
N-terminal pro B-type natriuretic peptide
levels predict newly detected atrial
fibrillation in a population-based cohort

Background. B-type natriuretic peptide (BNP) is
secreted from cardiomyocytes and may reflect
haemodynamic abnormalities predisposing to atrial
fibrillation (AF). We aimed to investigate whether
N-terminal pro BNP (NT-proBNP) is associated
with newly detected AF in subjects obtained from
the general population. 
Methods. From the PREVEND programme
(n=8592), we selected all subjects with an available
baseline and four-year electrocardiogram and NT-
proBNP levels at baseline. We excluded subjects
with AF at baseline and subjects with a serum
creatinine >2.0 mg/dl. 
Results. In total, 6494 subjects were eligible for
the prospective analysis (aged 49±12 years, 49.7%
men). At four years, AF was detected in 41 (0.6%)
subjects. Median NT-proBNP levels at baseline in
subjects with newly detected AF after four years
was 62.2 (22.6 to 208.5) pg/ml as compared with
35.7 (15.9 to 68.7) pg/ml in those with sinus
rhythm (p=0.001). Each 1 standard deviation

increment in natural log transformed NT-proBNP
was associated with a 54% (5% to 126%, p=0.028)
increase in risk for AF after adjustment for other
risk factors predisposing to AF. NT-proBNP levels
above the sex-specific 80th percentile (97 pg/ml
in women and 60 pg/ml in men) were associated
with a multivariate odds ratio of 2.65 (1.22 to
5.76, p=0.01) for the occurrence of AF. 
Conclusion. Plasma levels of NT-proBNP predict
newly detected AF in subjects obtained from the
general population independent of cardiovascular
risk factors predisposing to AF. (Neth Heart J
2008;16:73-8.)
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A trial fibrillation (AF) is the most common sustained
arrhythmia in clinical practice and is associated

with an increase in total and cardiovascular mortality,
as well as cardiovascular morbidity, including stroke and
heart failure.1 Traditional risk factors for the develop-
ment of AF are higher age, male sex, hypertension,
diabetes, an enlarged left atrial volume, and a history
of myocardial infarction, valvular heart disease, or
congestive heart failure.2,3 Recently, the presence of
systemic inflammation determined by C-reactive
protein (CRP) has also been associated with the
presence of AF and has been identified as predictor
for future AF.4,5 Atrial biopsies in patients with AF
demonstrated evidence of inflammation in patients
with lone AF, which suggest a cause-effect relationship
between inflammation and AF.6 Another potential
mechanism related to the development of AF may be
the presence of left ventricular diastolic dysfunction.
Tsang et al. found that diastolic dysfunction assessed
by echocardiography was associated with an increased
risk for AF potentially mediated through an increase
in atrial pressure and atrial stretch.7

In this regard, N-terminal pro B-type natriuretic
peptide (NT-proBNP) may also be associated with
future AF as NT-proBNP is secreted from cardio-
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myocytes, reflects haemodynamic alterations and is
increased in symptomatic and asymptomatic patients
with mild left ventricular dysfunction.8 In addition,
NT-proBNP has been cross-sectionally associated with
AF in patients who had underlying hypertension,
coronary heart disease,9 or chronic heart failure,10 and
even in subjects with lone AF.11 Furthermore, plasma
levels of BNP have been shown to predict recurrence
of AF in patients with mild heart failure12 and post-
operative AF in patients undergoing cardiac surgery.13

One study, the Framingham Offspring study, dem-
onstrated an increased risk for AF in subjects from a
community-based cohort with higher BNP levels at
baseline.14 These results suggest that BNP levels may
identify subjects at increased risk for AF at an early
stage. A second study is necessary to confirm this
finding and additional adjustment for other potential
markers (such as CRP) is also needed. Therefore, we
aimed to investigate whether NT-proBNP levels are
associated with newly detected AF in subjects obtained
from the general population.

