
Introduction 

Atrial fibrillation (AF) is a common arrhythmia 
frequently observed both in clinical practice and 
in the general population.1–3 This non-fatal ar-
rhythmia often underlies serious complications 
including heart failure and stroke,4–6 which are 
important causes of mortality 7–9 as well as dimin-
ished quality of life.10 Identifying those individu-
als at increased risk for developing AF therefore 
has important public health implications. Several 
conditions, such as aging, hypertension, diabe-
tes mellitus, chronic kidney disease, and heart 

disease, have been proposed as risk factors con-
tributing to the initiation of AF.11–16 On the other 
hand, many individuals without such condi-
tions also suffer from AF, highlighting the limi-
tation of identifying high-risk individuals for AF 
among the general population using only these 
classical ‘risk factors’. In this regard, develop-
ment of a biomarker that predicts AF is desirable.
B-type natriuretic peptide (BNP) is secreted from 
ventricular myocytes in response to increased 
cardiac stress, and is a sensitive and significant 
marker of cardiac dysfunction.17–20 Indeed, circu-
lating levels of BNP are elevated in various or-
ganic cardiac disorders,20–23 as well as in patients 
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Abstract

Background: Although several conditions have been proposed as risk factors contributing to the inci-
dence of atrial fibrillation, many individuals without such ‘risk factors’ also suffer from atrial fibrilla-
tion. The present study tested the hypothesis that the risk of new-onset atrial fibrillation increases with 
increasing circulating levels of B-type natriuretic peptide in the general population. 
Methods: Participants in our health checkup program without atrial fibrillation or a history of atrial 
fibrillation were enrolled (n=10,058, 54.3±11.3 years old). After baseline evaluation, subjects were fol-
lowed up for the median of 1,791 days with the endpoint being the new onset of atrial fibrillation.
Results: Atrial fibrillation occurred in 53 subjects during the follow-up period (1.16 per 1,000 person-
year). The risk of new-onset atrial fibrillation increased across the gender-specific quartiles of B-type 
natriuretic peptide levels at baseline. In multivariate Cox proportional hazard regression analysis where 
B-type natriuretic peptide concentrations were taken as a continuous variable, B-type natriuretic peptide 
was a significant predictor of new onset of atrial fibrillation after adjustment for possible factors (hazard 
ratio 5.65 [95% CI 2.63–12.41]).
Conclusions: The risk of new onset of atrial fibrillation increases with increasing B-type natriuretic 
peptide levels in the general population. Measurement of B-type natriuretic peptide may improve the 
prediction of incident atrial fibrillation.
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with AF,18,24 both chronic and paroxysmal, even in 
the absence of heart failure. Since AF can be trig-
gered by cardiac overload, an increase in BNP 
levels may, conversely, precede the onset of AF. 
Indeed, BNP was reported to predict incident AF 
in the Framingham cohort.25,26 Interestingly, the 
prevalence of AF is more frequent in the United 
States than in Japan,1–3,27 thus the predictive value 
of BNP for incident AF may differ depending on 
ethnicity.28 The present study therefore sought 
to evaluate whether the risk of new-onset AF 
increases with increasing circulating BNP con-
centrations in the Japanese general population.
 
Methods

Study Design

This was an observational and follow-up study to 

assess the impact of BNP on the incidence of AF 
in subjects with normal sinus rhythm. The pres-
ent study accorded with the principles of the Dec-
laration of Helsinki and the study protocol was 
approved by the Ethics Committee of Enshu Hos-
pital. All participants gave written informed con-
sent to participate prior to the start of the study.

Study Subjects and Procedures

Apparently healthy participants who visited 
our hospital for a yearly physical checkup from 
July 2001 to June 2009 were included. The health 
checkup program included a routine physical ex-
amination, chest X-ray, electrocardiogram (ECG), 
and laboratory assessment of cardiovascular risk 
factors including BNP concentration. The 12-
lead ECGs were recorded after participants had 

Total
(n=10,058)

Female
(n=3,606)

Male
(n =6,452)

