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renin-angiotensin system (RAS) inhibitors and β-blockers and 
avoidance of class I antiarrhythmic agents.8,10 As a result, 
except for anticoagulation therapies, no established strategy is 
available to definitely benefit AF patients with CHF in the 
current era.14 Given that the prevalence of AF and CHF is 
increased with aging,15–18 it is important to elucidate the prog-
nostic impact of AF in CHF patients in the era of the aging 
society, in which the number of HF patients is rapidly increas-
ing.19,20 In the present study, we thus examined the prevalence 
and prognostic impact of AF using the database of the Chronic 
Heart Failure Analysis and Registry in the Tohoku District-2 
(CHART-2) Study.21–25

trial fibrillation (AF) is one of the most common 
comorbidities in patients with heart failure (HF),1 
while HF is also commonly observed in AF patients.2 

Previous studies reported that the prevalence of AF in patients 
with chronic HF (CHF) ranged from 15 to 50%.3–11 Given that 
AF exerts negative hemodynamic effects by decreasing car-
diac output via the loss of atrial contraction, impaired ven-
tricular rate control and triggering ventricular arrhythmias,12,13 
it is conceivable that the presence of AF is associated with 
worse prognosis in CHF patients. It is controversial, however, 
as to whether AF is associated with worse prognosis of CHF 
patients,3–11 partly because standard management of AF has 
been changing along with implementation of amiodarone, 
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Background:  The prognostic impact of new-onset atrial fibrillation (AF) is not fully elucidated.

Methods and Results:  We examined 4,818 consecutive stage C/D chronic heart failure (CHF) patients in the 
Chronic Heart Failure Analysis and Registry in the Tohoku District-2 (CHART-2) Study (n=10,219). At enrollment, 
1,859 (38.6%) of them had AF. Compared with the 2,953 patients without AF, AF patients were characterized by 
higher age (71 vs. 68 years), lower estimated glomerular filtration rate (58.9 vs. 61.9 ml/min/1.73 m2), higher brain 
natriuretic peptide (152 vs. 74.5 pg/ml), similar left ventricular ejection fraction (56.8 vs. 56.5%), and a similar pre-
scription rate of β-blockers (48.1 vs. 50.6%) and renin-angiotensin system (RAS) inhibitors (72.9 vs. 71.6%). Among 
the patients without AF at enrollment, 106 (3.6%) developed new AF during the median 3.2-year follow-up, which 
was associated with increased mortality (adjusted hazard ratio, 1.72; P=0.013). In contrast, neither paroxysmal nor 
chronic AF at enrollment was associated with increased mortality. The mortality rate was significantly high in the first 
year after the onset of new AF. On inverse probability of treatment weighting analysis using propensity score, RAS 
inhibitors and statins were associated with reduced incidence of new AF, and diuretics were associated with increase 
of new AF.

Conclusions:  Onset of new AF, but not a history of AF, is associated with increased mortality in CHF patients, 
especially in the first year.    (Circ J  2016; 80: 157 – 167)
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We also examined the prognostic impacts of pAF, cAF and 
new AF. In order to examine whether new AF has a different 
prognostic impact from cAF or pAF, we compared the inci-
dence of the endpoints between patients who developed new 
AF without an antecedent HF admission and those with pAF 
or cAF. Furthermore, in order to examine whether new AF 
development after HF worsening has a prognostic impact, we 
also compared the prognosis after HF admission between 
patients who developed new AF after HF admission and those 
who did not. In addition, we examined the impact of β-blockers, 
RAS inhibitors, calcium channel blockers (CCB), statins and 
diuretics on the development of new AF.