Methods

Study population
The population analysed in this study was obtained
from the PREVEND study.15 The PREVEND (Pre-
vention of Renal and Vascular Endstage Disease) study
was designed to investigate the natural course of micro-
albuminuria and its relation with renal and cardio-
vascular disease in the general population as previously
described.16 In summary, all inhabitants of the city of
Groningen (the Netherlands) between the age of 28
and 75 years (n=85,421) were asked to send in a
morning urine sample and to fill in a short questionnaire
on demographics and cardiovascular medical history.
A total of 40,856 subjects responded. All subjects with
a urinary albumin concentration ≥10 mg l–1 (n=7768)
and a randomly selected sample of subjects with a
urinary albumin concentration <10 mg l–1 (n=3395)
were invited to make two visits to an outpatient clinic.
After exclusion of subjects with type 1 diabetes mellitus,
females who were possibly pregnant, and females and
males not able or willing to participate, a total of 6000
subjects with a urinary albumin concentration ≥10 mg
l–1 and a random control sample of subjects with a
urinary albumin concentration <10 mg l–1 (n=2592)
completed the screening protocol and formed the
baseline PREVEND cohort (n=8592). From this
cohort, we excluded subjects without a baseline and
four-year follow-up electrocardiogram (n=1849) and
NT-proBNP (n=152) levels at baseline. In addition,
we excluded subjects with AF at baseline (n=65),
subjects with a serum creatinine of more than 2.0
mg/dl (n=9), and subjects with a natural log trans-
formed NT-proBNP more than 3 standard deviations
from the mean to minimise the effects of outliers in
the analyses (n=23). In total, 6494 subjects were thus
eligible for the current analysis. All participants gave

written informed consent. The PREVEND study was
approved by the local medical ethics committee and
conducted in accordance with the guidelines of the
Helsinki declaration. 

Electrocardiography
Standard 12-lead electrocardiograms were recorded
using the computer programme MEANS (Modular
ECG Analysis System),17 and AF was defined according
to Minnesota codes 8.3.1 and 8.3.3. Ischaemic heart
disease was defined as self-reported myocardial in-
farction with hospitalisation or as Minnesota codes
1.1–2, 4.1–2, or 5.1–2. The presence of left ventricular
hypertrophy (LVH) was identified using the Cornell
voltage x QRS duration product: (R amplitude at aVL
on the ECG + S amplitude at V3 on the ECG) x QRS
duration in men and (RaVL+SV3+6 mm) x QRS
duration in women. A threshold of 2440 mm x msec
was used to identify LVH.18

Laboratory measurements
N-terminal pro-BNP was measured using an electro-
chemiluminiscence immunoassay ‘ECLIA’ on an
Elecsys 2010 analyser (Roche Diagnostics, Mannheim,
Germany). Measuring range of NT-proBNP is 5 to
35,000 pg/ml. Values below the detection limit are
reported as <5 pg/ml. The urinary albumin excretion
rate was measured as the mean of two 24-hour urine
collections, and urinary albumin concentrations were
determined by nephelometry with a threshold of 2.3
mg l–1 and intra- and inter-assay coefficients of variation
of less than 2.2 and 2.6%, respectively (Dade Behring
Diagnostic, Marburg, Germany). High-sensitive CRP
was also determined by nephelometry with a threshold
of 0.175 mg l–1 and intra- and inter-assay coefficients
of less than 4.4 and 5.7%, respectively (BNII N, Dade
Behring). CRP levels below the detection level were
scored as 0.18 mg l–1. Plasma glucose, serum
cholesterol, and serum and urinary creatinine were
determined by Kodak Ektachem dry chemistry
(Eastman Kodak, Rochester, NY, USA). HDL chol-
esterol was measured with a homogeneous method
(direct HDL, no. 7D67, AEROSET System; Abbott
Laboratories).

Risk factor definition
Blood pressure was measured during two visits using
the automated blood pressuremeasurements after ten
minutes of supine rest with a DinamapXL Model 9300
device (Johnson & Johnson Medical, Tampa, Florida,
US). The last two blood pressure values of both visits
were averaged. Hypertension was defined as a systolic
blood pressure ≥140 mmHg or a diastolic blood pres-
sure ≥90 mmHg or the use of antihypertensive medi-
cation. Hypercholesterolaemia was defined as a total
serum cholesterol level of ≥6.5 mmol/l (251 mg/dl)
or the use of lipid-lowering therapy. Diabetes was
defined as a fasting plasma glucose level >7.0 mmol/l
or a non-fasting plasma glucose level >11.1 mmol/l or
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the use of antidiabetic medication. Smoking was
categorised as no smoking, or smoking (current or
stopped <1 year ago).

