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Joint Associations of Obesity and NT-proBNP With the Incidence of
Atrial Fibrillation in the ARIC Study
Zakaria Almuwaqqat, MD, MPH; Wesley T. O’Neal, MD, MPH; Faye L. Norby, MPH, MS; Pamela L. Lutsey, PhD, MPH;
Elizabeth Selvin, PhD, MPH; Elsayed Z. Soliman, MD, MSc, MS; Lin Y. Chen, MD, MS; Alvaro Alonso, MD, PhD

Background-—Circulating NT-proBNP (N-terminal pro-B-type natriuretic peptide) levels, a well-known indicator of atrial wall stress
and remodeling, inversely correlate with body mass index. Both are strongly predictive of atrial ﬁbrillation (AF). Their potential
interaction in relation to incident AF, however, has not been explored.
Methods and Results-—In total, 9556 participants of the ARIC (Atherosclerosis Risk in Communities) study who had 2
measurements of NT-proBNP and no baseline AF or heart failure were followed from 1996 to 1998 through 2016 for the
occurrence of incident AF. Participants were categorized as obese (body mass index ≥30) and nonobese (body mass index <30)
and by NT-proBNP levels (using the median of 68.2 pg/mL as the cutoff). Over a median follow-up of 18.3 years, we identiﬁed
1806 incident cases of AF. Analysis using multivariable Cox regression models showed that obese participants with high NTproBNP levels at visit 4 had a higher adjusted risk of incident AF (hazard ratio: 3.64; 95% CI, 3.15–4.22) compared with nonobese
individuals with low NT-proBNP levels. The association of obesity with AF risk was not modiﬁed by NT-proBNP levels (P=0.46 for
interaction). Increasing BNP among participants from 1990–1992 to 1996–1998 was associated with increased AF risk. After
further adjustment for clinical risk factors and medications, results were similar.
Conclusions-—Individuals who had both elevated body mass index and NT-proBNP and were free of clinically recognized heart
failure were at higher risk of AF development. Those who experienced an increase in NT-proBNP levels between visits 2 and 4 were
at higher risk of AF. ( J Am Heart Assoc. 2019;8:e013294. DOI: 10.1161/JAHA.119.013294.)
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O

besity and atrial ﬁbrillation (AF) are major public health
problems in the United States, and both are associated
with signiﬁcant morbidity and increased risk of adverse
cardiovascular events.1,2 The prevalence of AF in the United
States is expected to increase 2.5-fold during the next
50 years.3 At the same time, an increasing trend in the
prevalence of obesity has been observed in US adults.4 Obese
individuals are at higher risk of developing AF.5
Natriuretic peptides (NP), such as BNP (B-type NP) and
atrial NP are produced by cardiac myocytes in response to

stretching of atrial or ventricular walls,6,7 with higher levels of
BNP strongly associated with AF risk.8 BNP levels are
inversely correlated with body mass index (BMI) and total
body fat.9 Different hypotheses, such as the bidirectional
relationship of both factors10,11 and enhanced renal clearance
of BNP in obese individuals,12,13 have been postulated to
explain the inverse relationship between obesity and
circulating BNP levels. Obesity is associated with AF risk
regardless of metabolic proﬁle.14,15 Obesity may lead to left
atrial remodeling, which may provide the substrate for AF
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What Is New?
• In the ARIC (Atherosclerosis Risk in Communities) study,
both obesity and elevated NT-proBNP (N-terminal pro-B-type
natriuretic peptide) were associated with future atrial
ﬁbrillation (AF) risk in individuals without heart failure, and
the association of NT-proBNP with AF risk was not modiﬁed
by obesity status.
• Increased NT-proBNP over time was associated with
increased risk of AF, independent of changes in body
weight.