Statistical Analysis
All continuous variables are reported as mean ± SD or median. 
All categorical variables are represented as frequency (per-
centage). Fisher’s exact test was used to compare categorical 
variables. Welch’s t-test was used to compare continuous 
variables. Multivariate logistic regression analysis was used to 
determine the related factors of AF and those of new AF at the 
time of enrollment. Kaplan-Meier method and log-rank test 
were used to estimate survival curves and HF-free survival 
curves. To evaluate the impact of AF, new AF, pAF and cAF 
on incidence of all-cause death, HF admission, CV death or 
non-CV death, multivariate Cox proportional hazard models 
were used. The covariates used in each multivariate analysis 
were separately chosen by the stepwise method from the fol-
lowing: sex, age, body mass index (BMI), systolic blood pres-
sure (BP), diastolic BP, heart rate, history of hypertension, 
diabetes mellitus, dyslipidemia, smoking, stroke, AF, malig-
nant disease, HF admission, etiology of CHF, including isch-
emic heart disease (IHD), dilated cardiomyopathy (DCM), 
valvular heart disease (VHD), hypertrophic cardiomyopathy 
(HCM), hypertension as an etiology of HF (HT), left ventricu-
lar (LV) wall thickness, left atrial (LA) dimension, LV dimen-
sion (LVD), LV ejection fraction (LVEF), estimated glomerular 
filtration rate (eGFR), mean corpuscular volume (MCV) of red 
blood cells, hemoglobin, brain natriuretic peptide (BNP), 
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Methods
CHART-2 Study
The CHART-2 Study (n=10,219) is a multicenter, prospec-
tive observational study as previously described in detail 
(NCT00418041).21–25 Briefly, patients aged >20 years with 
significant coronary artery disease or in stage B (n=5,401) and 
those with stage C/D HF (n=4,818) defined according to the 
ACCF/AHA guidelines26 were enrolled between October 2006 
and March 2010.21–25 All information was recorded at the time 
of enrollment, and thereafter annually by trained clinical research 
coordinators.

Study Design
The design of the present study is shown in Figure 1. Among 
the 10,219 patients enrolled, 4,818 had HF in stage C/D, and 
6 of them were excluded due to lack of electrocardiogram 
data. Among the remaining 4,812 patients, 1,859 (38.6%) had 
a history of AF ((+) AF) and 2,953 (61.4%) did not ((–) AF) 
at the time of enrollment. Of the 1,859 patients with a history 
of AF, 474 (25.5%) and 1,385 (74.5%) had paroxysmal AF 
(pAF) and chronic AF (cAF) at the time of registration, 
respectively. pAF and cAF were diagnosed by attending 
physician(s) at each hospital according to the clinical guide-
lines.16 Among 2,953 patients without a history of AF at the 
time of registration, 106 had newly developed AF during the 
median 3.8-year follow-up period ((+) new AF), while the 
remaining 2,847 did not ((–) new AF). AF was defined as new 
AF if it was the first documentation after enrollment in patients 
without a history of AF at enrollment. We compared clinical 
characteristics, treatment and long-term outcomes between (+) 
AF and (–) AF, between (+) new AF and (–) new AF, between 
pAF and cAF, and among (+) new AF, (–) new AF, pAF and 
cAF patients. The endpoints of the study were all-cause death, 
HF admission, cardiovascular (CV) death and non-CV death. 

Figure 1.    Study design. AF, atrial fibrilla-
tion; cAF, chronic AF; ECG, electrocar-
diogram; HF, heart failure; pAF, paroxysmal 
AF.
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patient did not have IHD, DCM, HCM or VHD, but had a 
history of HT. Fisher’s exact test was used to compare the 
annual incidence of all-cause death after new AF development 
between patients who developed new AF without an anteced-
ent HF admission and those with pAF and cAF.

We examined the associations between the use of β-blockers 
or RAS inhibitors and onset of new AF via the inverse prob-
ability of treatment weighting (IPTW) methods using the pro-
pensity score (PS).28 We calculated PS for β-blockers and 
RAS inhibitors with the following covariates: sex, systolic BP, 
diastolic BP, heart rate, LVD, BMI, BNP, eGFR, age, LVEF, 

NYHA class, medical treatment, including β-blockers, CCB, 
RAS inhibitors, diuretics, statins, anti-platelets, and warfarin. 
Among these covariates, 22 variables, including sex, age, BMI, 
diastolic BP, heart rate, history of hypertension, diabetes mel-
litus, stroke, HF admission, malignant disease, IHD, HT, LV 
wall thickness, LVEF, eGFR, MCV, hemoglobin, BNP, NYHA 
class, RAS inhibitors, diuretics and statins, were chosen on the 
stepwise method.

