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ARTICLE INFO ABSTRACT

Background: Biomarkers for predicting future development of atrial fibrillation (AF) have not been fully
established in general populations. The aim of this study was to assess the predictive ability of serum N-
terminal pro-B-type natriuretic peptide (NT-proBNP) for the development of AF.

Methods and results: A total of 3126 community-dwelling Japanese subjects aged > 40 years without a history of
AF in 2002 were followed up for a median of 10.2 years. Serum NT-proBNP levels at baseline were divided into
four categories (< 54, 55-124, 125-299, and > 300 pg/mL) according to the current guidelines and prior reports.
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Aiﬁofribrillation The hazard ratios for the development of AF were estimated using a Cox proportional hazards model. During the
Natriuretic peptide follow-up period, 153 subjects developed new-onset AF. The age- and sex-adjusted cumulative incidence of AF
Biomarker increased significantly with higher serum NT-proBNP levels (p < 0.001 for trend). The association remained sig-

nificant after adjustment for known risk factors for AF and cardiovascular disease (hazard ratio [95% confidence
interval]: < 54 pg/mL: 1.00 [reference]; 55-124 pg/mL: 1.72 [1.00-2.97]; 125-299 pg/mL: 3.95 [2.23-6.98]; >
300 pg/mL: 8.51 [4.48-16.17]; p < 0.001 for trend). Furthermore, incorporation of serum NT-proBNP levels
into the model consisting of known risk factors for AF and cardiovascular disease significantly improved the pre-
dictive ability for developing AF (Harrell's c-statistics: 0.828 to 0.844, p = 0.01; continuous net reclassification
improvement: 0.41, p < 0.001; integrated discrimination improvement: 0.031, p < 0.001).

Conclusions: Serum NT-proBNP levels can be a risk biomarker for predicting future development of AF in a general
Japanese population.

Prospective study

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Atrial fibrillation (AF) is one of the most common types of arrhyth-
mia and is known to be associated with increased risks of various car-
diovascular diseases, including ischemic stroke, heart failure, coronary
heart disease, and sudden cardiac death [1]. Due to the aging of popula-
tions, the incidence and prevalence of AF and mortality from AF-related
complications are expected to grow in future decades worldwide [2]. It
is considered that a large proportion of AF and its complications can be
prevented by better management of risk factors for AF and a close
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follow-up for the early detection of AF for people at higher risk of AF
[3-5]. The identification of risk factors and easily accessible biomarkers
for AF is necessary to establish a risk stratification strategy for the pre-
vention of new-onset AF in primary care practices [3].

Plasma B-type natriuretic peptide (BNP) and serum/plasma N-
terminal pro-B-type natriuretic peptide (NT-proBNP) are widely used
as diagnostic biomarkers for heart failure [6-8] and have been reported
to be predictive biomarkers for future cardiovascular events in general
populations [9-11]. A number of prospective studies have demon-
strated that elevated plasma BNP levels or serum/plasma NT-proBNP
levels were independently associated with an increased risk of future
development of AF in general populations [9,12-21]. However, all of
these investigations were performed in Western populations. To the
best of our knowledge, no observational studies have examined this
issue in general Asian populations that have different genetic and
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environmental backgrounds from Western populations [22-24]. In ad-
dition, only a limited number of studies have assessed the improvement
of the discrimination ability for the development of AF by adding plasma
BNP or serum/plasma NT-proBNP levels to the models with known risk
factors [17-21], and their conclusions have been inconsistent. The ob-
jective of the present study was to assess the association of serum NT-
proBNP levels with the development of AF and its discrimination ability
in a general Japanese population.

2. Methods
2.1. Study population

The Hisayama Study is a prospective population-based cohort study
in the town of Hisayama, located in a suburb of the Fukuoka metropol-
itan area in Japan [25,26]. Full community surveys of the residents have
been repeated since 1961. In 2002 and 2003, 3328 residents aged
40 years and older underwent a baseline screening examination (partic-
ipation rate 77.6%). After the exclusion of 30 subjects who did not con-
sent to participate in the study, 69 subjects who had AF or atrial flutter
at baseline or in the past history, 1 subject without electrocardiogram
(ECG) examination at baseline, and 4 subjects without available data
of serum NT-proBNP, the remaining 3224 individuals were eligible for
the follow-up survey. After the additional exclusion of 98 subjects for
whom there was insufficient information to determine the presence
or absence of AF during the follow-up, a total of 3126 individuals
(1331 men and 1795 women) were enrolled in the study (follow-up
rate 97.0%).