What Are the Clinical Implications?
• Overweight individuals with increasing NT-proBNP concentrations may be a group at particularly high risk of AF and
might beneﬁt from interventions targeted toward screening
for and prevention of AF.

development.16 However, weight gain might not be associated
with AF risk.17 These observations suggest a complex
interplay among adiposity, NP physiology, and the development of AF.
NT-proBNP (N-terminal pro-BNP) elevation is associated
with heart failure (HF) and cardiovascular disease.18–20
Studies have found that NT-proBNP elevation is associated with the development and progression of AF,
indicating a potential underlying left atrial dysfunction.21
In this study, we investigated the independent association
of obesity and elevated NT-proBNP as a marker of atrial
dysfunction and assessed their potential interaction. In
addition, we took advantage of repeated measures of
NT-proBNP and BMI in the ARIC (Atherosclerosis Risk in
Communities) study cohort to assess the joint effects and
potential interactions of changes in these 2 variables on
AF incidence. We hypothesized that elevated NT-proBNP
and obesity are independently associated with AF risk and
that those with both high NT-proBNP and obesity are at
the highest risk of AF development. In addition, we
hypothesized that obesity development is associated
with AF risk among those who experience an increase
in NT-proBNP.

Study Population
The ARIC study is a prospective epidemiologic cohort
conducted in 4 US communities: Washington County, Maryland; Jackson, Mississippi; selected Minneapolis suburbs,
Minnesota; and Forsyth County, North Carolina. A detailed
description of the design and objectives of the ARIC cohort
study has been published.23 Approximately 4000 individuals
aged 45 to 64 years from a deﬁned population in their
community were recruited from each ARIC center. In 1987–
1989, a baseline examination (visit 1) was completed for
15 792 individuals (55% women, 27% black). Participants
were then followed up regularly every 3 years until 1998, with
the second exam (visit 2) occurring in 1990–1992, the third
(visit 3) in 1993–1995, and the fourth (visit 4) in 1996–1998.
Participants who survived underwent a ﬁfth exam (visit 5) in
2011–2013 and a sixth exam (visit 6) in 2016–2017. For this
analysis, we included individuals who participated in both
visits 2 and 4 and had available circulating NT-proBNP levels
and BMI recorded at both visits. Of these, we excluded
participants who had developed AF or HF by visit 4 or had
missing information on AF incidence (n=685; Figure 1). Study
participants provided written informed consent at each visit,
and the study was approved by institutional review boards at
the participating institutions.

ARIC cohort
N=15,792

Visit 4
N=11,656

N=11,587

N=10,902

N=4,136 did not complete
visit 4.

N=69 excluded as nonwhites from the
Minneapolis and
Washington county field
center, individuals other
than white or African
American in the Forsyth
county field center
N= 685 excluded for
preexisting heart failure or
atrial fibrillation
N=1,333 excluded
for missing NT-proBNP,
SBP, BMI at visits 2 or 4.

N=9,569
N=13 excluded due to
missing co-variates

Methods
The data, analysis, and study materials are not available to
other researchers for purposes of reproducing the results or
replicating the analysis because of human subjects restrictions. Interested investigators may contact the ARIC Study
Center at the University of North Carolina to request access
to ARIC study data.22
DOI: 10.1161/JAHA.119.013294

Study sample
N=9,556

Figure 1. Study sample inclusion ﬂowchart for this analysis
from the ARIC (Atherosclerosis Risk in Communities) study. BMI
indicates body mass index; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; SBP, systolic blood pressure.
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Blood samples were collected at each clinic visit and stored at
70°C until laboratory analysis. Assays of NT-proBNP were
conducted using stored serum from visit 2 in 2011–2013 at the
University of Minnesota and using stored plasma from visit 4 in
2010 at Baylor College of Medicine. NT-proBNP was measured
in visit 2 samples with a Roche sandwich immunoassay on a
Roche Elecsys 2010 analyzer; for visit 4 samples, a Roche ECLIA
for proBNP II assay on a Cobas e411 analyzer was used. Based
on a recalibration study in ARIC, NT-proBNP showed excellent
correlation between the visit 2 and visit 4 measurements, but
serum values of NT-proBNP at visit 4 were on average 9 pg/mL
higher than visit 4 plasma values.24 Therefore, we added 9 pg/
mL to the visit 4 plasma determinations to align visit 2 serum
and visit 4 plasma measurements. Because we considered
subtle plasma NT-proBNP levels that might be associated with
subclinical left atrial dysfunction, we dichotomized values using
the median at visit 4 for the cohort as the cutoff. We also
performed a sensitivity analysis considering a standard NTproBNP cutoff of 125 pg/mL as the upper limit of normal for NTproBNP in nonacute settings.25