Age (year-old) 54.3±11.3 54.2±10.4 54.3±11.8
Body height (cm) 161.7±8.7 153.7±5.8 166.1±6.6*
Body weight (kg) 59.9±10.6 52.8±7.9 63.8±9.8*
Body mass index (kg/m2) 22.8±3.0 22.4±3.1 23.1±2.9*
Systolic blood pressure (mmHg) 126.4±16.9 124.7±17.3 127.3±16.7*
Diastolic blood pressure (mmHg) 77.0±10.6 75.0±10.4 78.1±10.6*
Mean blood pressure (mmHg) 93.4±11.9 91.6±11.9 94.5±11.8*
Heart rate (bpm) 63.5±10.1 66.2±10.2 62.0±9.7*
Serum creatinine (mg/dl) 0.74±0.21 0.60±0.10 0.81±0.22*
eGFR (ml/min/1.73m2) 81.4±14.5 82.4±14.9 80.8±14.3*
Uric acid (mg/dl) 5.3±1.4 4.3±0.9 5.9±1.3*
Fasting plasma glucose (mg/dl) 100.3±19.8 96.4±16.2 102.5±21.2*
LDL-cholesterol (mg/dl) 125.0±31.1 128.3±31.9 123.1±30.5*
HDL-cholesterol (mg/dl) 61.2±15.4 66.3±14.8 58.3±15.0*
Triglyceride (mg/dl) 114.6±75.4 94.3±51.3 126.0±83.9*
Hemoglobin (g/dl) 14.5±1.5 13.2±1.2 15.2±1.1*
Current smoking n (%) 2,749 (27.3%) 164 (4.5%) 2,585 (40.1%)*
BNP (pg/ml) 10.1±6.3 13.6±7.4 8.4±5.5#
Follow-up period (days) 1,791±762 1,482±752 1,815±740#
Hypertension n (%) 2,779 (27.6%) 885 (24.5%) 1,894 (29.4%)*
Diabetes mellitus n (%) 698 (6.9%) 145 (4.0%) 553 (8.6%)*
Dyslipidemia n (%) 4,581 (45.5%) 1,552 (43.0%) 3,029 (46.9%)†
Heart disease n (%) 188 (1.9%) 44 (1.2%) 144 (2.2%)†

Table 1 Baseline Characteristics of Subjects

Data are mean±SD, median±median absolute deviation (BNP and follow-up period), or number of subjects (%), *p<0.0001, 
†p<0.001 vs. female by unpaired Student’s t test or chi-square test. #p<0.0001 vs. female by Mann-Whitney U-test for BNP and 
follow-up period, eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; 
BNP, B-type natriuretic peptide.



rested for 1 minute in the supine position in an 
air-conditioned room and the diagnosis of AF 
was based on AF or atrial flutter present on ECG, 
which was confirmed by cardiologists. Consecu-
tive 10,127 participants were screened for eligibil-
ity for the present study. Subjects with AF, either 
chronic or paroxysmal, or a history of AF (n=69, 
0.68% of the total participants) were excluded 
and the remaining participants were enrolled 
(n=10,058, male=6,452, aged 54.3±11.3 years). Af-
ter the baseline medical checkup, participants 
were followed up for a median of 1,791 days with 
the endpoint being new onset of chronic or parox-
ysmal AF. ECGs were recorded once a year in an-
nual health checkups at our hospital. Participants 
were instructed to bring their ECG records when 
they visited other hospitals or clinics during the 
follow-up period and underwent an ECG exami-
nation. The onset of AF was confirmed based on 
these ECG results.

The relationship between baseline BNP concen-
tration and the incidence of AF during the follow-
up was analyzed using gender-specific quartiles 
of BNP and the BNP concentration as a continu-
ous variable. Linear regression analysis was per-
formed in each participant using BNP concen-
trations as a dependent variable and follow-up 
period (years) as an independent variable, with 
the slope of the regression line taken as the yearly 
increase in BNP. In participants who developed 
AF during the follow-up, the yearly increase in 

BNP was calculated using data collected prior to 
the onset of AF. The relationship between the new-
onset AF and longitudinal changes in the BNP con-
centration during the follow-up period was also 
investigated.

Hypertension was defined as systolic blood pres-
sure ≥140 mmHg, diastolic blood pressure ≥90 
mmHg, or use of antihypertensive medications. 
29 Diabetes mellitus was defined as fasting plas-
ma glucose ≥126 mg/dl or the use of anti-diabet-
ic medications, and dyslipidemia was defined as 
low-density lipoprotein-cholesterol ≥140 mg/dl, 
high-density lipoprotein-cholesterol <40 mg/dl, 
triglyceride ≥150 mg/dl, or the use of anti-dyslip-
idemic medications. Ischemic heart disease, dilat-
ed or hypertrophic cardiomyopathy, and valvular 
heart disease were defined as heart disease.