2.2. Follow-up survey

The participants were followed up prospectively from the date of the
baseline screening examination to November 2012 (median 10.2 years,
interquartile range 9.7-10.3 years). Information on new AF events has
been primarily collected at the annual health examinations in the
town via a standard 12-lead ECG and an interview by one of the study
physicians. Mail or telephone follow-ups have been used to collect
health information of subjects who did not undergo regular examina-
tions or who had moved out of town, and we asked the participants
whether they had experienced new cardiovascular events, including
stroke, coronary heart diseases, arrhythmia, and other heart diseases.
We also established a daily monitoring system among the study team,
local physicians, and the members of the town's Health and Welfare Of-
fice. In this system, the study team's physicians visited clinics, hospitals,
and the town's office regularly to collect the information of new cardio-
vascular events. When a new cardiovascular event was suspected or a
subject died, all the available medical information, including standard
12-lead ECG, ambulatory monitoring ECG, physicians' diagnosis on
medical records, and death certificates, was collected to confirm
whether the participants had experienced new-onset AF. During the
follow-up period, 471 subjects died from any cause.

2.3. Diagnosis of AF

The definition of AF included AF and atrial flutter (Minnesota code,
8-3-1 to 8-3-4). The primary outcome of this study was a newly diag-
nosed AF present at the annual health examinations, clinics, or hospitals.
All events of AF were verified by ECG findings from the annual health
examination and/or medical records of the clinic or hospital by the
study team's cardiologists.

Since it was difficult to classify AF events using a standard classifica-
tion (i.e., first diagnosed, paroxysmal, persistent, long-standing persis-
tent, and permanent AF [5]) in our study design, new-onset AF events
were classified into two subtypes. (1) Subjects were defined as having
“Definite permanent AF” if they had AF on all of the 12-lead ECGs at
the subsequent annual health examinations during the follow-up.

(2) Subjects were defined as having “Other or indefinite subtype of
AF” if they experienced sinus rhythm on ECG at least once after the
onset of AF during the follow-up, or if they did not undergo ECG exam-
inations after the AF onset during the follow-up.

24. Measurement of NT-proBNP

At baseline, blood samples were collected from an antecubital vein,
and a portion of the serum was stored at —80 °C until use for the mea-
surement of serum NT-proBNP levels in 2009. Serum NT-proBNP levels
were measured using an Elecsys proBNP Immunoassay (Roche Diagnos-
tics, Risch, Switzerland). Serum NT-proBNP levels were divided into
four categories: < 54, 55-124, 125-299, and > 300 pg/mL, according to
the current guidelines and prior reports [6-8,11,27].

