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Objective: While persons in the upper fourth or fifth of the distribution of serum levels of 
N-terminal pro-B type natriuretic peptide (NT-proBNP) are at a sharply increased risk of 
developing atrial fibrillation, their absolute risk of this condition (about 20 per 1000 per year) 
is not clearly high enough to justify prevention or early detection measures. We sought to 
determine whether the incidence of atrial fibrillation among persons with VERY high levels 
of NT-proBNP might be sufficiently high to warrant further action.
Design and Setting: Among persons enrolled in the Multi-Ethnic Study of Atherosclerosis, 
we documented rates of new onset atrial fibrillation in those with increasingly high serum 
levels of NT-proBNP.
Results: There was a monotonic increase in the incidence of atrial fibrillation with increas-
ing serum level of NT-proBNP, reaching rates of about 50–70 cases per 1000 person-years 
among those in the upper 3.1% of the distribution (above 422 pg/mL). In this group the 
incidence tended to be somewhat higher still among persons who were at increased risk of 
atrial fibrillation for other reasons (eg older age), but in no subgroup did the incidence reach 
100 per 1000 person-years.
Conclusion: Serum levels of NT-proBNP have a considerable ability to predict the devel-
opment of atrial fibrillation. However, the value of screening middle aged and older adults 
for these levels hinges largely on the ability of interventions in screen-positive people to lead 
to a reduced incidence of atrial fibrillation and its complications.
Keywords: atrial fibrillation, NT-proBNP

Introduction
Atrial fibrillation (AF) is a commonly occurring condition. While the presence of 
this arrhythmia produces diminished cardiac output and can give rise to a variety of 
symptoms, many people with AF are unaware of its presence. Whether sympto-
matic or not, the impaired contraction of the atria that is a feature of AF is 
associated with an increased risk of cardiac thrombosis and arterial embolism.1 

When a person’s AF is recognized, he/she can be treated in an attempt to restore 
sinus rhythm, and/or with anticoagulant medication.

Screening for AF takes place by providers of healthcare when they check 
a patient’s pulse for rate and regularity. However, many persons seek health care 
only occasionally, and even those who have regular checkups can go up to one year 
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or more without their pulse being examined. If persons at 
unusually high risk of developing AF could be identified, 
more frequent pulse measurements (by a healthcare provi-
der or the patient him/herself) would have the potential to 
lead to earlier treatment of AF, and therefore a reduction in 
the risk of untoward consequences of cardiac emboli, 
especially embolic stroke.

The prevalence of AF is strongly related to age, and 
also is modestly increased among men, whites, and per-
sons with elevated blood pressure.2 AF prevalence also is 
increased among persons with relatively high serum levels 
of natriuretic peptides, substances produced in the heart 
and released into the circulation in response to volume 
overload. An increased level of one of these peptides, 
N-terminal pro-B-type natriuretic peptide (NT-proBNP), 
has been associated with a monotonic increase in AF 
risk, even after adjusting for demographic, anthropometric 
and clinical characteristics.2–8

Despite its strong association with the occurrence of 
AF, the predictive value of an elevated serum level of NT- 
proBNP is not high: typically, the incidence of AF among 
participants in the highest fourth or fifth of the distribution 
has been only about 20 per 1000 person-years.2,3 However, 
it is possible that AF incidence is much higher in persons 
with a VERY high level of NT-proBNP (eg persons in the 
highest tenth of the distribution). Also, AF rates could be 
particularly high in demographic, anthropometric, or clini-
cally-defined subgroups of persons with a very high serum 
level of NT-proBNP.

Using data gathered in the Multi-Ethnic Study of 
Atherosclerosis (MESA), we sought to determine if there 
are some persons with an elevated serum level of NT- 
proBNP in whom there is a high enough risk of developing 
AF so that cardiac rhythm screening and augmented 
patient education might be justified – and possibly in 
whom measures to prevent the development of AF could 
be undertaken.