Statistical analysis
Continuous data are reported as mean ± standard
deviation or median (interquartile range) if the data
was skewed. Categorical data are presented as per
group percentages. Differences between subgroups
were evaluated by Student’s t-test for the normally
distributed continuous variables, or with the Mann-
Whitney test if data were skewed. Differences in
categorical data were comparedwith the χ2 test. 

The following cardiovascular risk factors predis-
posing to AF were included in the multivariate logistic
regression analyses: age, sex, presence of left ventricular
hypertrophy, ischaemic heart disease, hypertension,
hypercholesterolaemia, HDL cholesterol, CRP, serum
creatinine level, and urinary albumin excretion.

The relationship between the presence of AF on
the electrocardiogram after four years and baseline

predictors was assessed by use of logistic regression
modelling. For regression modelling, NT-proBNP was
inserted both continuously after natural logarithmic
transformation and categorically (above and below sex-
specific 80th percentile values). A p value of <0.05 was
considered statistically significant. All above-mentioned
calculations were performed with SPSS version 12.0.1
software (SPSS, Chicago, Illinois, US).

Results
In total, 6494 subjects were eligible for the prospective
analysis (age 49±12 years, 50.4% women). At four
years, AF was detected in 41 (0.6%) subjects who had
no AF at baseline. The clinical characteristics of subjects
with sinus rhythm throughout and newly detected AF
are shown in table 1. Subjects with newly detected AF
were older, predominantly male, had a higher pre-
valence of LVH on the electrocardiogram, ischaemic
heart disease, hypertension, hypercholesterolaemia,
and higher levels of urinary albumin excretion and
serum creatinine compared with controls. NT-proBNP
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Table 1. Baseline characteristics divided subjects with sinus rhythm (SR) throughout and newly detected atrial fibrillation (AF). 

SR (n=6453) AF (n=41) P value

Age (years) 49.0±12 58.0±13 <0.001
Male (%) 49.5 70.7 0.007
Caucasian (%) 96.0 100.0 0.634
Body mass index (kg/m2) 26.0±4.1 27.0±4.8 0.139
Current smoking (%) 36.3 31.7 0.544
Left ventricular hypertrophy (%) 10.2 22.5 0.011
Ischaemic heart disease (%) 16.3 39.0 <0.001
Systolic blood pressure (mmHg) 128±19 141±28 0.006
Diastolic blood pressure (mmHg) 74±10 76±11 0.105
Hypertension (%) 32.7 63.4 <0.001
Diabetes mellitus (%) 3.5 2.4 0.708
Total cholesterol (mmol/l) 5.6±1.1 6.0±1.2 0.029
HDL cholesterol (mmol/l) 1.3±0.4 1.2±0.4 0.057
Hypercholesterolaemia (%) 26.0 42.5 0.018
Creatinine (µmol//) 82 (74-91) 87 (78-99) 0.014
C-reactive protein (mg/l) 1.20 (0.54-2.80) 1.61 (0.71-3.66) 0.131
Urinary albumin excretion (mg/l) 9.03 (6.21-15.78) 12.79 (6.93-24.49) 0.015

Data shown as percentages for categorical variables and mean ± standard deviation for continuous variables. HDL cholesterol, creatinine, C-reactive protein, and 
urinary albumin excretion are expressed as median (interquartile range).

Table 2. Levels of NT-proBNP among subjects with sinus rhythm (SR) throughout and newly detected atrial fibrillation (AF). Results
expressed as median (interquartile range) or as percentage above sex-specific 80th percentile of NT-proBNP (97 pg/ml in women
and 60 pg/ml in men).

SR (n=6453) AF (n=41) P value

NT-proBNP (pg/ml) 35.7 (15.9-68.7) 62.2 (22.6-208.5) 0.001
% above sex-specific 80th percentile NT-proBNP 19.8 % (1276/6453) 53.7 % (22/41) <0.001
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levels at baseline were substantially higher in subjects
who developed AF compared with subjects with sinus
rhythm throughout at follow-up (table 2). Using
logistic regression analysis, natural log transformed
NT-proBNP levels were significantly associated with
AF, even after adjustment for cardiovascular risk factors
associated with AF (table 3). Similar results were found
when investigating the cross-sectional relation between
NT-proBNP per standard deviation and AF at start
study (unadjusted odds ratio 2.92 (2.50-3.4), p<0.001).
This association remained significant after adjustment
for cardiovascular risk factors (2.76 (2.24-3.41),
p<0.001).