Measurement of Plasma BNP Concentrations
 
For the measurement of BNP, a 3-ml sample of 
patient blood was transferred to plastic tubes con-
taining 4.5 mg 2Na-ethylenediamine-tetraacetic 
acid. Plasma samples were prepared within 30 min 
by pre-cooled centrifuging, and were then imme-
diately frozen and stored at –70°C until analysis. 
The BNP concentration was measured by radioim-
munoassay (Shionoria BNP kit, Shionogi, Osaka, 
Japan).20 The normal reference range of BNP con-
centrations in our hospital is <21.3 pg/ml, which 
equates to the median (9.3 pg/ml) plus two median 
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Figure 1: Bar Graphs Showing the Incidence of Atrial Fibrillation in Different Age Groups, and in Female and Male Subjects, 
Respectively. White Columns Indicate Females and Black Columns Indicate Males



absolute deviations (6.0 pg/ml) obtained from 300 
consecutive normal subjects (women, 38%; age 
57.0 years, range 22–81 years).20 The intra- and in-
terassay coefficients of variation of the BNP assay 
were 4.0% and 4.7%, respectively. The lower limit 
of detection of the assay was 2.0 pg/ml BNP.

Statistical Analysis

All analyses were performed using StatView 5.0 
(SAS Institute, Inc, Cary, NC, USA). Data in the 
text and the tables are expressed as mean±standard 
deviation except for BNP concentrations and 
follow-up period, which were expressed as 
median±median absolute deviation. Differences 
between two means that had a normal distribution 
were compared by unpaired Student’s t test. The 
significance of any difference in medians was as-
sessed by the Mann-Whitney U-test or Wilcoxon 
signed-rank test. Yates’ corrected chi-squared (χ2) 
test was used for comparisons between categori-
cal data. Univariate and multivariate Cox pro-
portional hazard regression models were applied 
to examine the relationships of the baseline BNP 
concentration or longitudinal changes in BNP con-
centrations with the new-onset AF. In a separate 
analysis, gender-specific quartiles of baseline BNP 

values were used as a predictor of incident AF. 
To analyze the endpoint throughout the observa-
tion period, the difference in Kaplan-Meier curves 
for the quartiles was tested by the log-rank test. 
The cutoff value of the BNP level, sensitivity, and 
specificity of the cutoff value was calculated us-
ing receiver operating characteristic (ROC) curve 
analysis. A p value less than 0.05 is considered 
statistically significant.

Results

Baseline characteristics of subjects are listed in 
Table 1. Some subjects were under medical treat-
ment for hypertension (n=1,271, 12.6%), diabe-
tes mellitus (n=405, 4.0%), dyslipidemia (n=478, 
4.8%), or heart disease (n=188, 1.9%). The actual 
follow-up of this study was 45,526 person-years, 
during which AF occurred in 53 subjects (1.16 per 
1,000 person-years). The incidence was higher 
in male than in female subjects (1.51 vs. 0.51 per 
1,000 person-years) and increased with increasing 
age (Figure 1).

The impact of the BNP value on the develop-
ment of AF was analyzed using the gender-spe-
cific quartiles of BNP concentrations at baseline. 
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Figure 2: Kaplan-Meier analysis for new onset of atrial fibrillation. Participants were divided into gender-specific quartiles 
according to their baseline BNP concentrations. The median±median absolute deviation of BNP [range] is 4.5±1.5 [2.0–7.3], 
10.2±1.4 [7.4–13.5], 17.9±2.5 [13.6–23.7], and 34.0±7.5 [23.8–298.0] pg/ml for females and 2.0±0.0 [2.0–3.8], 5.9±1.1 [3.9–8.3], 11.7±2.0 
[8.4–16.7], and 26.1±6.9 [16.8–546.0] pg/ml for males in the first, second, third, and fourth quartiles, respectively. p<0.0001 by 
log-rank test
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was also an independent predictor of new onset of 
AF in subanalyses performed in male and female 
subjects (data not shown). The risk of developing 
AF increased by approximately 5.7-fold for every 
10 pg/ml increase in BNP concentration. Similar 
results were obtained in a subanalysis on subjects 
not taking medications for hypertension, diabe-
tes mellitus, dyslipidemia, or heart disease; BNP 
was an independent predictor of the incident AF 
(n=8,138, hazard ratio 5.19 (95% CI 1.91–14.04)).

Another approach to elucidating the importance 
of circulating BNP concentration for the risk eval-
uation of developing AF was made by calculat-
ing yearly changes in the BNP value. The yearly 
increases in BNP were significantly higher in 
participants with incident AF than those with-
out incident AF (6.32±13.32 vs. 0.94±8.99 pg/ml/
year). The impact of longitudinal changes in BNP 
concentration on the new onset of AF was also as-
sessed by multivariate Cox proportional hazard 
regression analysis. Longitudinal changes in BNP 
concentrations independently predicted the new 
onset of AF after adjustment for possible factors 
including BNP levels at baseline (Table 3). Similar 
results were obtained in participants not taking 
medications (Table 3).