Methods
The MESA takes place in six locations of the United 
States: Baltimore city and Baltimore County, Maryland; 
Chicago, Illinois; Forsyth County, North Carolina; Los 
Angeles County, California; Northern Manhattan and the 
Bronx, New York; and St. Paul, Minnesota. From July, 
2000 to August, 2002, the participating institutions 
recruited residents of these communities ages 45–84 
years who were white, African-American, Hispanic, or 
Chinese. Persons eligible to take part were free of 

clinically apparent cardiovascular disease. All participants 
gave informed consent. The study was approved by the 
committees on human subjects at the investigators’ institu-
tions. Details regarding the means of recruitment have 
previously been published.9

At the time of enrollment in the study, a baseline exam 
was done, which included the assessment of anthropo-
metric characteristics and other exposures and character-
istics potentially relevant to the occurrence of 
cardiovascular disease (eg smoking). NT-proBNP levels 
were measured in serum samples that had been obtained 
from participants at baseline and again at about 3 and 
about 10 years into the follow-up period (and then stored 
at −70 degrees C). Measurements (described in greater 
detail elsewhere2) were performed at the University of 
California, San Diego (at baseline and 3-year follow-up), 
the University of Maryland (3-year follow-up), and the 
Laboratory for Clinical Biochemistry Research, 
University of Vermont (at 10-year follow-up) using the 
Roche ElecSys immunoassay (Roche Diagnostics, 
Indianapolis, IN).

Information on demographics, smoking, and medica-
tions were collected via questionnaire at the initial exam-
ination. Height and weight were measured with 
participants wearing light clothing and no shoes. Body 
mass index (BMI) was calculated as weight in kilograms 
divided by height in meters squared. Resting blood pres-
sure was measured three times in the seated position, and 
the average of the last two measurements was used in 
analysis. Hypertension was defined as diastolic blood pres-
sure ≥90mmHg, systolic blood pressure ≥140mmHg, or 
use of antihypertensive medications. Persons were cate-
gorized as having diabetes if their fasting blood glucose 
concentration exceeded 125 mg/dl or if they were taking 
a medication used to treat diabetes. Current smoking was 
defined as answering “yes” to the question, “Have you 
smoked cigarettes during the last 30 days?” For those 
answering “no”, former smoking was defined as answering 
“yes” to the question, “Have you smoked at least 100 
cigarettes in your lifetime?” Physical activity was assessed 
using a detailed, semi-quantitative instrument.9 At the 
baseline exam, MESA participants also underwent 12- 
lead electrocardiography, carotid ultrasonography, and car-
diac magnetic resonance imaging,9,10 as well as 
a measurement of coronary artery calcium by CT.11

In this cohort study, incident AF during follow-up was 
identified (a) through MESA event surveillance, (b) for 
participants age 65 years or older and enrolled in fee-for- 
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service Medicare, from inpatient and outpatient Medicare 
claims data, and (c) from a 12-lead electrocardiogram 
(ECG) completed during the 2010–2012 study exam. As 
part of MESA event surveillance, a telephone interviewer 
contacted each participant or a proxy every 9–12 months 
to ask about hospital admissions that had taken place since 
the prior phone call. MESA investigators requested copies 
of medical records, from which discharge diagnosis and 
procedure codes were abstracted. (The MESA surveillance 
phone calls also identified deaths that occurred among 
cohort participants. Mortality ascertainment was augmen-
ted by annual searches of the National Death Index.) AF 
was considered to be present in the hospitalization data or 
Medicare claims data if an International Classification of 
Diseases, Ninth Revision diagnosis code 427.31 or 427.32 
was present. AF diagnoses associated with open cardiac 
surgery were excluded. If the first AF claim occurred 
before the baseline MESA examination, the participant 
was considered to have prevalent AF and thus was 
excluded from the analysis. Participants contributed to 
the person-time denominator on which incidence rates 
were based until they were diagnosed with AF, or until 
they died. The incidence of AF was ascertained through 
the end of 2014, resulting in a median duration of follow- 
up of 12.2 years.

A prior study of the incidence of AF in MESA 
participants,2 with a median of 7.6 years of follow-up, 
observed a particularly high rate among those in the 
upper fourth of the serum NT-proBNP distribution. 
Therefore, we focused our analysis on this group, first 
splitting them further into approximate additional fourths 
based on level, and then splitting the highest of these (the 
upper 6.3%) into yet four more groups. Based on an 
examination of these incidence rates, we chose to assess 
the additional contribution of other risk factors for AF on 
the incidence of AF among persons in the upper 3.1% 
(>422 pg/mL) of the serum NT-proBNP distribution. The 
“other” factors included in our analysis were those which 
among MESA cohort members bore the strongest indepen-
dent relation to AF incidence.