In the present study, VHD was specifically defined as severe 
aortic or mitral valvular disease on echocardiography with the 
use of standard criteria.27 CHF was attributable to HT when a 

Table 1.  (A) Baseline HF Patient Characteristics vs. Presence of AF, (B) Baseline HF Patient Characteristics vs. Type of AF

A All (n=4,812) (−) AF (n=2,953) (+) AF (n=1,859) P-value

Female 1,527 (31.7)    913 (30.9) 614 (33.0) 0.127

Age (years) 69.0±12.2 67.7±13.1 71.0±10.5 <0.001　
BMI (kg/m2) 23.3±5.0　　 23.6±5.0　　 23.0±4.8　　 <0.001　
NYHA functional class <0.001　
    I 1,123 (23.4)    782 (26.6)    341 (18.4)

    II 3,136 (65.4) 1,848 (62.9) 1,288 (69.4)

    III    494 (10.3)    282 (10.0)    212 (11.4)

    IV    39 (0.8)    24 (0.8)    15 (0.8)

Etiology of CHF

    Ischemic heart disease 2,408 (50.1) 1,841 (62.3)    567 (30.5) <0.001　
    Dilated cardiomyopathy    633 (13.2)    333 (11.3)    300 (16.1) <0.001　
    HCM  138 (2.9)    67 (2.3)    71 (3.8) 0.002

    Valvular heart disease  416 (8.7)  175 (5.9)    241 (13.0) <0.001　
    Hypertension    950 (19.7)    398 (13.5)    552 (29.7) <0.001　
Risk factors

    Hypertension 4,171 (86.7) 2,556 (86.6) 1,615 (86.9) 0.794

    Diabetes mellitus 1,634 (34.0) 1,063 (36.0)    571 (30.7) <0.001　
    Dyslipidemia 3,773 (78.4) 2,454 (83.1) 1,319 (71.0) <0.001　
    Smoking 2,106 (46.3) 1,330 (47.6)    776 (44.3) 0.030

Previous history

    Myocardial infarction 1,630 (33.9) 1,307 (44.3)    323 (17.4) <0.001　
    Stroke    934 (19.4)    495 (16.8)    439 (23.6) <0.001　
    Malignant disease    628 (13.1)    366 (12.4)    262 (14.1) 0.095

    Admission for heart failure 2,595 (54.0) 1,391 (47.1) 1,204 (64.8) <0.001　
Hemodynamics and LV function

    Systolic BP (mmHg) 126.2±19.2　　 127.4±19.2　　 124.2±19.0　　 <0.001　
    Diastolic BP (mmHg) 72.2±12.0 72.4±11.8 71.9±12.4 0.121

    Heart rate (beats/min) 72.4±14.9 70.9±13.3 74.7±16.9 <0.001　
    LVDd (mm) 52.1±9.2　　 52.3±9.5　　 51.9±8.9　　 0.168

    LAD (mm) 42.7±9.1　　 39.6±7.1　　 47.4±9.7　　 <0.001　
    LVEF (%) 56.6±15.4 56.5±15.8 56.8±14.7 0.495

Laboratory findings

    Hemoglobin (g/dl) 13.2±2.0　　 13.1±2.0　　 13.2±2.1　　 0.130

    eGFR (ml/min/1.73 m2) 60.7±21.3 61.88±22.1　　 58.85±19.9　　 <0.001　
    Albumin (g/dl) 4.1±0.5 4.1±0.5 4.0±0.5 0.005

    LDL-C (mg/dl) 105.0±30.7　　 105.0±30.4　　 105.0±31.3　　 0.981

    BNP (pg/ml) 104 74.45 152 <0.001　
Medications

    β-blockers 2,362 (49.1) 1,420 (48.1)    942 (50.7) 0.086

    RAS inhibitors 3,485 (72.4) 2,154 (72.9) 1,331 (71.6) 0.320

    Diuretics 2,747 (57.1) 1,451 (49.1) 1,296 (69.7) <0.001　
    Statins 1,841 (38.3) 1,379 (46.7)    462 (24.9) <0.001　
    Digitalis 1,135 (23.6)  274 (9.3)    861 (46.3) <0.001　

(Table 1 continued the next page.)
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Results
Factors Associated With AF in CHF Patients
Baseline characteristics are listed in Table 1A. Patients with 
AF, as compared with those without it, were characterized by 
higher age, lower BMI, lower eGFR, higher prevalence of 
prior stroke, and lower prevalence of diabetes mellitus and 

history of HF admission, HT, diabetes mellitus, dyslipidemia, 
malignant disease, hemoglobin, MCV, NYHA class, use of 
β-blockers (for PS of RAS inhibitors only), RAS inhibitors 
(for PS of β-blockers only), diuretics, CCB, and digitalis, LV 
wall thickness and LA dimension. All statistical analysis was 
performed using R version 3.1.1.29 P<0.05 was considered to 
be statistically significant.

