU/L 26.2 ± 14.2 32.8 ± 34.3 0.214 

ALT, IU/L 23.8 ± 15.5 27.2 ± 36.2 0.549 

Brain natriuretic peptide, pg/mL 117.1 ± 132.3 374.4 ± 251.9 <0.001 

HF, heart failure; AF, atrial fibrillation; AAD, antiarrhythmic drug; LVEF, left ventricular ejection 

fraction; bpm, beats per minute; CAD, coronary artery disease; ACS, acute coronary syndrome; PCI, 

percutaneous coronary intervention; AST, aspartate aminotransferase; ALT, alanine aminotransferase.  

 

 



Table S5. Multivariable analysis for the impact of TR on heart failure admission 

stratified by catheter ablation after enrollment. 

 

Catheter ablation group Univariate Multivariable 

 HR (95% CI) P value HR (95% CI) P value 

No TR Reference  Reference  

Mild TR  1.18 (0.24 – 5.83) 0.843 0.84 (0.16 – 4.42) 0.833 

Moderate TR 4.51 (0.47 – 43.39) 0.192 3.95 (0.37 – 42.28) 0.256 

Severe TR  N/A N/A N/A N/A 

Non-Catheter ablation 

group 
Univariate Multivariable 

 HR (95% CI) P value HR (95% CI) P value 

No TR Reference  Reference  

Mild TR 2.79 (1.21 - 6.42) 0.016 1.91 (0.82 – 4.47) 0.134 

Moderate TR  5.06 (1.90 - 13.48) 0.001 2.71 (0.98 – 7.48) 0.055 

Severe TR  
20.96 (5.55 - 

79.20) 
<0.001 6.67 (1.69 – 26.40) 0.007 

 

HR, hazard ratio; CI, confidence interval; TR, tricuspid regurgitation. 



Table S6. Multivariable analysis for the impact of TR on heart failure admission 

stratified by left atrial diameter. 

 

Left atrial diameter < 45 mm Univariate Multivariable 

 HR (95% CI) P value HR (95% CI) P value 

No TR Reference  Reference  

Mild TR  4.03 (1.30 – 12.50) 0.016 2.49 (0.78 – 7.89) 0.122 

Moderate TR 11.87 (3.19 – 44.20) <0.001 4.30 (1.07 – 17.27) 0.040 

Severe TR  90.58 (16.53 –496.29) <0.001 26.89 (4.53 – 159.68) <0.001 

     

Left atrial diameter ≥ 45 mm Univariate Multivariable 

 HR (95% CI) P value HR (95% CI) P value 

No TR Reference  Reference  

Mild TR 1.04 (0.38 – 2.88) 0.934 0.82 (0.29 – 2.34) 0.715 

Moderate TR  2.09 (0.61 – 7.13) 0.240 1.25 (0.36 – 4.41) 0.727 

Severe TR  5.52 (0.68 – 45.03) 0.111 1.39 (0.15 – 13.26) 0.777 

 

HR, hazard ratio; CI, confidence interval; TR, tricuspid regurgitation. 



Table S7. the incidence of HF admission stratified by TR severity. 

 

patients with HR ≥ 77 bpm 
no TR 

(n = 515) 

mild TR 

(n = 475) 

moderate TR 

(n = 91) 

severe TR 

(n = 10) 
P Value 

Heart failure admission, % (n) 1.4 (7) 2.3 (11) 5.5 (5) 30.0 (3) < 0.001 

patients with HR < 77 bpm 
no TR 

(n = 565) 

mild TR 

(n = 450) 

moderate TR 

(n = 65) 

severe TR 

(n = 3) 
P Value 

Heart failure admission, % (n) 0.7 (4) 2.2 (10) 6.2 (4) 0.0 (0) 0.007 

HR, heart rate; bpm, beats per minute; TR, tricuspid regurgitation.  

 



Table S8. Multivariable analysis for the impact of TR on heart failure admission 

stratified by heart rate at enrollment. 