The cutoff level of BNP, sensitivity and specific-

Kaplan-Meier curves clearly demonstrated that 
the incidence of AF increased across the quar-
tiles of BNP values (0.34, 0.36, 1.23, and 2.79 per 
1,000 person-years in the first, second, third, and 
fourth quartiles, respectively; Figure 2). The haz-
ard ratio of incident AF (first quartile as refer-
ence) was 0.935 (95% CI 0.232–3.769), 2.876 (95% 
CI 0.920–8.996), and 5.229 (95% CI 1.716–15.931) 
in the second, third, and fourth quartiles, re-
spectively, after adjustment for age, male gen-
der, body mass index, systolic blood pressure, 
heart rate, serum creatinine, uric acid, fasting 
plasma glucose, hemoglobin, current smoking 
status, and the presence of dyslipidemia and 
heart disease at baseline. To confirm the predic-
tive significance of the BNP value, univariate and 
multivariate Cox proportional hazard regression 
analyses were performed taking the BNP con-
centration as a continuous variable (Table 2). By 
univariate analysis, incident AF was correlated 
and with age, male gender, blood pressure, se-
rum creatinine, eGFR, uric acid, BNP, and heart 
disease. BNP remained an independent predic-
tor of new onset of AF in the multivariate analy-
sis after adjustment for age, male gender, body 
mass index, systolic blood pressure, heart rate, 
serum creatinine, uric acid, fasting plasma glu-
cose, presence of dyslipidemia and heart disease, 
hemoglobin, and current smoking status. BNP 

Figure 3: Receiver Operating Characteristic (ROC) Curve for BNP Levels in the Prediction for New Onset of Atrial Fibrillation
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(0.7%) was quite similar to that in previous re-
ported in Japanese subjects,3,9,27 suggesting that 
our cohort represented the Japanese general pop-
ulation. Although the incidence of AF during the 
follow-up in the present study (1.16 per 1,000 per-
son-years) was slightly lower than that in previous 
studies from Japan,30,31 the difference among the 
studies can largely be attributable to the difference 
in the prevalence of ‘classical risk factors’ such as 
hypertension, diabetes, and aging. Our study con-
firmed that the incident AF was less frequent in 
Asian populations than in Caucasian ,14 suggesting 
that ethnic difference should be considered when 
discussing the nature, prevalence, etiology, and 
prevention of the arrhythmia.28

This study clearly indicated that an increase in 
BNP concentration translates to elevated risk of 
AF, and that such risk in the Japanese general 
population could be evaluated by measuring BNP. 
Strikingly, BNP concentrations in individuals in 
the first to third quartiles were within normal ref-

ity of the level determined by ROC-curve analysis 
were 11.4 pg/mL, 81.1%, and 55.2%, respectively 
(Figure 3). The area under the ROC curve for BNP 
was 0.703.

Discussion

To the best of our knowledge, the present study 
demonstrated for the first time that circulating 
BNP concentration independently predicts the 
new onset of AF in the Japanese general popu-
lation. Although AF is not a fatal arrhythmia by 
nature, it is associated with an increase in cardio-
vascular mortality as well as morbidity, including 
stroke and heart failure. Identifying individuals 
with increased risk of AF is therefore an important 
step for the primary prevention of AF, which may 
be prevented or postponed in such individuals 
by medical intervention or lifestyle modification 
aimed at intensive overall risk reduction.

The prevalence of AF in our cohort at baseline 

Univariate Analysis Multivariate Analysis
Variables at Baseline Hazard Ratio (95%CI) P Hazard Ratio (95%CI) P
Age 1.10 (1.06–1.13) <0.0001 1.07 (1.04–1.11) <0.0001
Gender; Male 2.89 (1.36–6.13) 0.006 1.51 (0.57–4.00) 0.41
Body mass index 1.03 (0.94–1.13) 0.57 1.03 (0.93–1.15) 0.57
Systolic blood pressure 1.02 (1.01–1.04) 0.004 - -
Diastolic blood pressure 1.04 (1.01–1.07) 0.003 - -
Hypertension 2.51 (1.46–4.30) 0.001 1.24 (0.69–2.22) 0.48
Heart rate 0.98 (0.95–1.01) 0.17 1.00 (0.97–1.03) 0.87
Serum creatinine 1.66 (1.11–2.48) 0.01 1.17 (0.58–2.35) 0.68
eGFR 0.97 (0.95–0.99) 0.01 - -
Uric acid 1.25 (1.04–1.51) 0.02 1.11 (0.89–1.38) 0.37
Fasting plasma glucose 1.01 (0.99–1.02) 0.55 - -
Diabetes mellitus 1.49 (0.59–3.73) 0.40 1.02 (0.40–2.63) 0.97
LDL-cholesterol 1.00 (0.99–1.00) 0.25 - -
HDL-cholesterol 1.00 (0.98–1.01) 0.69 - -
Triglyceride 1.00 (0.99–1.00) 0.97 - -
Dyslipidemia 1.06 (0.62–1.81) 0.84 1.07 (0.60–1.90) 0.82
Hemoglobin 1.21 (0.99–1.47) 0.05 1.26 (0.98–1.61) 0.07
Current smoking 1.37 (0.78–2.41) 0.27 1.70 (0.91–3.17) 0.10
Heart disease 6.40 (2.55-16.09) <0.0001 2.33 (0.90–6.04) 0.08
BNP 7.13 (3.62–14.04) <0.0001 5.25 (2.48–11.11) <0.0001