B All  
(n=4,812)

(−) New AF 
(n=2,847)

(+) New AF 
(n=106) P-value pAF  

(n=474)
cAF 

(n=1,385) P-value P-value 
(whole)

Age (years) 69.0±12.2 67.7±13.1 68.3±11.9 0.640 71.2±10.4 71.0±10.5 0.629 <0.001　
Female 1,527 (31.7)    882 (31.0) 31 (29.3) 0.749 145 (30.6)  469 (33.9) 0.194 0.227

BMI (kg/m2) 23.3±5.0　　 23.6±5.1　　 23.6±4.7　　 0.980 23.5±4.1　　 22.8±5.1　　 0.004 <0.001　
NYHA class 0.531 0.235 <0.001　
    I 1,123 (23.4)    756 (26.7) 26 (24.8) 100 (21.2)  241 (17.4)

    II 3,136 (65.4) 1,783 (63.0) 65 (61.9) 322 (68.2)  966 (69.8)

    III    494 (10.3)  268 (9.5) 14 (13.3)   47 (10.0)  165 (11.9)

    IV    39 (0.8)    24 (0.9) 0 (0)　　　   3 (0.6)  12 (0.9)

Etiology of CHF

    Ischemic heart disease 2,408 (50.1) 1,784 (62.7) 57 (53.8) 0.067 197 (41.6)  370 (26.7) <0.001　 <0.001　
    Dilated cardiomyopathy    633 (13.2)    322 (11.3) 11 (10.4) 0.876   51 (10.8)  249 (18.0) <0.001　 <0.001　
    HCM  138 (2.9)    59 (2.1) 8 (7.6) 0.002 34 (7.2)  37 (2.7) <0.001　 <0.001　
    Hypertension  416 (8.7)    378 (13.3) 20 (18.9) 0.110 124 (26.2)  428 (30.9) 0.055 <0.001　
    Valvular heart disease    950 (19.7)  171 (6.0) 4 (3.8) 0.526 36 (7.6)  205 (14.8) <0.001　 <0.001　
    Others  228 (4.7)  108 (3.8) 5 (4.7) 0.601 28 (5.9)  87 (6.3) 0.826 0.002

Risk factors

    Hypertension 4,171 (86.7) 2,461 (86.5) 95 (89.6) 0.467 418 (88.2) 1,197 (86.4)　　 0.345 0.629

    Diabetes mellitus 1,634 (34.0) 1,029 (36.1) 34 (32.1) 0.412 158 (33.3)  413 (30.0) 0.166 0.002

    Dyslipidemia 3,773 (78.4) 2,365 (83.1) 89 (84.0) 0.895 369 (77.9)  950 (68.6) <0.001　 <0.001　
    Smoking 2,106 (46.3) 1,289 (47.9) 41 (40.2) 0.131   210 (46.36)  566 (43.6) 0.323 0.041

Previous history

    Cerebral infarction    934 (19.4)    476 (16.7) 19 (17.9) 0.693   99 (20.9)  340 (24.6) 0.117 <0.001　
    Myocardial infarction 1,630 (33.9) 1,267 (44.5) 40 (37.7) 0.195 139 (29.3)  184 (13.3) <0.001　 <0.001　
    Malignant disease    628 (13.1)    354 (12.4) 12 (11.3) 0.881   73 (15.4)  189 (13.7) 0.359 0.248

    Admission for HF 2,595 (54.0) 1,341 (47.1) 50 (47.2) 1.000 298 (62.9)  906 (65.4) 0.317 <0.001　
Hemodynamics and LV function

    Systolic BP (mmHg) 126.2±19.2　　 127.34±19.2　　 127.1±19.4　　 0.884 126.1±20.2　　 123.6±18.5　　 0.017 <0.001　
    Diastolic BP (mmHg) 72.2±12.0 72.4±11.8 72.3±11.6 0.903 71.6±13.0 72.0±12.1 0.590 0.154