Assessment of BMI
BMI was calculated by dividing measured weight (in kilograms) by measured height (in meters squared; kg/m2) at
each visit. For the analyses of BMI, the main exposure of
interest was obesity, deﬁned as a BMI ≥30; for the analyses of
BMI change, we calculated change in BMI between visits 2
and 4 and categorized it as <0 (decreased BMI) versus ≥0
(increased BMI).

of AF and to overread any rhythm disorder other than AF in
ECGs to reduce the possibility of missed or misreading
episodes of AF. Last, AF diagnosis was identiﬁed from death
certiﬁcates if ICD-9 code 427.3 or ICD-10 code I48 was listed
as any reason of death. In a validation study, we found this
approach to have a positive predictive value and sensitivity
close to 90% and speciﬁcity >95%.26

Ascertainment of Other Covariates
We considered relevant covariates that were measured in
both visit 2 and visit 4: sex, age, race, study center, height,
systolic blood pressure (BP), diastolic BP, smoking status,
alcohol drinking status, diabetes mellitus history, HF history,
myocardial infarction (MI) history, use of aspirin medications,
use of statin medications, ECG left ventricular hypertrophy
(LVH) according to Cornell criteria and ECG P-wave terminal
force in lead V1. At visit 2, systolic and diastolic BPs were
measured 3 times, and the mean of the last 2 measurements
was used for our analysis; only 2 measurements were taken at
visit 4, and we used the mean of these 2 for our analysis.
Diabetes mellitus was deﬁned as the use of antidiabetic
medication or a self-reported physician diagnosis of diabetes
mellitus, fasting blood glucose ≥126 mg/dL, or nonfasting
blood glucose >200 mg/dL. Information regarding sex, race,
age, smoking status, and alcohol intake were self-reported.
Medications taken in the prior 2 weeks were brought to the
clinic visit; names of the medications were recorded. HF
history was derived based on the Gothenburg criteria at visit 1
and from HF-related hospitalizations (ICD-9 codes for HF)
during follow-up.27 MI was deﬁned based on self-reported
physician diagnosis of MI at baseline or evidence of old MI on
ECG and events adjudicated during the follow-up.28

Determination of Incident AF
We used 3 methods to identify AF cases in the ARIC cohort
that have been described previously.26 In summary, trained
abstractors collected information from participants’ hospitalizations identiﬁed by follow-up phone calls and surveillance of
local hospitals, including all discharge codes relevant for AF or
atrial ﬂutter. AF was deemed as present if International
Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation
(ICD-9-CM) codes 427.31 (AF) or 427.32 (atrial ﬂutter) or ICD10-CM code I48.x were listed for any given hospitalization. We
excluded AF cases occurring in the context of cardiac surgery.
Next, 12-lead ECGs were obtained during study exams, and
data were transmitted electronically to the ARIC ECG reading
center at EPICARE (Wake Forest School of Medicine, WinstonSalem, NC) using the GE Marquette 12-SL program for
processing. A computer algorithm identiﬁed the presence of
AF or atrial ﬂutter in the ECG. Those ECGs were further
reviewed by a cardiologist to conﬁrm the computer diagnosis
DOI: 10.1161/JAHA.119.013294

Statistical Analysis
The main independent variable for our analysis was the
combination of BMI (<30 or ≥30) and NT-proBNP categories
(<68.2 or ≥68.2 pg/mL) at visit 4. AF risk was assessed for the
4 different categories (low NT-proBNP/low BMI (reference), low
NT-proBNP/high BMI, high NT-proBNP/low BMI, and high NTproBNP/high BMI). For our secondary analysis, we assessed AF
risk among 4 different categories of participants based on the
change in BMI and NT-proBNP (decrease in BMI/increase in NTproBNP, increase in BMI/decrease in NT-proBNP, and increase
in BMI/increase in NT-proBNP). We calculated cumulative
incidence of AF accounting for the competing risk of death using
the cumulative incidence function.29,30 Cox proportional hazards models were used to calculate hazard ratios (HRs) for
developing AF and their 95% CIs according to combined
categories of BMI and NT-proBNP and combined categories of
NT-proBNP change/BMI change among those without AF and
Journal of the American Heart Association