Table 2 Univariate and multivariate Cox Proportional Hazard Regression Analyses Demonstrating the Relationships 
Between Variables Obtained at Baseline and New-Onset AF

eGFR, estimated glomerular filtration rate; BNP, B-type natriuretic peptide, Levels of BNP were log-transformed before statisti-
cal analysis



erence range, indicating that an increase in BNP 
concentration, even within the normal reference 
range, provides valuable information for the risk 
of incident AF. The predictive value of BNP was 
confirmed by regression analysis taking BNP as a 
continuous variable. Although several variables at 
baseline were significantly correlated with the new 
onset of AF by univariate analysis, most of them 
were not independent predictors by multivariate 
analysis, which identified only age and BNP re-
maining as significant independent predictors of 
AF risk. Indeed, small increases in baseline BNP 
(10 pg/ml) had a great impact on the incidence of 
AF (5.7-fold increase) after adjustment for classical 
risk factors. Changes in BNP concentration could 
also be important in predicting the new onset of 
AF, because longitudinal increases in BNP inde-
pendently predicted the incidence of AF, even af-
ter adjustment for the baseline value of BNP. This 
finding reinforced the clinical significance of BNP 
for the prediction of incident AF and implicated 
mechanisms underlying the present observation. 
Although some medications may affect BNP con-
centrations, the effect of medications seemed min-
imal in the present study because similar results 
were obtained in sub-analysis performed in par-
ticipants without medications.

Although the present result does not provide 
causal relationships, it does offer a possible expla-
nation for the close relationship between BNP con-
centration and incident AF. An increase in cardiac 
load, either manifest or subclinical, associated with 
systolic dysfunction, ventricular hypertrophy, and 
cardiac fibrosis potentially provokes or mediates 
AF and increases the ventricular secretion of BNP. 
Thus, the small BNP increases observed in the 
present study may reflect an increase in cardiac 
load, although the clinical significance of an in-
crease in the BNP value within normal range is not 
clear. Diastolic dysfunction also has a close asso-
ciation with the development of AF through an in-
crease in atrial pressure and volume ,31 and atrium 
is a source for BNP secretion even in the absence of 
ventricular dysfunction. 32,33 These interpretations 
could imply that intervention to reduce BNP levels 
could, at least in part, prevent the incident AF in 
individuals at high risk of AF via a reduction in 
cardiac load. Whether preventing an increase in or 
reducing BNP levels reduces the incidence of AF 
must be clarified by prospective follow-up stud-
ies. On the other hand, an increase in circulating 
BNP concentrations at baseline may have reflected 
the presence of clinically unidentified paroxysmal 
AF. Indeed, BNP is elevated in patients with par-
oxysmal as well as chronic AF without overt heart 
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Total Study Participants (n=10,058) Participants not Taking Medications (n=8,138)

Variables at Baseline Hazard Ratio (95%CI) p Hazard Ratio (95%CI) p
Age 1.09 (1.05–1.14) <0.0001 1.07 (1.03–1.12) 0.002
Gender; Male 1.16 (0.34–4.03) 0.81 1.39 (0.25–7.8) 0.71
Body mass index 0.97 (0.85–1.10) 0.64 0.93 (0.79–1.10) 0.40
Hypertension 1.22 (0.63–2.38) 0.56 0.88 (0.30–2.04) 0.62
Heart rate 0.99 (0.96–1.03) 0.67 0.96 (0.91–1.01) 0.09
Serum creatinine 0.50 (0.03–8.05) 0.63 1.47 (0.33–6.47) 0.61
Uric acid 1.17 (0.89–1.53) 0.27 1.22 (0.88–1.69) 0.22
Diabetes mellitus 0.77 (0.23–2.57) 0.67 0.91 (0.12–6.88) 0.93
Dyslipidemia 1.13 (0.58–2.17) 0.72 1.35 (0.60–3.02) 0.47
Hemoglobin 1.63 (1.22–2.17) 0.001 1.85 (1.28–2.66) 0.001
Current smoking 1.63 (0.80–3.31) 0.18 0.64 (0.26–1.60) 0.34
Heart disease 1.01 (0.24–4.36) 0.99 – –
BNP 3.09 (1.30–7.33) 0.01 3.49 (1.17–10.44) 0.03
Yearly increase in BNP 1.03 (1.02–1.05) <0.0001 1.04 (1.02–1.05) <0.0001