The rates we calculated are based on the participant’s 
most recently measured level of serum NT-proBNP. As 
a result, during the course of follow-up a given person 
could contribute to the numerator and denominator of the 
incidence rate of different serum NT-proBNP categories. 
Similarly, if at the beginning of a given follow-up interval 
a person’s level of NT-proBNP was below the threshold 
required to enter a particular analysis (or was not 

measured), during that interval the person’s experience 
was not considered.

Results
Of the 6814 participants enrolled in MESA, 94 did not have 
their serum level of NT-proBNP measured, and an addi-
tional 24 were not followed for cardiac events after their 
baseline visit. Among the remainder of the participants, 
2458 (top 25%) had at least one value of serum NT- 
proBNP of 133 pg/mL or greater. The baseline character-
istics of the study population, according to highest level of 
NT-proBNP at any time point prior to the diagnosis of AF, 
are presented in Table 1. Persons with high levels of NT- 
proBNP tended to be older than persons with lower levels, 
and a higher proportion of them had hypertension and 
calcium in their coronary arteries.

There was a monotonic increase in AF incidence with 
increasing serum level of NT-proBNP (Table 2, Figure 1), the 
rate rising from 17.3 per 1000 person-years for participants 
whose level was 133–162.7 pg/mL to 45.1 per 1000 person- 
years in those whose level exceeded 303.7 pg/mL. When the 
latter group was further divided into approximate fourths 
based on level of NT-proBNP there was a further monotonic 
rise, the incidence being 52.3 and 66.7 per 1000 person-years 
associated with levels of 422.1–631.4 and >631.4 pg/mL, 
respectively. Similar results were obtained when analyses 
were based only on the participants’ levels of NT-proBNP 
obtained at the baseline exam.

In Table 3, we present the incidence of AF in persons 
whose serum level of NT-proBNP exceeded 422.0 pg/mL 
according to characteristics and exposures that themselves 
have a bearing on the incidence of AF. In these persons 
with very high serum levels of NT-proBNP there was 
some variation in AF incidence, with higher rates in 
older persons, men, Whites, and those with a relatively 
large waist circumference, evidence of carotid artery 
pathology, and renal dysfunction. Nonetheless, the magni-
tude of this additional variation was not large, and in none 
of the subgroups evaluated was the incidence of AF as 
high as 100 per 1000 per year.

Discussion
One limitation of our analysis stems from the fact that AF 
can be asymptomatic and intermittent. As a result, AF that 
developed in some MESA participants may not have been 
identified, and so the incidence rates presented here could 
be modest underestimates of the true rates.
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Table 1 Baseline Characteristics of MESA Participants According to Highest NT-proBNP Level

NT-proBNP Value (pg/mL)

Variable
Mean (SD) MESA cohort NT-proBNP<133 133≤NT-proBNP≤422 NT-proBNP>422

N (%) N=6696 N=4238 N=1875 N=583

Age (years) 62.0 (10.2) 58.9 (9.3) 66.4 (9.5) 70.4 (8.2)

Female 3529 (52.7%) 2.037 (48.1%) 1185 (63.2%) 307 (52.7%)

Race
Caucasian 2569 (38.4%) 1425 (33.6%) 854 (45.6%) 290 (49.7%)

Chinese-American 796 (11.9%) 596 (14.1%) 161 (8.6%) 39 (6.7%)

Black/African-American 1851 (27.6%) 1244 (29.4%) 474 (25.3%) 133 (22.8%)
Hispanic 1480 (22.1%) 973 (23.0%) 386 (20.6%) 121 (20.8%)

Diabetes 833 (12.5%) 470 (11.1%) 254 (13.6%) 109 (18.7%)

Systolic blood pressure (mmHg) 126.5 (21.5) 122.5 (19.0) 131.9 (23.1) 138.3 (24.7)

Anti-hypertensive medication 2468 (36.9%) 1279 (30.2%) 855 (45.6%) 334 (57.4%)

Hypertension 2995 (44.7%) 1536 (36.2%) 1054 (56.2%) 405 (69.5%)

Total gross family income last 12 months

<25k 2014 (31.3%) 1117 (27.3%) 666 (37.3%) 231 (41.4%)
25–49k 1862 (28.9%) 1170 (28.6%) 526 (29.5%) 166 (29.8%)

50–99k 1689 (26.3%) 1184 (29.0%) 397 (22.2%) 108 (19.4%)

100+k 868 (13.5%) 618 (15.1%) 197 (11.0%) 53 (9.5%)