A significant difference was found in NT-proBNP levels
between women and men (median [interquartile
range] NT-proBNP was 49.9 [27.9-84.1] pg/ml for
women vs. 22.6 [9.6-49.2] pg/ml for men, p<0.001).
Using a sex-specific 80th percentile cut-off value for

NT-proBNP gave similar results as using NT-proBNP
as continuous variable (table 3). 

Furthermore, a significant interaction was present
between the presence of LVH on the electro-
cardiogram and NT-proBNP levels on the odds for
AF (figure 1, p=0.007). Even though the association
between NT-proBNP levels and AF was much greater
in subjects with LVH (odds ratio 12.63 (5.63-28.31),
p<0.001), NT-proBNP levels above the sex-specific
80th percentile cut-off value remained significantly
associated with AF in subjects without LVH (odds
ratio 2.70 (1.31-5.57), p=0.007). In addition, a similar
interaction was present between hypertension and NT-
proBNP levels on the odds for AF (p=0.019). As
expected, hypertension was strongly associated with
the presence of LVH (odds ratio 2.20 (1.87-2.59),
p<0.001). The interaction between LVH and NT-
proBNP remained significant after adjusting for the
presence of hypertension (p=0.011). Interestingly,
subjects with hypertension and LVH at baseline who
developed AF had significantly higher NT-proBNP
levels than subjects with hypertension and LVH who
did not have AF at follow-up (208.5 pg/ml vs. 52.5
pg/ml, p<0.001).

Discussion
In this population-based study, NT-proBNP levels
predict newly detected AF after four years of follow-
up and this association was independent of other
established risk factors for AF, such as higher age, male
gender, hypertension, and presence of left ventricular
hypertrophy. In addition, a similar association was
found between NT-proBNP levels and AF on the
electrocardiogram at baseline.

The relation between NT-proBNP and AF is
potentially confounded by factors such as sex, age and
structural cardiac abnormalities predisposing to the
risk of AF. The present data confirm the observation
of prior studies that NT-proBNP levels are higher in
women compared with men,19,20 but the relation
between NT-proBNP and AF remained highly signifi-
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Table 3. Odds ratios for atrial fibrillation after four years in subjects without atrial fibrillation at baseline. 

Odds ratio (95% CI) P value
NT-proBNP (pg/ml) per SD
Model 1 1.94 (1.41-2.68) <0.001
Model 2 1.69 (1.20-2.38) 0.003
Model 3 1.54 (1.05-2.26) 0.028
% Above sex-specific 80th percentile NT-proBNP
Model 1 4.70 (2.54-8.71) <0.001
Model 2 2.93 (1.47-5.82) 0.002
Model 3 2.65 (1.22-5.76) 0.014

Given the skewed distribution, NT-proBNP was natural log transformed and the odds per standard deviation (SD) increment are presented next to the odds for atrial
fibrillation when NT-proBNP levels are above the sex-specific 80th percentile (97 pg/ml in women and 60 pg/ml in men). Model 1: Crude odds ratio. Model 2: Ad-
justed for age and sex. Model 3: Adjusted for age, sex, presence of left ventricular hypertrophy, ischaemic heart disease, hypertension, hypercholesterolaemia, 
HDL cholesterol, C-reactive protein levels, serum creatinine levels, and urinary albumin excretion.
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Figure 1. Interaction between N-terminal B-type natriuretic
peptide (NT-proBNP) and left ventricular hypertrophy (LVH) on
the odds for atrial fibrillation.
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cant when using sex-specific cut-off values. Age was
next to NT-proBNP levels the strongest predictor of
AF in this population-based population. The associ-
ation between NT-proBNP and AF was still highly
significant after adjustment for age, but the odds ratio
decreased substantially indicating that age is indeed a
strong confounding factor in the relation between NT-
proBNP and AF. These results confirm data from prior
reports demonstrating a strong relation between NT-
proBNP levels and ageing.19

Interestingly, a significant interaction was found
between NT-proBNP levels and LVH on the risk for
AF. These data suggest that subjects with haemo-
dynamic abnormalities and structural abnormalities
have the highest risk for developing AF. Subjects with-
out structural abnormalities, but with haemodynamic
alterations as assessed with NT-proBNP are also at
increased risk for AF; however, this association is less
pronounced.