Table 3 Multivariate Cox proportional Hazard Regression Analyses Demonstrating the Impact of Yearly Increases 
in the BNP Level on the Risk of Developing AF

BNP, B-type natriuretic peptide, Levels of BNP were log-transformed before statistical analysis
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failure ,18,20,24 although an acute decrease in BNP 
levels has been reported after sinus rhythm res-
toration without alterations in echocardiographic 
parameters.33 Such findings should be taken into 
account when interpreting BNP values. Alterna-
tively, integrating changes in numerous factors 
may contribute to the predictive value of BNP, be-
cause the BNP concentration reflects many factors 
such as age, gender, renal function, hemoglobin, 
and cardiac function.

We confirmed that classical risk factors are predic-
tive of new onset of AF, although some of them 
were not independent factors. Furthermore, in-
flammation has also been associated with AF 34 
and C-reactive protein (CRP) has been reported 
as a significant predictor of new onset.25,35 Thus, 
evaluating combinations of these factors may im-
prove the predictive value of each individual risk 
factor. In this context, measuring BNP is particu-
larly valuable because it provides basically differ-
ent information from other risk factors.

Interpretation of the data is limited due to the fol-
lowing considerations: (1) selection bias may have 
existed because the study subjects were partici-
pants in a yearly physical checkup program of our 
hospital; (2) we may have missed asymptomatic 
AF episodes and clinically undetected paroxysmal 
AF at baseline and during the follow-up; (3) ECG 
was recorded only once a year in most of the par-
ticipants; (4) there may be ethnic difference in the 
prediction value of BNP; and (5) the use of single 
measurement of BNP and the reproducibility of 
BNP values may work as biases. Since the pres-
ent study offers the significant concept that BNP 
level could predict the development of AF, further 
studies with a large number of subjects should be 
pursued.

Conclusions

BNP independently predicts the new onset of AF 
in the Japanese general population. Identifying in-
dividuals with increased risk of AF may be helpful 
for the primary prevention of AF.
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References

1. Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG. 
Prevalence, age distribution, and gender of patients with atrial fi-
brillation. Analysis and implications. Arch. Intern. Med. 1995; 155: 
469–473. 
2. Iguchi Y, Kimura K, Aoki J, Kobayashi K, Terasawa Y, Sakai 
K, Shibazaki K. Prevalence of atrial fibrillation in community-
dwelling Japanese aged 40 years or older in Japan: analysis of 
41,436 non-employee residents in Kurashiki-city. Circ. J. 2008; 72: 
909–913. 
3. Inoue H, Fujiki A, Origasa H, Ogawa S, Okumura K, Kubota I, 
Aizawa Y, Yamashita T, Atarashi H, Horie M, Ohe T, Doi Y, Shi-
mizu A, Chishaki A, Saikawa T, Yano K, Kitabatake A, Mitamura 
H, Kodama I, Kamakura S. Prevalence of atrial fibrillation in the 
general population of Japan: an analysis based on periodic health 
examination. Int. J. Cardiol. 2009; 137: 102–107. 
4. Kimura K, Minematsu K, Yamaguchi T; Japan Multicenter 
Stroke Investigators’ Collaboration (J-MUSIC). Atrial fibrillation 
as a predictive factor for severe stroke and early death in 15,831 
patients with acute ischaemic stroke. J. Neurol. Neurosurg. Psy-
chiatry. 2005; 76: 679–683.
5. Friberg J, Buch P, Scharling H, Gadsbphioll N, Jensen GB. Ris-
ing rates of hospital admissions for atrial fibrillation. Epidemiol-
ogy. 2003; 14: 666–672.
6. Maan A, Shaikh AY, Mansour M, Ruskin JN, Heist EK. Stroke 
and death prediction with the impact of vascular disease in pa-
tients with atrial fibrillation. .J. Atr. Fibrillation. 2012; 2(11).
7. Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel 
WB, Levy D. Impact of atrial fibrillation on the risk of death: the 
Framingham Heart Study. Circulation. 1998; 98: 946–952. 
8. Suzuki S, Yamashita T, Ohtsuka T, Sagara K, Uejima T, Oikawa 
Y, Yajima J, Koike A, Nagashima K, Kirigaya H, Ogasawara K, 
Sawada H, Aizawa T. Prevalence and prognosis of patients with 
atrial fibrillation in Japan: a prospective cohort of Shinken Data-
base 2004. Circ. J. 2008; 72: 914–920. 
9. Ohsawa M, Okayama A, Okamura T, Itai K, Nakamura M, 
Tanno K, Kato K, Yaegashi Y, Onoda T, Sakata K, Ueshima H. 
Mortality risk attributable to atrial fibrillation in middle-aged and 
elderly people in the Japanese general population: Nineteen-year 
follow-up in NIPPON DATA80. Circ. J. 2007; 71: 814–819.
10. Reynolds MR, Lavelle T, Essebag V, Cohen DJ, Zimetbaum P. 
Influence of age, sex, and atrial fibrillation recurrence on quality 
of life outcomes in a population of patients with new-onset atrial 
fibrillation: the Fibrillation Registry Assessing Costs, Therapies, 
Adverse events and Lifestyle (FRACTAL) study. Am. Heart. J. 
2006; 152: 1097–1103. 
11. Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Va-
san RS, Benjamin EJ, Levy D; Framingham Heart Study. Lifetime 
risk for development of atrial fibrillation: The Framingham Heart 
Study. Circulation. 2004; 110: 1042–1046.
12. Benjamin EJ, Levy D, Vaziri SM, D’Agostino RB, Belanger AJ, 
Wolf PA. Independent risk factors for atrial fibrillation in a popu-
lation-based cohort: The Framingham Heart Study. JAMA. 1994; 
271: 840–844.
13. Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy TE. 
The natural history of atrial fibrillation: incidence, risk factors, 