3

ORIGINAL RESEARCH

Assessment of NT-proBNP

Obesity, BNP, and AF

Almuwaqqat et al

Results
The mean age for the study cohort of 9556 participants
without HF or AF at visit 4 was 63 years, with women
accounting for 57% and black participants accounting for 21%
of the analyzed cohort (Table 1). Median NT-proBNP was
68.2 pg/mL and 35% of the cohort had BMI ≥30. Mean age
was relatively similar across NT-proBNP-BMI categories. There
were more women and fewer black participants in the high
NT-proBNP groups. Similarly, systolic BP was higher in
participants with high BMI or high NT-proBNP, whereas those
with high NT-proBNP and BMI ≥30 were more likely to receive
antihypertensive treatment. In addition, those with prevalent
MI had higher NT-proBNP levels, and those with diabetes
mellitus were more likely to have BMI ≥30.

Association of NT-proBNP and BMI Interaction at
Visit 4 With Incident AF
Over a median follow up of 18.3 years, we identiﬁed 1806
incident cases of AF. Figure 2 displays the cumulative incidence
of AF considering death as a competing risk by categories of

DOI: 10.1161/JAHA.119.013294

NT-proBNP and BMI. In our fully adjusted model, obese participants with high NT-proBNP at visit 4 had the highest hazards of
incident AF (HR: 3.04; 95% CI, 2.62–3.54; Table 2) compared with
nonobese individuals with NT-proBNP levels below the median.
The corresponding HRs for nonobese participants with high NTproBNP and obese participants with low NT-proBNP were 2.11
(95% CI, 1.84–2.42) and 1.56 (95% CI, 1.33–1.83; compared with
the same reference group), respectively. In a sensitivity analysis
considering the NT-proBNP standard cutoff, the association was
found to be similar. In addition, associations followed a similar
pattern in analysis stratiﬁed by sex or race (Table S1). In a
separate analysis using BMI and NT-proBNP as continuous
variables, the association of NT-proBNP with AF was not modiﬁed
by BMI (P=0.69 for interaction).

Association of NT-proBNP and BMI Change With
Incident AF
When assessing associations of AF with 6-year joint changes
in BMI and NT-proBNP and using a Cox model adjusted for
age, sex, race/center, education, height, smoking status at
both visits, drinking status, diabetes mellitus, history of MI,
aspirin, statin, hypnotic drugs, LVH, ECG P-wave terminal
force in lead V1, and systolic and diastolic BP at visits 2 and 4,
AF risk was higher among participants who experienced both
an increase in BMI and NT-proBNP (HR: 1.67; 95% CI, 1.35–
2.08) or had a decrease in BMI and an increase in NT-proBNP
(HR: 1.56; 95% CI, 1.25–1.96) compared with those who
experienced decreases in both variables (Table 3 and Figure 3). However, AF risk was not increased in participants
who experienced an increase in BMI with a decrease in NTproBNP (HR: 0.99; 95% CI, 0.78–1.25). The association of BMI
change with AF risk was not modiﬁed by the change in NTproBNP level (P=0.56 for interaction). Associations were
similar in analysis stratiﬁed by sex or race (Table S2).