2.5. Risk factor measurements

At baseline, a self-administered questionnaire regarding smoking
habits, alcohol intake, regular exercise, medical history, and treatment
of hypertension and diabetes was checked by trained interviewers.
Smoking habits and alcohol intake were classified as either current ha-
bitual use or not. Subjects engaging in sports or other exercise at least
three times a week during their leisure time were defined as the regular
exercise group. History of coronary heart disease, including myocardial
infarction, percutaneous coronary intervention, and coronary artery by-
pass surgery, was defined on the basis of all clinical data adjudicated by
available medical records [25,26]. Cardiac murmur was defined as a sys-
tolic murmur of grade 3 or louder (on a 6-point scale) or any diastolic
murmur [28]. Left ventricular hypertrophy was defined as Minnesota
Code 3-1. Arrhythmia other than AF was defined as Minnesota Code
8-1, 8-2, 8-4, 8-5, 8-6, or 8-9. Body height and weight were measured
in light clothing without shoes, and body mass index (BMI) was calcu-
lated. Sitting blood pressure was measured 3 times at the right upper
arm using an automated sphygmomanometer after 5 min of rest; an av-
erage of 3 measurements was used for the analysis. Plasma glucose
levels were measured by the hexokinase method, and diabetes was de-
fined as a fasting glucose level > 7.0 mmol/L, 2-hour postload or post-
prandial glucose level > 11.1 mmol/L, according to the 1998 World
Health Organization criteria [29], and/or the use of oral hypoglycemic
agents or insulin. Total and high-density lipoprotein (HDL) cholesterol
levels were measured using an enzymatic method. Serum creatinine
concentrations were measured enzymatically, and the estimated glo-
merular filtration rate (eGFR) was calculated using the Japanese
coefficient-modified Chronic Kidney Disease Epidemiology Collabora-
tion equation [30]. Serum high-sensitivity C-reactive protein (HS-CRP)
concentrations at baseline were measured using the frozen serum por-
tion by a modified version of the Behring Latex-Enhanced CRP assay on
a Behring Nephelometer BN-100 (Behring Diagnostics, Westwood, MA)
in 2004.

2.6. Statistical analysis

The trends in means and frequencies of risk factors across serum NT-
proBNP levels were tested using linear regression analysis and logistic
regression analysis, respectively. Serum NT-proBNP and serum HS-CRP
concentrations were transformed into logarithms due to the skewed
distribution. The crude incidence rate of AF was calculated using a
person-years method. The age- and sex-adjusted cumulative incidence
of AF across serum NT-proBNP levels was estimated on the basis of re-
gression estimates from a Cox proportional hazards model including
age and sex [31]. The hazard ratios (HRs) for the development of AF
and their 95% confidence intervals (CIs) according to serum NT-
proBNP levels were estimated using a Cox proportional hazards
model. We evaluated 3 different models: model 1, adjusted for age
and sex; model 2, adjusted for age, sex, systolic blood pressure, use of
antihypertensive agents, diabetes mellitus, serum total cholesterol,
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serum HDL cholesterol, BMI, eGFR, smoking habits, alcohol intake, reg-
ular exercise, and serum HS-CRP; and model 3, adjusted for the covari-
ates included in model 2 plus history of coronary heart disease, cardiac
murmur, left ventricular hypertrophy, and arrhythmia other than AF. In
the Cox analyses, subjects without AF events were censored at the date
of death, the date of the last follow-up survey, or November 30, 2012.
The heterogeneity in the association between the subgroups stratified
by eGFR levels was tested by adding the multiplicative interaction
term to the relevant Cox model.

The accuracy of the risk assessment for development of AF was eval-
uated by Harrell's c-statistics [32] for three statistical models: (1) a
known-risk-factor-based model (17 variables consisting of known risk
factors of AF and cardiovascular disease: age, sex, systolic blood pres-
sure, use of antihypertensive agents, diabetes mellitus, serum total cho-
lesterol, serum HDL cholesterol, BMI, eGFR, smoking habits, alcohol
intake, regular exercise, and serum HS-CRP, history of coronary heart
disease, cardiac murmur, left ventricular hypertrophy, and arrhythmia
other than AF), (2) a simple model (3 variables: age, sex, and serum
NT-proBNP levels), and (3) a full model (18 variables: the variables
from the known-risk-factor-based model plus serum NT-proBNP
levels). The consistency in the Harrell's c-statistics among the models
was estimated using an approach, as described by Newson [33]. We ad-
ditionally evaluated continuous and categorized net reclassification im-
provement (NRI) [34,35] and integrated discrimination improvement
(IDI) [35]. For these analyses, the predicted probabilities of incident AF
for 10 years were calculated for each participant using relevant Cox
models. The predicted probabilities of 10-year AF risk were classified
into three categories of less than 5%, 5-10%, and above 10% for
categorized NRI.

We also evaluated the predictive ability of serum NT-proBNP
levels for the risk of developing AF using four risk scores of AF developed
in East Asia (the CoHEST score [36], the HATCH score [37], the Hamada's
risk score [38], and the Suita risk score [39]) by Harrell's c-statistics,
continuous NRI, and IDI. The optimal cut-off value of serum
NT-proBNP for the discrimination of AF risk was determined as the
serum NT-proBNP concentration that minimizes the value

of \/ (1 —sensitivity)2 +(1 —speciﬁcity)2 in the receiver operating char-
acteristic analysis [40].