 www.jafib.com                                                     52                       April-May, 2013 | Vol 5 | Issue 6                           

Journal of Atrial Fibrillation                                                                  Original Research                         

and prognosis in the Manitoba Follow-Up Study. Am. J. Med. 
1995; 98: 476–484.
14. Wolf PA, Benjamin EJ, Belanger AJ, Kannel WB, Levy D, 
D’Agostino RB. Secular trends in the prevalence of atrial fibril-
lation: the Framingham Study. Am. Heart. J. 1996; 131: 790–795. 
15. Horio T, Iwashima Y, Kamide K, Tokudome T, Yoshihara F, 
Nakamura S, Kawano Y. Chronic kidney disease as an indepen-
dent risk factor for new-onset atrial fibrillation in hypertensive 
patients. J. Hypertens. 2010; 28: 1738–1744. 
16. Huxley RR, Filion KB, Konety S, Alonso A. Meta-Analysis of 
Cohort and Case-Control Studies of Type 2 Diabetes Mellitus and 
Risk of Atrial Fibrillation. Am. J. Cardiol. 2011; 108:56–62.
17. Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, Ogawa 
Y, Shirakami G, Jougasaki M, Obata K, Yasue H. Brain natriuretic 
peptide as a novel cardiac hormone in humans. Evidence for an 
exquisite dual natriuretic peptide system, atrial natriuretic pep-
tide and brain natriuretic peptide. J. Clin. Invest. 1991; 87: 1402–
1412. 
18. Hirata Y, Matsumoto A, Aoyagi T, Yamaoki K, Komuro I, Su-
zuki T, Ashida T, Sugiyama T, Hada Y, Kuwajima I, Nishinaga 
M, Akioka H, Nakajima O, Nagai R, Yazaki Y. Measurement of 
plasma brain natriuretic peptide level as a guide for cardiac over-
load. Cardiovasc. Res. 2001; 51: 585–591.
19. McKie PM, Rodeheffer RJ, Cataliotti A, Martin FL, Urban LH, 
Mahoney DW, Jacobsen SJ, Redfield MM, Burnett JC Jr. Amino-
terminal pro-B-type natriuretic peptide and B-type natriuretic 
peptide: biomarkers for mortality in a large community-based 
cohort free of heart failure. Hypertension. 2006; 47: 874–880. 
20. Takase H, Toriyama T, Sugiura T, Takahashi A, Sugiyama M, 
Ohashi M, Ueda R, Dohi Y. Brain natriuretic peptide detects car-
diac abnormalities in mass screening. Eur. J. Clin. Invest. 2007; 
37: 257–262. 
21. Maeda K, Tsutamoto T, Wada A, Mabuchi N, Hayashi M, Tsu-
tsui T, Ohnishi M, Sawaki M, Fujii M, Matsumoto T, Kinoshita M. 
High levels of plasma brain natriuretic peptide and interleukin-6 
after optimized treatment for heart failure are independent risk 
factors for morbidity and mortality in patients with congestive 
heart failure. J. Am. Coll. Cardiol. 2000; 36: 1587–1593. 
22. Berger R, Huelsman M, Strecker K, Bojic A, Moser P, Stanek B, 
Pacher R. B-type natriuretic peptide predicts sudden death in pa-
tients with chronic heart failure. Circulation. 2002; 105: 2392–2397. 
23. Wu AH, Smith A, Wieczorek S, Mather JF, Duncan B, White 
CM, McGill C, Katten D, Heller G. Biological variation for N-ter-
minal pro- and B-type natriuretic peptides and implications for 
therapeutic monitoring of patients with congestive heart failure. 
Am. J. Cardiol. 2003; 92: 628–631.
24. Rossi A, Enriquez-Sarano M, Burnett JC Jr, Lerman A, Abel 
MD, Seward JB. Natriuretic peptide levels in atrial fibrillation: a 
prospective hormonal and Doppler-echocardiographic study. J. 
Am. Coll. Cardiol. 2000; 35: 1256–1262. 
25. Schnabel RB, Larson MG, Yamamoto JF, Sullivan LM, Pencina 
MJ, Meigs JB, Tofler GH, Selhub J, Jacques PF, Wolf PA, Magnani 
JW, Ellinor PT, Wang TJ, Levy D, Vasan RS, Benjamin EJ. Rela-
tions of biomarkers of distinct pathophysiological pathways and 
atrial fibrillation incidence in the community. Circulation. 2010; 
121: 200–207. 
26. Wang TJ, Larson MG, Levy D, Benjamin EJ, Leip EP, Omland 