    Heart rate (beats/min) 72.4±14.9 70.9±13.4 70.3±12.4 0.641 69.8±14.5 76.4±17.3 <0.001　 <0.001　
    LAD (mm) 52.1±9.2　　 39.4±7.0　　 43.2±8.6　　 <0.001　 42.5±8.0　　 49.1±9.6　　 <0.001　 <0.001　
    LVDd (mm) 42.7±9.1　　 52.2±9.4　　 53.5±11.0 0.261 51.4±8.7　　 52.0±8.9　　 0.179 0.358

    LVEF (%) 56.6±15.4 56.5±15.8 55.2±15.7 0.412 57.6±15.3 56.5±14.5 0.179 0.766

Laboratory findings

    Hemoglobin (g/dl) 13.2±2.0　　 13.1±2.0　　 13.2±2.2　　 0.587 13.2±1.9　　 13.2±2.1　　 0.531 0.094

    eGFR (ml/min/1.73 m2) 60.7±21.3 62.0±22.2 59.3±20.5 0.189 57.8±20.0 59.2±20.0 0.185 <0.001　
    Albumin (g/dl) 4.1±0.5 4.1±0.5 4.1±0.5 0.791 4.1±0.5 4.0±0.5 0.235 0.003

    LDL-C (mg/dl) 105.0±30.7　　 104.8±30.4　　 109.8±29.8　　 0.156 106.2±33.0　　 104.6±30.6　　 0.456 0.987

    BNP (pg/ml) 104 70.7 158 0.035 114.5 169 0.015 <0.001　
Medications

    β-blockers 2,362 (49.1) 1,366 (48.0) 54 (50.9) 0.554 245 (51.7)  697 (50.3) 0.632 0.311

    RAS inhibitors 3,485 (72.4) 2,079 (73.0) 75 (70.8) 0.580 328 (69.2) 1.003 (72.4)　　 0.194 0.367

    Diuretics 2,747 (57.1) 1,382 (48.5) 69 (65.1) 0.001 271 (57.2) 1,025 (74.0)　　 <0.001　 <0.001　
    Statins 1,841 (38.3) 1,345 (47.2) 34 (32.1) 0.002 149 (31.4)  313 (22.6) <0.001　 <0.001　
    Digitalis 1,135 (23.6)  257 (9.0) 17 (16.0) 0.001 140 (29.5)  721 (52.1) <0.001　 <0.001　
    Aspirin 2,766 (57.5) 1,803 (63.3) 61 (57.6) 0.259 262 (55.3)  640 (46.2) 0.001 <0.001　
    Warfarin 1,871 (38.9)    576 (20.2) 26 (24.5) 0.271 260 (54.9) 1,009 (72.9)　　 <0.001　 <0.001　

Data given as mean ± standard deviation, median of n (%). AF, atrial fibrillation; BMI, body mass index; BNP, brain natriuretic peptide; BP, 
blood pressure; cAF, chronic atrial fibrillation; eGFR, estimated glomerular filtration rate; HCM, hypertrophic cardiomyopathy; HF, heart failure; 
LAD, left atrial dimension; LDL-C, low-density lipoprotein cholesterol; LVDd, left ventricular diastolic dimension; LVEF, left ventricular ejection 
fraction; NYHA, New York Heart Association; pAF, paroxysmal atrial fibrillation; RAS, renin-angiotensin system.
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that of diuretics was associated with an increased incidence of 
new AF. Use of β-blockers and of CCB were not associated 
with incidence of new AF development.

Discussion
The major findings of the present study were that (1) more 
than one-third of CHF patients had current or past history of 
AF, with an unadjusted increased risk of death and HF admis-
sion; (2) given that AF patients were characterized by worse 
clinical profiles such as higher age, impaired renal function 
and higher NYHA classes, adjusted prognostic risk of AF was 
insignificant; (3) among the patients without history of AF at 
enrollment, approximately 1.2% developed new AF annually 
with an increased risk of death, which was highest in the first 
year after the onset; and (4) use of RAS inhibitors and of statins 
were associated with decreased incidence of development of 
new AF. These findings are clinically important because an 
understanding of the current impact of AF is crucial for better 
management of CHF patients in the current aging society.