 

patients with 

heart rate ≥ 77 bpm 

    

 Univariate Multivariable 

 HR (95% CI) P value HR (95% CI) P value 

No TR  Reference  Reference  

Mild TR  1.74 (0.68 - 4.50) 0.250 1.05 (0.40 – 2.77) 0.926 

Moderate TR 4.13 (1.31 - 13.01) 0.015 1.88 (0.56 – 6.36) 0.311 

Severe TR  28.75 (7.37 - 112.14) <0.001 6.05 (1.34 – 27.30) 0.019 

patients with 

heart rate < 77 bpm 

    

 Univariate Multivariable 

 HR (95% CI) P value HR (95% CI) P value 

No TR  Reference    

Mild TR  3.24 (1.02 - 10.32) 0.047 2.25 (0.69 – 7.32) 0.179 

Moderate TR 8.90 (2.23 - 35.60) 0.002 3.59 (0.87 – 14.86) 0.078 

Severe TR N/A (N/A – N/A) N/A N/A (N/A – N/A) N/A 

 

HR, hazard ratio; CI, confidence interval; bpm, beats per minute; TR, tricuspid regurgitation.  



Table S9. Comparison between AFEQT missing and non-missing group. 

 missing (n =238) non-missing (n = 1973) P value 

Age, years 67.1 ± 13.9 66.9 ± 10.9 0.828 

Female sex, % (n) 29.4 (70) 30.4 (600) 0.751 

Type of AF    

first detected, % (n) 9.8 (23) 5.7 (111)  

paroxysmal, % (n) 48.9 (115) 54.4 (1057)  

non-paroxysmal, % (n)  41.3 (97) 39.9 (775) 0.031 

CHADS2 score  1.1 ± 1.1 1.1 ± 1.0 0.808 

CHA2DS2-VASc score 2.1 ± 1.6 2.2 ± 1.5 0.854 

Heart rate at rest, bpm 78.6 ± 18.1 78.1 ± 17.0 0.673 

Creatinine, mg/dL 0.9 ± 0.6 0.9 ± 0.7 0.976 

Brain natriuretic peptide, pg/mL 145.1 ± 196.5 119.5 ± 132.4 0.120 

Left atrium size, cm 4.0 ± 0.7 4.1 ± 0.7 0.363 

Left ventricular ejection fraction, % 58.7 ± 6.8 59.2 ± 5.4 0.343 

E/e'  10.8 ± 4.4 10.1 ± 4.5 0.042 

E/e' ≥ 14, % (n) 22.9 (40) 14.4 (222) 0.003 

Comorbidities    

prior mitral valve surgery, % (n) 0.0 (0) 0.3 (6) 0.394 

significant MR, % (n)  9.2 (22) 6.4 (127) 0.103 

Hypertension, % (n) 50.0 (119) 56.3 (1111) 0.064 

Diabetes mellitus, % (n) 13.9 (33) 14.8 (292) 0.698 

COPD, % (n) 3.8 (9) 2.0 (40) 0.080 

Thyroid disease, % (n) 2.5 (6) 2.1 (41) 0.647 

Pacemaker Implantation,% (n) 0.4 (1) 0.4 (8) 0.973 

Values are expressed as the mean ± standard deviation or % (n). 

AF = atrial fibrillation, MR = mitral regurgitation, VHD = valvular heart disease, COPD = chronic 

obstructive pulmonary disease 

 

 



Table S10. The linear regression analysis of AFEQT score in daily activity domain and 

symptom domain at baseline and score change after 1-year of treatment. 

  