A two-sided value of p < 0.05 was considered to be statistically sig-
nificant in all analyses. All statistical analyses were performed with
the SAS statistical software program, version 9.4 (SAS Institute Inc.,
Cary, NC) and Stata version 14.0 (StataCorp, College Station, TX).

2.7. Ethical considerations

This study was conducted with the approval of the Kyushu Univer-
sity Institutional Board for Clinical Research. Written informed consent
was obtained from all subjects.

3. Results

The age- and sex-adjusted baseline characteristics of the study pop-
ulation according to serum NT-proBNP levels are summarized in
Table 1. Subjects with higher serum NT-proBNP levels were likely to
be older and to be female. The mean values of systolic blood pressure,
the geometric mean values of serum HS-CRP, and the frequencies of
the use of antihypertensive agents, history of coronary heart disease,
cardiac murmur, left ventricular hypertrophy, and arrhythmia other
than AF increased significantly with elevating serum NT-proBNP levels.
Conversely, the mean values of serum total cholesterol, BMI, and eGFR
and the frequencies of regular exercise decreased significantly with
higher serum NT-proBNP levels.

During the follow-up period, a total of 153 subjects (74 men and 79
women) developed new-onset AF: 38 events were first identified by
ECG at the annual health examinations and 115 events were first diag-
nosed by ECG at clinics or hospitals. Among the latter 115 events, 27
AF events were detected again by ECG at the subsequent health exami-
nations during the follow-up. Therefore, a total of 65 AF events were de-
tected by ECG at the annual health examination.

The age- and sex-adjusted cumulative incidences of AF increased
significantly with higher serum NT-proBNP levels (p for trend < 0.001)
(Fig. 1). Table 2 shows the hazard ratios (HRs) for the development of
AF according to the serum NT-proBNP levels. In model 1 with adjust-
ment for age and sex, higher serum NT-proBNP levels were significantly
associated with an increased risk of AF (p for trend < 0.001). The risk of
AF was significantly higher among the subjects with serum NT-proBNP

Table 1
Age- and sex-adjusted characteristics of subjects according to serum NT-proBNP levels at baseline.

Serum NT-proBNP levels (pg/mL) p for trend

<54 55-124 125-299 >300

(n = 1570) (n = 935) (n = 419) (n = 202)
Age, mean (SE), years?® 56 (0.3) 64 (0.3) 72 (0.5) 79 (0.7) <0.001
Women, %° 48.8 65.9 68.0 62.5 <0.001
Systolic BP, mean (SE), mmHg 130 (0.6) 133 (0.7) 137 (1.0) 137 (1.5) <0.001
Diastolic BP, mean (SE), mmHg 78 (0.3) 79 (0.4) 80 (0.6) 77 (0.9) 0.56
Use of antihypertensive agents, % 19.4 24.8 24.0 324 <0.001
Diabetes mellitus, % 15.8 171 19.2 129 0.93
Serum total cholesterol, mean (SE), mmol/L 5.45 (0.02) 5.17 (0.03) 5.07 (0.05) 4.82 (0.07) <0.001
Serum HDL cholesterol, mean (SE), mmol/L 1.60 (0.01) 1.64 (0.01) 1.64 (0.02) 1.61 (0.03) 0.21
BMI, mean (SE), kg/m? 23.5 (0.09) 23.0 (0.11) 22.3(0.17) 21.4 (0.25) <0.001
eGFR, mean (SE), mL/min/1.73m? 79 (0.3) 79 (0.3) 77 (0.5) 67 (0.8) <0.001
Current smoking, % 135 16.4 17.9 9.5 0.54
Current drinking, % 414 41.2 45.5 31.0 0.51
Regular exercise, % 12.1 105 8.4 5.4 0.002
Serum HS-CRP, geometric mean [95% CI], mg/L 0.52 [0.48-0.55] 0.47 [0.44-0.51] 0.63 [0.56-0.72] 0.89[0.75-1.07] <0.001
History of coronary heart disease, % 0.6 14 1.9 5.1 <0.001
Cardiac murmur, % 0.2 11 1.6 33 <0.001
Left ventricular hypertrophy, % 7.3 10.2 17.0 21.8 <0.001
Arrhythmia other than AF, % 5.1 6.8 111 9.5 <0.001