Education: highest level completed

<High school 1204 (18.0%) 696 (16.5%) 390 (20.8%) 118 (20.4%)
High school 3112 (46.6%) 1945 (46.1%) 886 (47.3%) 281 (48.5%)

College 1154 (17.3%) 782 (18.5%) 295 (15.7%) 77 (13.3%)

Grad school 1205 (18.1%) 799 (18.9%) 303 (16.2%) 103 (17.8%)

Cigarette smoking status

Never 3358 (50.3%) 2168 (51.3%) 920 (49.1%) 270 (46.6%)
Former 2.445 (36.6%) 1468 (34.8%) 736 (39.3%) 241 (41.6%)

Current 873 (13.1%) 587 (13.9%) 218 (11.6%) 68 (11.7%)

BMI (kg/m2) 28.3 (5.5) 28.4 (5.4) 28.2 (5.7) 28.2 (5.6)

Waist circumference (cm) 98.1 (14.4) 97.9 (14.0) 98.0 (14.8) 100.4 (15.7)

Total cholesterol (mg/dL) 194.1 (35.7) 194.4 (35.8) 194.7 (34.8) 190.6 (37.6)

LDL cholesterol (mg/dL) 117.2 (31.4) 118.5 (31.2) 116 (31.0) 112.2 (33.5)

HDL cholesterol (mg/dL) 50.9 (14.8) 49.5 (14.0) 53.5 (15.5) 52.8 (16.6)

Mean Agatston calcium score, phantom-adjusted 142.2 (406.7) 91.7 (294.5) 197.9 (491.2) 329.6 (656.8)

CAC >0 3324 (49.6%) 1804 (42.6%) 1104 (58.9%) 416 (71.4%)

Metabolic syndrome 2402 (35.9%) 1404 (33.2%) 740 (39.5%) 258 (44.3%)

Lipid-lowering medication 1083 (16.2%) 633 (15.0%) 343 (18.3%) 107 (18.4%)

CRP (mg/L) 3.8 (5.9) 3.5 (5.5) 4.1 (5.9) 5.0 (7.9)

Abbreviations: SD, standard deviation; BMI, body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein; CAC, coronary artery calcium; CRP, C-reactive 
protein.
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To our knowledge, this is the first report of the inci-
dence of AF among persons with the very highest serum 
levels of NT-proBNP. The steady rise in incidence with 
increasing levels that we observed warrants replication in 
the experience of members of other cohorts in whom 
serum levels of NT-proBNP have been measured. Our 

suspicion is that this pattern of results WILL be replicated, 
at least in broad outline, given the steady (and dramatic) 
rise in AF incidence with increasing NT-proBNP levels 
among MESA participants.

In the present study, the overall incidence of AF was 
11.7 per 1000 person-years, whereas that in persons in the 
upper 3% of the serum NT-proBNP distribution was some 
five times higher. Nonetheless, even in this group at rela-
tively high AF risk, the absolute incidence (and that in 
subgroups defined by the presence of additional predictors 
of AF occurrence) did not exceed 100 per 1000 per year.

Is such an incidence high enough to justify screening 
middle aged and older persons for serum levels of NT- 
proBNP? The answer to that question requires considera-
tion, first, of the cost of such screening. In the US at 
present, this is between $40 and $200. Second, it is neces-
sary to gauge the sensitivity and cost of the means of 
assessing the development of AF in patients with high 

Table 2 Incidence of AF in MESA Participants Whose Most 
Recently Measured Level of NT-proBNP Exceeded 133 pg/ml

NT-proBNP 
(pg/mL)

Person- 
Years

AF 
Events

Rate per 1000 
Person-Years

133–162.7 3477.4 60 17.3

162.7–206.9 3493.5 79 22.6
206.9–303.7 3718.9 95 25.5

>303.7 3990.6 180 45.1

303.8–348.1 856.2 22 25.7
348.2–422.0 1022.4 31 30.4

422.1–631.4 1052.5 55 52.3
>631.4 1079.1 72 66.7

Figure 1 AF rate (per 1000 person-years) per NT-proBNP (pg/mL) levels. The first five values of the proBNP correspond to the middle points of the intervals: 133–162,7, 
162.7–206.9, 206.9–303.7, 303.7–348.1, 348.1–422, 422–631.4, and the last point indicates the lower limit of the open interval >631.4.
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levels of NT-proBNP. Periodic pulse palpation by health 
care providers (accompanied by an ECG for those persons 
in whom AF is suspected) ought to be relatively inexpen-
sive, and has been observed12 to have over 90% of the 
sensitivity of an ECG performed in all patients. Also, it 
has been observed that among the patients of physicians to 
whom the identification of AF has been emphasized and to 
whom reminders to conduct pulse palpation have been 
issued, the incidence of previously-occult AF was identical 
to that of patients who underwent systematic ECG 
evaluations.13