T, Wolf PA, Vasan RS. Plasma natriuretic peptide levels and the 
risk of cardiovascular events and death. N. Engl. J. Med. 2004; 
350: 655–663. 
27. Iguchi Y, Kimura K, Shibazaki K, Aoki J, Kobayashi K, Sakai 
K, Sakamoto Y. Annual incidence of atrial fibrillation and related 
factors in adults. Am. J. Cardiol. 2010; 106: 1129–1133. 
28. Lahiri MK, Fang K, Lamerato L, Khan AM, Schuger CD. Ef-
fect of race on the frequency of postoperative atrial fibrillation 
following coronary artery bypass grafting. Am. J. Cardiol. 2011; 
107: 383–386. 
29. Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki J, Horiu-
chi M, Imai Y, Imaizumi T, Ito S, Iwao H, Kario K, Kawano Y, 
Kim-Mitsuyama S, Kimura G, Matsubara H, Matsuura H, Na-
ruse M, Saito I, Shimada K, Shimamoto K, Suzuki H, Takishita 
S, Tanahashi N, Tsuchihashi T, Uchiyama M, Ueda S, Ueshima 
H, Umemura S, Ishimitsu T, Rakugi H; Japanese Society of Hy-
pertension Committee. The Japanese Society of Hypertension 
Guidelines for the Management of Hypertension (JSH 2009). Hy-
pertens. Res. 2009; 32: 3–107. 
30. Watanabe H, Tanabe N, Watanabe T, Darbar D, Roden DM, 
Sasaki S, Aizawa Y. Metabolic syndrome and risk of develop-
ment of atrial fibrillation: the Niigata preventive medicine study. 
Circulation. 2008; 117: 1255–1260.
31. Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, Bai-
ley KR, Oh JK, Leibson C, Montgomery SC, Seward JB. Left ven-
tricular diastolic dysfunction as a predictor of the first diagnosed 
nonvalvular atrial fibrillation in 840 elderly men and women. J. 
Am. Coll. Cardiol. 2002; 40: 1636–1644.
32. Goetze JP, Friis-Hansen L, Rehfeld JF, Nilsson B, Svendsen 
JH. Atrial secretion of B-type natriuretic peptide. Eur. Heart. J. 
2006; 27: 1648–1650. 
33. Inoue S, Murakami Y, Sano K, Katoh H, Shimada T. Atrium 
as a source of brain natriuretic polypeptide in patients with atrial 
fibrillation. J. Card. Fail. 2000; 6: 92–96. 
34. Engelmann MD, Svendsen JH. Inflammation in the genesis 
and perpetuation of atrial fibrillation. Eur. Heart. J. 2005; 26: 
2083–2092. 
35. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, 
Rautaharju P, Kronmal RA, Tracy RP, Van Wagoner DR, Psaty 
BM, Lauer MS, Chung MK. Inflammation as a risk factor for atri-
al fibrillation. Circulation. 2003; 108: 3006–3010.