Abbreviations: AF, atrial fibrillation; BMI, body mass index; BP, blood pressure; Cl, confidence interval; eGFR, estimate glomerular filtration rate; HDL, high-density lipoprotein; HS-CRP,
high-sensitivity C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SE, standard error.

2 Age was sex-adjusted.
b Percentage of women was age-adjusted.
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Fig. 1. Age- and sex-adjusted cumulative incidence of atrial fibrillation according to serum
N-terminal pro-B-type natriuretic peptide levels.

levels of 55-124 pg/mL or greater compared to those with the lowest
serum NT-proBNP level (< 54 pg/mL) in this model. This association
remained significant after adjustment for known cardiovascular risk
factors (model 2, p for trend < 0.001), and even after additional adjust-
ment for history of coronary heart disease, cardiac murmur, left ventric-
ular hypertrophy, and arrhythmia other than AF (model 3, p for trend <
0.001). With serum NT-proBNP levels as a continuous variable, every 1-
SD increment in log-transformed serum NT-proBNP levels was associ-
ated with a 1.96-fold (95% CI = 1.60-2.41, p < 0.001) risk of incident
AF in model 3. Among 153 events of new-onset AF, 51 events were de-
fined as “definite permanent AF” and 102 events were defined as “other
or indefinite subtype”. Higher serum NT-proBNP levels were signifi-
cantly associated with both subtypes of AF (Table S1).

Then, we examined the association of serum NT-proBNP levels with
the risk of AF in the subgroups stratified by age. Higher serum NT-
proBNP levels were associated with an increased risk of AF in all age
groups from the middle-aged to the elderly (all p for trend < 0.001)
(Table S2). In addition, we performed the subgroup analysis by eGFR
levels. As a result, there was no evidence of heterogeneity in the associ-
ation of serum NT-proBNP levels with the risk of incident AF between
subgroups of eGFR levels (p for heterogeneity = 0.54) (Table S3).

We also performed five sets of sensitivity analyses for the association
between serum NT-proBNP levels and the risk of developing AF: (1) a
sensitivity analysis in which the serum NT-proBNP levels were grouped
into five categories by quintiles, instead of guideline-based categories
(Table S4); (2) a sensitivity analysis using only 65 AF events detected
by ECG at the annual health examination as an outcome (Table S5);
(3) a sensitivity analysis excluding 26 events of AF occurred during
the first 2 years of follow-up (Table S6); (4) a sensitivity analysis ex-
cluding 564 subjects with cardiac disorders (i.e., a history of coronary

Table 2
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heart disease, a history of self-reported heart diseases, cardiac murmur,
or left ventricular hypertrophy on ECG at baseline) (Table S7); and (5) a
sensitivity analysis excluding 59 subjects with serum NT-proBNP >
900 pg/mL (Table S8). These sensitivity analyses did not change the
study conclusions substantially.

We assessed the discrimination and reclassification ability of serum
NT-proBNP levels for the development of AF (Table 3). The model that
included NT-proBNP with age and sex achieved good discrimination
(Harrell's c-statistics: 0.830) comparable to that by the known-risk-
factor-based model that included 17 established risk factors for AF and
cardiovascular diseases (Harrell's c-statistics: 0.828). Furthermore,
when the serum NT-proBNP level was incorporated into the known-
risk-factor-based model, Harrell's c-statistics increased significantly
(Harrell's c-statistics: 0.844; p = 0.01 vs. the known-risk-factor-based
model). The improvement in predictive ability by adding NT-proBNP
was further confirmed (continuous NRI: 0.41 [Zyg; = 4.89, p < 0.001];
categorized NRI: 0.09 [Zyg; = 2.40, p = 0.02]; IDI: 0.031 [Zjp; = 4.51,
p <0.001]) (Table 3 and Table S9). Furthermore, the addition of serum
NT-proBNP levels into each of the four risk scores developed in East
Asian populations [36-39] also improved the predictive ability for de-
veloping AF (Table S10).