Univariate Multivariable 

Daily activity domain 
Estimate (95% CI) P value Estimate (95% CI) P value 

Baseline     

Age (per 1year increase) -0.232 to -0.073 <0.001 -0.167 to 0.012 0.088 

Female sex -9.731 to -5.886 <0.001 -9.878 to -5.526 <0.001 

Paroxysmal AF 

 (vs. Non-paroxysmal) 
-6.208 to -2.458 <0.001 -5.246 to -1.122 0.002 

COPD -12.599 to -0.231 0.042 -12.240 to 0.596 0.075 

Creatinine  

(per 1mg/dL increase) 
-2.773 to -0.181 0.026 -3.619 to -0.977 0.001 

LVEF (per 1% increase) -0.129 to 0.197 0.685   

Left atrial diameter 

(per 1cm increase) 
0.265 to 2.772 0.018 -0.688 to 2.194 0.306 

Tricuspid Regurgitation 

(per 1 grade increase) 
-2.104 to 0.659 0.305   

Mitral Regurgitation 

(per 1 grade increase) 
-1.816 to 1.043 0.596   

Heart rate (per 1bpm increase) -0.101 to 0.005 0.075   

AFEQT change      

Age (per 1year increase) -0.350 to -0.172 <0.001 -0.330 to -0.184 <0.001 

Female sex -1.681 to 2.535 0.691   

Paroxysmal AF 

 (vs. Nonparoxysmal) 
2.931 to 6.997 <0.001 -0.014 to 3.288 0.052 

COPD -8.036 to 5.728 0.742   

Creatinine 

(per 1mg/dL increase) 
-0.899 to 1.903 0.483   

LVEF (per 1% increase) -0.171 to 0.190 0.919   

Left atrial diameter 

(per 1cm increase) 
-3.391 to -0.695 0.003 -1.177 to 1.077 0.931 

Tricuspid Regurgitation 

(per 1 grade increase) 
-2.960 to 0.044 0.057   

Mitral Regurgitation 

(per 1 grade increase) 
-1.941 to 1.175 0.629   



Heart rate (per 1bpm increase) -0.084 to 0.031 0.372   

Ablation after enrollment 8.791 to 12.566 <0.001 5.606 to 8.758 <0.001 

AFEQT daily activities  

at baseline  

(per 1point increase) 

-0.664 to -0.595 <0.001 -0.656 to -0.585 <0.001 

 

 Univariate Multivariable 

Symptom domain Estimate (95%CI) P value Estimate (95% CI) P value 

Baseline     

Age (per 1year increase) 0.023 to 0.168 0.010 0.012 to 0.173 0.025 

Female sex -6.603 to -3.062 <0.001 -6.488 to -2.582 <0.001 

Paroxysmal AF 

(vs. Nonparoxysmal) 
-11.270 to -7.918 <0.001 -10.237 to -6.344 <0.001 

COPD -2.834 to 8.379 0.332   

Creatinine 

(per 1mg/dL increase) 
-0.960 to 1.430 0.700   

LVEF  

(per 1% increase) 
-0.272 to 0.027 0.109   

Left atrial diameter  

(per 1cm increase) 
3.069 to 5.336 <0.001 0.256 to 2.847 0.019 

Tricuspid Regurgitation  

(per 1 grade increase) 
0.222 to 2.749 0.021 -1.377 to 1.620 0.874 

Mitral Regurgitation  

(per 1 grade increase) 
0.510 to 3.113 0.006 -1.380 to 1.730 0.825 

Heart rate (per 1bpm increase) 0.003 to 0.100 0.037 -0.060 to 0.043 0.747 

AFEQT change      

Age (per 1year increase) -0.301 to -0.131 <0.001 -0.168 to -0.040 0.002 

Female sex -1.196 to 2.833 0.426   

Paroxysmal AF 

(vs. Nonparoxysmal) 
6.132 to 9.992 <0.001 -1.329 to 1.757 0.785 

COPD 

(per 1mg/dL increase) 
-7.669 to 5.486 0.745   

Creatinine  

(per 1mg/dL increase) 
-1.625 to 1.068 0.685   

LVEF (per 1% increase) -0.060 to 0.285 0.201   

Left atrial diameter  

(per 1cm increase) 
-5.755 to -3.197 <0.001 -1.979 to 0.034 0.058 

Tricuspid Regurgitation  -2.752 to 0.120 0.073   



(per 1 grade increase) 

Mitral Regurgitation  

(per 1 grade increase) 
-2.831 to 0.145 0.077   

Heart rate (per 1bpm increase) -0.133 to -0.023 0.006 -0.065 to 0.016 0.231 

Ablation after enrollment 7.794 to 11.415 <0.001 2.566 to 5.378 <0.001 

AFEQT symptom score at 

baseline  

(per 1 point increase) 

-0.791 to -0.727 <0.001 -0.771 to -0.700 <0.001 

 

CI = confidence interval, AF = atrial fibrillation, AFEQT = Atrial Fibrillation Effects on 

Quality of Life, COPD = chronic obstructive pulmonary disease, LVEF = left ventricular 

ejection fraction, bpm = beat per minute. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1. AFEQT score changes after 1 year of treatment stratified by catheter 

ablation procedure after enrollment.  

 

a: AFEQT score change after 1 year of treatment in patients who underwent catheter ablation 

after enrollment. b: AFEQT score change after 1 year of treatment in patients who did not 

undergo catheter ablation after enrollment. The thick line in the middle is the median. The top 

and bottom box lines show the first and third quartiles. The whiskers show the maximum and 

minimum values, with the exceptions of outliers (circles) which are at least 1.5 box length 

from the median. Data are presented as median (IQR). TR = tricuspid regurgitation. 

 