Characteristics and Prevalence of AF in the CHART-2 Study
In the present study, AF patients were characterized by higher 
age, higher BNP, higher NYHA class, lower prevalence of 
IHD and higher prevalence of HT and DCM as etiology of 
CHF, which were similar findings in the previous studies.5,6,8 
Furthermore, prior or current history of AF was present in 
38.6% of the present CHF patients. Although this prevalence 
was within the previously reported range (15–50%),3–11 the 
prevalence was the highest except for the CONCENSUS 
Trial, in which the prevalence of AF was 50% in patients with 

dyslipidemia. AF patients had lower prevalence of IHD and 
higher prevalence of DCM, HCM, VHD and HT. AF patients 
were more frequently treated with diuretics and digitalis, 
whereas there was no significant difference in the use of 
β-blockers or RAS inhibitors. As compared with patients with-
out AF, AF patients had higher NYHA functional class, 
increased BNP and larger LA dimension, but had similar 
LVEF. Table 1B lists the baseline characteristics of patients 
in the 4 groups defined as (–) new AF, (+) new AF, pAF and 
cAF. Among the patients with AF, those with pAF, as com-
pared with those with cAF, had higher BMI, higher prevalence 
of IHD, dyslipidemia and history of myocardial infarction, 
smaller LA dimension and decreased use of diuretics. Table 2 
lists the factors associated with AF at enrollment and those 
predictive for development of new AF.

Prognostic Impact of AF in CHF
There were 732 deaths and 762 HF admissions during the 
median follow-up of 3.2 years. The cause of death was CV 
death in 337, non-CV death in 276 and unknown in 119. 
Among the 2,953 patients without a history of AF at enroll-
ment, 106 (3.6%) developed new AF with an annual incidence 
of approximately 1.2%. Among them, 78 developed new AF 
without any antecedent HF admission, 13 developed new AF 
after HF admission and, in the remaining 15 patients, new AF 
was documented on the same day of HF admission. Using 
Kaplan-Meier estimates and the univariate Cox proportional 
hazard models for all-cause death and HF admission, patients 
with AF had significantly higher incidences of all-cause death, 
HF admission, CV death and non-CV death (Figure 2), and 
those with new AF, pAF and cAF had increased incidence of 
death and HF admission compared with those without new AF 
(Figures 3A,B). As compared with patients without new AF, 
those with new AF had an increased incidence of CV death, 
but not had increased incidence of non-CV death, while those 
with pAF and those with cAF tended to have, or had increased 
incidences of CV death and non-CV death, respectively 
(Figures 3C,D). On multivariate Cox regression analysis for 
all-cause death and HF admission, history of AF at enrollment 
was not associated with all-cause death or HF admission 
(Figure 4A). Compared with patients without new AF, how-
ever, those with new AF had increased risk of all-cause death 
and HF admission, and those with pAF, but not those with 
cAF, had increased risk of HF admission (Figure 4B). Given 
that the impact of cAF and of pAF on all-cause death were not 
significantly different, we combined both groups in subse-
quent analysis. Importantly, the incidence of all-cause death 
and of HF admission were significantly higher in patients with 
new AF observed from its onset compared with those with AF 
at enrollment (all-cause death: hazard ratio (HR), 2.27; P=0.001; 
HF admission: HR, 1.68; P=0.037; Figures 5A,B). The 
patients with new AF, however, as compared with those with 
AF at enrollment, had an increased incidence of CV death but 
not of non-CV death (Figures 5C,D). In the patients with new 
AF, the annual mortality rate was significantly higher in the 
first year compared with those with cAF (Figure 5E). Among 
the patients who had HF admission during the follow-up, the 
mortality did not differ significantly between patients with 
new AF after HF admission and those without it (Figure 5F).