Finally, we examined the cut-off value of serum NT-proBNP concen-
tration that optimized the discriminating ability (i.e., sensitivity and
specificity) for the risk of developing AF. The optimal cut-off values of
serum NT-proBNP were 72 pg/mL in total, 60 pg/mL for men, and
82 pg/mL for women (Fig. S1).

4. Discussion
4.1. Findings/meaning

This prospective study clearly showed that the risks of developing AF
increased significantly with elevating serum NT-proBNP levels in a
community-dwelling Japanese population. In addition, incorporation
of serum NT-proBNP values into the known-risk-factor-based model
consisting of 17 variables significantly improved the predictive ability
for the development of AF. Further, the simple model consisting of
only 3 variables—namely, age, sex, and serum NT-proBNP levels—had
a discrimination ability comparable to that of the known-risk-factor-
based model. These findings highlight that the measurement of serum
NT-proBNP in clinical practices may be effective for identifying popula-
tions at high-risk for the future development of AF.

4.2. Comparison with related studies

A number of prospective cohort studies have reported that elevated
plasma BNP or serum/plasma NT-proBNP levels were independent risk
factors for the development of AF in general Western populations

Hazard ratio for the development of atrial fibrillation according to serum NT-proBNP levels, 2002 to 2012.

NT-proBNP (pg/mL) No. of events /subjects

Crude incidence
(per 10 person-years)

Hazard ratio (95% confidence interval)

Model 1° Model 2° Model 3¢
<54 24 /1570 1.6 1.00 (reference) 1.00 (reference) 1.00 (reference)
55-124 35/935 4.1 1.84 (1.07-3.16) 1.75 (1.02-3.02) 1.72 (1.00-2.97)
125-299 49 /419 14.3 4.68 (2.70-8.11) 4.17 (2.37-7.35) 3.95 (2.23-6.98)
2300 45 /202 40.8 10.98 (6.08-19.84)  9.59 (5.10-18.03)  8.51 (4.48-16.17)
p for trend <0.001 <0.001 <0.001

Every 1-SD increment in log (serum NT-proBNP levels)

2,01 (1.72-2.34) 207 (1.69-253)  1.96 (1.60-2.41)

Abbreviations: NT-proBNP, N-terminal pro-B-type natriuretic peptide; SD, standard deviation.

The SD of log-transformed serum NT-proBNP levels (pg/mL) was 1.144.
@ Model 1: adjusted for age and sex.

b Model 2: adjusted for age, sex, systolic blood pressure, use of antihypertensive agents, diabetes mellitus, serum total cholesterol, serum high-density lipoprotein cholesterol, body
mass index, estimated glomerular filtration rate, smoking habits, alcohol intake, regular exercise, and serum high-sensitivity C-reactive protein.
€ Model 3: adjusted for the covariates in model 2 + history of coronary heart disease, cardiac murmur, left ventricular hypertrophy, and arrhythmia other than atrial fibrillation.
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Table 3

Discrimination and reclassification ability of atrial fibrillation by serum NT-proBNP levels and potential risk factors, 2002 to 2012.

Harrell's p value for the difference in Harrell's c-statistics ~ Continuous NRI”  p value for continuous NRI  IDI” p value for IDI
c-statistics
Known-risk-factor-based model*  0.828 ref. ref.
Age + sex + NT-proBNP 0.830 0.79 0.05 0.56 0.005 0.63
Known-risk-factor-based model*  0.844 0.01 0.41 <0.001 0.031 <0.001

+ NT-proBNP

Abbreviations: Cl, confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improvement; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

¢ The known-risk-factor-based model: age, sex, systolic blood pressure, use of antihypertensive agents, diabetes mellitus, serum total cholesterol, serum high-density lipoprotein
cholesterol, body mass index, estimated glomerular filtration rate, smoking habits, alcohol intake, regular exercise, serum high-sensitivity C-reactive protein, history of coronary heart dis-
ease, cardiac murmur, left ventricular hypertrophy, and arrhythmia other than atrial fibrillation.

b Comparisons with the known-risk-factor-based model.