Third, we would need information regarding the 
efficacy of treatment of persons with high serum levels 
of NT-proBNP in preventing the development of AF. To 
the best of our knowledge, this has not yet been eval-
uated for any potential intervention. Finally, a decision 
to screen would require a judgment regarding the effi-
cacy of treatment of persons with AF regarding the 
occurrence of stroke and other potential cardiovascular 
complications. In randomized trials of patients with 
atrial fibrillation, administration of oral anticoagulant 
drugs (whether a vitamin K antagonist or another type 
of anticoagulant) led to a large reduction in the rate of 
stroke and all-cause mortality.14,15 A cohort study of 
patients with incidentally-detected AF obtained similar 
findings.16

A randomized trial of the efficacy of screening for 
atrial fibrillation against stroke incidence has been 
initiated, the intensity of screening dictated by serum 
levels of NT-proBNP.17 However, at present the 
European Society of Cardiology (ESC) recommends 
opportunistic evaluation of the presence of AF in ALL 
patients 65 years and greater.18 If the ESC approach 
proves to be cost-effective, then screening for serum 
levels of NT-proBNP would be superseded, though still 

Table 3 AF Incidence (per 1000 Person-Years) in Persons 
Whose Serum Level of NT-proBNP Exceeded 422 pg/ml at 
Some Point During Follow-Up, by Level of Other 
Characteristics That Influence AF Incidence

Characteristics AF 
Events

Person- 
Years

Incidence per 
1000 Person- 

Years

95% CI

Age (years)

45–64 20 427.1 45.8 30.2–75.6

65–74 53 898.0 59.0 45.1–77.3

75–84 54 806.4 67.0 51.3–87.4

Race

White 76 1099.8 69.1 55.2–86.5

Other 51 1030.2 49.5 37.0–65.0

Gender

Female 58 1305.3 44.4 34.3–57.4

Male 69 824.6 83.7 66.1–106.0

Waist circumference (cm)

<97.2 60 1130.4 53.1 41.2–68.4

≥97.2 67 999.5 67.0 52.7–85.0

Hypertensive

No 66 1089.8 60.6 47.6–77.1

Yes 61 1040.1 58.7 45.6–75.3

Diabetic

No 104 1727.9 60.2 49.7–72.9

Yes 23 402.0 57.2 37.9–85.8

Physical Activity (moderate and vigorous)

Below median 75 1226.0 61.2 48.7–76.6

Median and above 51 901.7 56.6 43.0–74.4

Internal carotid artery stenosis

No lesion 45 819.1 54.9 41.0–73.6

1–24% 53 807.3 65.7 50.1–85.8

>24% 27 450.2 60.0 41.1–87.5

Internal carotid artery intimal-medial thickness(mm)

<0.847 33 694.1 47.6 33.8–66.9

0.847–1.28 31 463.6 66.9 47.0–95.1

>1.28 57 883.1 64.6 49.7–83.5

ECG-derived left ventricular hypertrophy*

No 106 1740.7 60.9 50.3–73.6

Yes 19 384.8 49.4 31.5–77.4

Left ventricular mass (g)**

<174.6 81 1334.8 60.7 48.8–75.5

≥174.6 17 221.9 76.7 47.6–123.3

(Continued)

Table 3 (Continued). 

Characteristics AF 
Events

Person- 
Years

Incidence per 
1000 Person- 

Years

95% CI

Serum creatinine

Not elevated 91 1735.0 52.5 42.7–69.9

Elevated*** 36 394.9 91.2 65.8–126.4

Notes: *Sokolow-Lyon voltage criterion. **From cardiac MRI measurements. 
***For men, >1.2 mg/dl. For women, >1.1 mg/dl.
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might be considered in somewhat younger persons. If the 
ESC recommendation for patients 65 years and above is 
not deemed to be cost-effective, then NT-proBNP screen-
ing might itself prove to be cost-effective in the elderly. 
However, as suggested above, an informed cost- 
effectiveness analysis would have to await the develop-
ment of additional information, most notably the efficacy 
of the management of persons with very high levels of 
serum NT-proBNP in the prevention of AF.
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