Use of Beta-Blockers and RAS Inhibitors and Onset of New 
AF
Relationships between medications and new AF development 
are shown in Figure 6. Use of RAS inhibitors and of statins 
were associated with a reduced incidence of new AF, while 

Table 2.  Factors Related to AF

Clinical characteristics OR P-value

Factors related to AF at enrollment

    Female sex 0.67 <0.001

    Age 1.02 <0.001

    BMI 0.96 <0.001

    Systolic BP 0.99 <0.001

    Diastolic BP 1.01 　0.023

    Heart rate 1.01 <0.001

    History of HF admission 1.79 <0.001

    Dyslipidemia 0.66 <0.001

    History of stroke 1.41 　0.001

    Ischemic heart disease 0.35 <0.001

    Hypertensive heart disease 1.37 　0.006

    LV wall thickness 0.95 <0.001

    LAD 1.15 <0.001

    LVDd 0.95 <0.001

    eGFR 0.99 　0.060

    MCV 1.01 　0.071

    Hemoglobin 1.17 <0.001

    NYHA class 1.17 　0.033

Factors related to new AF during follow-up

    HCM 3.96 　0.003

    Hypertensive heart disease 2.12 　0.007

    LA dimension 1.06 <0.001

    MCV 1.05 　0.025

    Diuretics 1.91 　0.011

MCV, multiple corpuscular volume; OR, odds ratio. Other abbre-
viations as in Table 1.
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Heart Study15 and 0.3% in the Hisayama Study in Japan,16 
although it was lower than that in the Caucasian patients with 
CHF (3–5%).13,29

Prognostic Impact of AF in CHF
In the present study, neither pAF nor cAF was associated with 
mortality after adjustment for clinical background, although 
both types of AF were associated with all-cause mortality on 
univariate analysis, a consistent finding with the previous 
reports.4,5,7–9,30 In contrast, the present study clearly demon-
strates that new AF was significantly associated with increased 
incidence of all-cause death and HF admission. The present 
study also showed that patients with pAF did not have 
increased incidence of all-cause death, but had increased inci-
dence of HF admission (Figure 4). Thus, it is conceivable that 
new AF or pAF, but not cAF, could cause acute change of 
hemodynamics by decreasing cardiac output or disturbing 
appropriate heart rhythm, resulting in worse prognosis in CHF 
patients. Given that the prognostic impact of new AF was noted 
on CV death, but not on non-CV death, it is also conceivable 
that the hemodynamic change by new AF or pAF might have 
affected the prognosis of CHF patients. In the present study, 

severe HF in NYHA class IV.11 Given that Hamaguchi et al 
also reported that the prevalence of AF was 35% among the 
Japanese patients with hospitalized HF in the JCARE-CARD,9 
Japanese patients with CHF might have a higher prevalence of 
AF as compared with Western patients with CHF. Another 
explanation could be the relatively preserved LVEF (mean 
56%) in the present study, given that a similar prevalence of 
AF (36%) was reported among hospitalized French patients 
with preserved LVEF (HFpEF).

Incidence and Risk Factors of New AF
In the present study, 106 of 2,953 patients without a history of 
AF (3.6%) developed new AF during the median 3.2-year 
follow-up, with an annual incidence of approximately 1.2%. 
The predictive factors of new AF in the present study included 
larger LA dimension, higher MCV, prescription of diuretics, 
and prevalence of HCM and HT as etiology of CHF, all of 
which were characteristics of elderly HF or HFpEF patients. 
In general, the incidence of new AF was more frequent in 
patients with CHF than in the general population. Indeed, in 
the present study, the annual incidence of new AF was higher 
than in the general population: 0.3–0.5% in the Framingham 

Figure 2.    Kaplan-Meier estimates for (A) all-cause death, (B) heart failure (HF) admission, (C) cardiovascular death and (D) non-
cardiovascular death. Curves for patients with atrial fibrillation (AF; (+) AF) and those without AF ((–) AF) at enrollment.
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prognostic risk after the onset of new AF could also be 
explained by adverse effects of medications initiated after the 
onset of new AF. Thus, radiofrequency catheter ablation (RFCA) 
for AF should be indicated shortly after the onset of new AF. 
It remains to be determined, however, whether RFCA for AF 
improves long-term prognosis of CHF patients, although it has 
been shown to improve peak oxygen consumption and LVEF 
in HF patients with reduced EF.31

Prognostic Impact of New AF in CHF
In the present study, new AF had a significant prognostic 
impact, particularly in the first year after the onset of new AF. 