[9,12-21]. Although the Multiethnic Study of Atherosclerosis showed
that the risk of incident AF increased with elevated serum NT-proBNP
levels in Chinese Americans (American residents with Chinese ances-
try) as well as in Americans of other ancestries [16], no observational
studies have examined this issue in a general Asian population. In the
present study, we clearly confirmed a positive association between
serum NTproBNP levels and the risk of incident AF in a general Asian
population with an environmental background distinct from that of
Western populations [22-24].

Some prospective studies [17,20,21] have demonstrated that the
discrimination ability for incident AF was improved by the addition of
serum NT-proBNP levels or plasma BNP levels to a model consisting of
potential risk factors for AF. Meanwhile, in the Copenhagen Holter
Study [18] and the Heinz Nixdorf Recall Study [19], the inclusion of
serum NT-proBNP levels or plasma BNP levels did not significantly im-
prove the discrimination ability for the development of AF, probably
due to the relatively small numbers of AF events and different follow-
up methods. In the present study, we demonstrated that the discrimina-
tion ability for future onset of AF could be improved by adding serum
NT-proBNP levels to the known risk factors for AF and other cardiovas-
cular risk factors in a general Japanese population.

4.3. Possible mechanisms

The present study showed that the risk of AF was higher in subjects
with serum NT-proBNP levels of 55-124 pg/mL (i.e., subjects unlikely to
have heart failure) than in those with serum NT-proBNP levels of <
54 pg/mL, indicating that serum NT-proBNP levels could be a risk factor
for new-onset AF even in subjects without clinically apparent evidence
of cardiac dysfunction. In support of this notion, a number of longitudi-
nal studies have demonstrated that elevated serum NT-proBNP levels
are associated with increased risks of stroke, ischemic heart disease,
and heart failure, even among subjects whose NT-proBNP levels were
within the normal range or not diagnostic of heart failure [9-11]. There-
fore, these previous and our present findings suggest that the elevation
of serum NT-proBNP levels, even at clinically normal level, reflects the
accumulation of vascular risk factors [3,4,41] and subclinical impair-
ment of ventricular diastolic and systolic function [5,42], which result
in atrial remodeling, the elevation of atrial pressure, and subsequent AF.

4.4. Clinical implications and perspectives

In this study, the ability of a simple model including age, sex, and
serum NT-proBNP levels to discriminate the future onset of AF was com-
parable to that by a known-risk-factor-based model that included many
cardiovascular risk factors other than serum NT-proBNP levels. There-
fore, the measurement of serum NT-proBNP levels at a health check-
up or in a primary care setting may be useful to identify subjects at
higher risk of incident AF without the need to gather more detailed clin-
ical information [21,24]. Furthermore, adding serum NT-proBNP levels
to the known-risk-factor-based model improved the accuracy of the

risk assessment for the future onset of AF, likely suggesting that the
combination of serum NT-proBNP with detailed clinical information
would enable an even more accurate determination of the high-risk
population for AF. The early management of established risk factors
for AF, such as hypertension, may reduce the risk of developing AF for
subjects with elevated serum NT-proBNP levels in particular [43]. In ad-
dition, the measurement of serum NT-proBNP may be useful for the
early detection of AF, because a considerable proportion of patients
with AF are undiagnosed [44] since AF can be minimally symptomatic
or clinically silent [45]. A close follow-up or screening for AF using
12-lead ECG or ambulatory monitoring ECG for subjects with elevated
serum NT-proBNP levels may allow earlier detection of AF [46,47] and
may result in the prevention of AF-related complications such as cardio-
embolic stroke by optimal treatment including anticoagulation therapy
[5]. Since we observed significant association between serum NT-
proBNP levels and the risk of AF in all subgroups stratified by age, the
measurement of serum NT-proBNP concentrations may be useful for
identifying high-risk individuals even in the middle-aged population
as well as in the elderly.