Adjustment for other potential confounding factors
such as inflammation measured by CRP, renal function,
and vascular abnormalities as assessed by urinary
albumin excretion did not change the results sub-
stantially. These data confirm the findings from the
Framingham Offspring Study14 after additional adjust-
ment for novel markers (e.g. CRP). 

A likely explanation for the observed independent
association between NT-proBNP and AF might be
the presence of increased cardiac filling pressures
through subclinical cardiac abnormalities such as atrial
enlargement, cardiac fibrosis, hypertrophy, and systolic
and diastolic dysfunction.21 All these factors are related
to elevated levels of NT-proBNP and could potentially
cause or mediate AF. Recently, Tsang et al. found a
strong association between diastolic filling abnormal-
ities and the development of AF in elderly men and
women.7 Diastolic relaxation abnormalities may lead to
increased atrial pressures during diastole, which in turn
may result in a larger left atrial volume, which is strongly
related to the development of AF. Supporting this
concept, the stretching of the atrial wall may increase
the level of atrial natriuretic factor, which is also predictive
for AF.22 Even asymptomatic subjects from the general
population with mild left ventricular systolic dysfunction
have increased BNP levels.20 In addition, the beneficial
effects of ACE inhibition on incident AF possibly
through favourable modification of the remodelling
processes in patients with heart failure support this
relation between structural abnormalities and AF.23

Elevated levels of NT-proBNP might also be
related to AF itself.24 A previous study demonstrated
an acute decrease in BNP levels after sinus rhythm
restoration without any differences in echocardiographic
parameters.25 The same phenomenon was found in
patients with normal left ventricular function and
absence of clinical heart failure.9 These results suggest
that AF itself may cause an increase in BNP levels and
needs to be taken into account when interpreting BNP
values in cardiac patients with AF. In PREVEND,

blood was drawn on the same day as the electro-
cardiogram was recorded. In our prospective analyses,
we excluded subjects with AF at baseline and it is
therefore unlikely that the observed increase of NT-
proBNP in subjects with incident AF was caused by the
AF itself.

Struthers et al. suggested that NT-proBNP might
be used in diabetics as prescreening test for left
ventricular dysfunction and that subjects with diabetes
and an elevated NT-proBNP may need to be referred
for an echocardiogram to evaluate cardiac function.26

In addition, Nielsen et al. showed that selection for
echocardiography based on BNP is more cost-effective
than referring all subjects for an echocardiogram.27

Next to screening for left ventricular dysfunction, BNP
measurements may also identify subjects at high risk for
developing AF probably through haemodynamic
alterations and structural cardiac abnormalities such as
left atrial enlargement. Early therapy targeted at
remodelling such as ACE inhibition might prevent
heart failure in diabetic subjects, but also incident AF
as shown in Val-HeFT and SOLVD.23,28 Future studies
are needed to investigate whether BNP measurements
in high-risk subjects such as diabetics and hypertensive
patients to detect haemodynamic alterations at an early
stage might be useful to prevent remodelling and
adverse complications including AF. 

In this large cohort study, no information was
obtained about several known predictors of AF, e.g.,
hyperthyroidism, history of infection, valve disorders
and echocardiographic features such as markers of
diastolic dysfunction. In addition, a relatively small
number of subjects developed AF during four years
and a survivor bias most likely occurred. Routine
measurement of BNP levels to solely predict new onset
AF in subjects from the general population should not
be recommended considering the low incidence of AF
and low sensitivity. The type of AF (paroxysmal or
persistent) could not be determined either, because
one standard 12-lead electrocardiogram was taken
which took two minutes. Next to NT-proBNP, atrial
natriuretic peptide and N-terminal atrial natriuretic
peptide might also be important biomarkers for AF.29

However, strong points of this study are the large size
of the population, the computerised ECG analysis
thereby avoiding intra- and inter-observer bias, and
the measurement of novel biomarkers such as CRP. 

In summary, NT-proBNP levels predicted newly
detected AF in subjects obtained from the general
population. This relation was independent of cardio-
vascular risk factors predisposing to AF. In addition, a
significant interaction was found between the presence
of LVH and NT-proBNP levels on the risk for AF.
Subjects with LVH and an increased NT-proBNP level
had a significantly higher risk of AF. 
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