pAF, as compared with new AF, had a small impact on HF 
admission and no impact on all-cause death, which could be 
explained by the length of time elapsed since the onset of AF, 
given that the prognostic impact of new AF was evident in the 
first year of new AF onset. Thus, conversion of AF and main-
tenance of sinus rhythm with pharmacological or non-pharma-
cological therapies may be most effective within the first year 
of new AF onset. Considering the smaller LA dimensions in 
the patients with new AF or pAF, conversion to sinus rhythm 
and/or maintenance of sinus rhythm is likely to be easier and 
more appropriate for those with new AF or pAF than for those 
with cAF. It should be noted, however, that the increased 

Figure 3.    Kaplan-Meier estimates for (A) all-cause death, (B) heart failure (HF) admission, (C) cardiovascular (CV) death and (D) 
non-CV death for patients with new atrial fibrillation (AF; (+) new AF), without new AF ((–) new AF), with paroxysmal AF (pAF) and 
those with chronic AF (cAF).
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be useful to reduce new AF.38 In contrast, it is controversial as 
to whether statins are effective to reduce the onset of AF.39–43 
In patients without HF, statin use was not associated with 
reduced incidence of new-onset AF except in the JUPITER 
Trial,39 which enrolled patients with high-sensitivity C-reac-
tive protein ≥2.0 mg/L, while it was reported that statin use 
was associated with reduced incidence of new onset AF in 
patients with HF,40,43 consistent with the present study. Thus, 
statins could be useful to prevent new-onset AF in patients 
with HF or inflammation, a pathological condition of HF. 
Thus, prevention of AF with RAS inhibition or statin use 
could be one of the most important therapeutic strategies in 
the management of CHF, although further clinical examina-
tion is warranted.

Study Limitations
Several limitations should be mentioned for the present study. 
First, the number of new AF patients was relatively small, 
which might have limited the power of the statistical analysis. 
Second, we did not have sufficient data to evaluate LA size 
other than LA dimension. Thus, it could be possible that 
evaluation of LA size was not accurate.44 Third, we did not 
have sufficient data to define the duration of AF in each patient. 
Fourth, the prognostic impact of β-blockers and of RAS inhib-
itors were analyzed based on the initial data at enrollment, and 
we did not include information on the doses of and adherence 
to these drugs during the follow-up period. Finally, because 
CHART-2 is a prospective observational study, the present 
results need to be carefully interpreted when generalizing to 
other populations.

Indeed, it has been considered that HF and AF may directly 
predispose to each other.1,2,30,32,33 Wang et al examined 1,470 
individuals who developed new AF, CHF, or both in the 
Framingham Heart Study, demonstrating that later develop-
ment of new AF was associated with increased mortality in 
CHF subjects.30 Moreover, pre-existing CHF adversely affected 
survival in individuals with new AF, while pre-existing AF 
was not associated with an adverse survival in those with 
CHF.34 It is still controversial, however, whether new AF has 
a prognostic impact independently of antecedent HF admis-
sion in patients with CHF.13,35 In the present study, it should 
be noted that new AF that developed without an antecedent 
hospitalization for HF had increased incidence of all-cause 
death shortly after new AF development, whereas new AF 
development after HF admission did not have any prognostic 
impact. Thus, new AF may have a prognostic impact only 
when it develops without antecedent HF worsening.

Prevention of AF in CHF Patients
In the present study, IPTW analysis showed that treatment 
with RAS inhibitors and statins was related to a decrease of 
new onset AF. Given that new-onset AF was significantly 
associated with poor prognosis in the present study, preven-
tion of new AF with RAS inhibitors or statins is important to 
improve the prognosis of CHF patients. In this regard, RAS 
inhibition may be important given that several studies reported 
the benefits of RAS inhibitors to prevent new AF in CHF 
patients.36,37 Indeed, we have recently reported that, in hyper-
tensive patients with CHF, combination of angiotensin-con-
verting enzyme inhibitors (ACEI) and olmesartan, but not 
triple combination of ACEI, β-blockers and olmesartan, could 

Figure 4.    (A) Univariate and (B) multivari-
ate Cox proportional regression analysis 
for all-cause death and heart failure (HF) 
admission. Circles, hazard ratio (HR); hor-
izontal lines, 95% CI calculated using 
inverse probability of treatment weighting. 
AF, atrial fibrillation; cAF, chronic AF; pAF, 
paroxysmal AF.
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Development of new AF, but not a history of pAF or cAF, was 
associated with increased mortality in CHF patients, suggest-
ing that dnAF is an important therapeutic target in the man-
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