In the present study, the optimal cut-off values of serum NT-proBNP
concentration were determined as 60 pg/mL for men and 82 pg/mL for
women, suggesting that men should have lower cut-off values of serum
NT-proBNP than women. However, it is unclear whether these statisti-
cally determined cut-off values would be reasonable in a clinical prac-
tice setting. Further investigations will be needed to elucidate a
clinically useful and reasonable cut-off value of serum NT-proBNP for
the risk assessment of AF in consideration of public health and cost
effectiveness.

4.5. Strengths and limitations

The strengths of our study include its community-based prospective
cohort study design, the high participation rate in the baseline examina-
tion, the high follow-up rate, and the accurate diagnosis of AF based on
the medical records and ECG. However, several limitations should be
noted. First, our findings were based on a single measurement of
serum NT-proBNP levels at baseline. During the follow-up, the serum
NT-proBNP levels and other risk factors may have changed. This could
have weakened the association observed in this study, biasing the re-
sults toward the null hypothesis. Second, our follow-up survey was pri-
marily dependent on a standard 12-lead ECG at the annual health
examinations. The long-term ECG recordings, a more effective tool for
the detection of AF, were performed only at clinics or hospitals as re-
quired. The observed associations might have been affected by detec-
tion bias, because participants with higher serum NT-proBNP levels at
baseline were likely to have other cardiovascular risk factors or cardio-
vascular events during the follow-up period [48]. The subjects with
higher serum NT-proBNP levels might visit clinics or hospitals more fre-
quently and thus might have a greater chance of being diagnosed with
AF by standard or long-term ECG examinations compared to the sub-
jects with lower serum NT-proBNP levels. However, the association
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between serum NT-proBNP levels and incident AF was substantially un-
changed even in the sensitivity analysis using only AF events detected
by ECG at the annual health examinations (Table S5), suggesting that
such bias would not have substantially distorted our results. Third, al-
though the subjects with a history of AF were excluded from the present
study, we cannot deny the possibility of the presence of a history of par-
oxysmal AF, which would not have been detected by ECG at baseline.
However, when we performed a sensitivity analysis excluding AF events
occurred during the first 2 years of the follow-up period (Table S6), the
findings were not substantially changed. Fourth, we did not have any
data on morphological or functional cardiac information, such as echo-
cardiography, at baseline. However, the sensitivity analysis after exclud-
ing subjects with a history of coronary heart disease, a history of self-
reported heart diseases, cardiac murmur, or left ventricular hypertro-
phy on ECG did not change the study conclusion substantially
(Table S7). Fifth, although the participation rate of the present study
was very high (77.6% of the Hisayama residents aged > 40 years),
22.4% of the residents did not participate in the baseline examination.
The non-participants were likely to be less healthy and to have poorer
sociodemographic profiles than the participants. However, it is gener-
ally recognized that an acceptable participation rate in a population-
based study (i.e., a rate that practically eliminates the threat of selection
bias attributable to non-participants) is > 70% of the target population
[49,50]. Therefore, we considered that the impact of selection bias was
modest. Finally, residual confounding factors (e.g., undiagnosed cardio-
vascular risk factors, sleep apnea) might exist on the association of
serum NT-proBNP levels with the risk of AF. For example, the subjects
with higher serum NT-proBNP levels were likely to have more undiag-
nosed cardiovascular risk factors than those with normal levels [48].
However, a sensitivity analysis excluding the subjects with serum NT-
proBNP > 900 pg/mL did not change the study conclusion substantially
(Table S8).

5. Conclusions

The present study revealed a significant association between in-
creased serum NT-proBNP levels and the development of AF in a general
Japanese population. In addition, the risk discrimination of AF was sig-
nificantly improved by the addition of serum NT-proBNP levels to the
model consisting of known risk factors for AF and cardiovascular dis-
ease. These findings suggest that serum NT-proBNP is a novel biomarker
for risk stratification to estimate a future risk of developing AF in a pri-
mary care setting. Further studies are needed to clarify the efficacy and
effectiveness of risk stratifications using serum NT-proBNP levels for the
prevention of incident AF and AF-related complications.
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