Discussion
Our study demonstrated that high NT-proBNP and obesity are
associated with a higher incidence of AF among ARIC HF-free
cohort participants followed for 17.4 years. These associations
were independent of other risk factors for AF and present after
adjustment for hypertension and LVH. In addition, we did not
ﬁnd a synergistic or antagonistic interaction in the multiplicative scale between NT-proBNP levels and BMI in relation to AF
risk. However, we observed that increasing BMI was associated
with AF incidence only among participants who experienced an
elevation in NT-proBNP concurrently.
To date, little is known regarding any potential interaction
between circulating NT-proBNP and BMI in relation to AF risk.
Previous studies have consistently reported associations of
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HF at start of follow-up (deﬁned as the date of visit 4 for this
analysis). The time of follow-up was deﬁned as days from visit 4
to AF incidence, death, loss to follow-up, or December 31, 2016,
whichever occurred earlier. We used the following 2 models
with incremental adjustments to analyze the association of NTproBNP and BMI with AF risk: model 1 included adjustment for
age (continuous), sex (dichotomous), education level (grade
school, high school but not graduate, high school graduate,
vocational school, college, graduate school), race, and ARIC
study center; model 2 included further adjustment for standing
height (continuous), smoking (current, former, never), drinking
(current, former, never), diabetes mellitus (dichotomous),
history of MI (dichotomous), aspirin use, statin use, hypnotic
drugs use at visit 4, ECG LVH and P-wave terminal force in lead
V1 at visit 4 (continuous), and diastolic and systolic BP
(continuous) at visit 4. We explored interaction between BMI
and NT-proBNP including interaction terms between both
variables, considered as categorical and continuous measurements. In our secondary analysis, we evaluated the association
of change in NT-proBNP and change in BMI (decreases versus
increases in BMI) with the incidence of AF, and we further
adjusted for the following variables measured at visit 2: BMI
categories, log (NT-proBNP levels), smoking, drinking, diabetes
mellitus, history of MI, aspirin use, statin use, hypnotic drugs,
ECG LVH and P-wave terminal force in lead V1, and systolic and
diastolic BP. For all statistical analyses, a 2-tailed P<0.05 was
considered signiﬁcant. Data analysis was conducted with SAS
software v9.4 (SAS Institute ).<!?A3B2 tpb=2.5"?>
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Table 1. Baseline Characteristics of the ARIC Cohort Study at Visit 4 (n=9556)
NT-proBNP <68.2 pg/mL

NT-proBNP ≥68.2 pg/mL

BMI <30

BMI ≥30

BMI <30

BMI ≥30

32.1

19.3

33.2

15.4

Age, y*

61.6 (5)

61 (5.1)

64.2 (5.7)

63.5 (5.5)

Female, n (%)

1364 (44.4)

1018 (55.3)

2088 (65.9)

1022 (69.3)

Black, n (%)

669 (21.8)

627 (34.1)

378 (11.9)

327 (22.2)

BMI, kg/m2*

26.1 (2.6)

34.6 (4.5)

25.2 (2.9)

34.8 (4.4)

SBP, mm Hg*

122 (17)

127.4 (16)

128.3 (20)

135 (19.9)

ECG PTFV1, lv∙ms*

2281 (1939)

2701 (2122)

2440 (2277)

2898 (2439)

Current smoker

521 (17)

182 (9.9)

546 (17.4)

140 (9.5)

Former smoker

1320 (42.9)

816 (44.3)

1333 (42.1)

647 (43.9)

Never smoker

1233 (40.1)

843 (45.8)

1288 (40.7)

687 (46.6)

1689 (54.9)

813 (44.2)

1708 (53.9)

614 (41.7)

Former drinker

843 (27.4)

588 (31.9)

842 (26.6)

481 (32.6)

Never drinker

542 (17.6)

440 (23.9)

617 (19)

379 (25.7)

Aspirin use, n (%)

1652 (53.7)

965 (52.4)

1795 (56.7)

934 (63.4)

Statin use, n (%)

3090 (10.1)

197 (10.7)

345 (10.9)

213 (14.5)

Hypnotic use, n (%)

890 (29)

945 (51.3)

1251 (39.5)

904 (61.3)

DM, n (%)

370 (12)

477 (25.9)

287 (9.1)

3530 (24.9)

87 (2.8)

67 (3.6)

225 (7.1)

137 (9.3)

43.7 (28.5–58.6)

30.8 (17–47.2.4)

128.4 (92.9–200.5)

126.8
(91.2–199.6)

Participants, %
Clinical variables

Smoking status, n (%)

Drinking status, n (%)
Current drinker

MI history, n (%)
NT-proBNP, pg/mL

†

Values correspond to mean (SD) unless otherwise stated. ARIC indicates Atherosclerosis Risk in Communities; BMI, body mass index; DM, diabetes mellitus; MI, myocardial infarction; NTproBNP, N-terminal pro-B-type natriuretic peptide; PTFV1, P-wave terminal force in lead V1; SBP, systolic blood pressure.
*Continuous variable given as mean (SD).
†
Continuous variable given as median (interquartile range).

circulating NT-proBNP with AF incidence. In MESA (MultiEthnic Study of Atherosclerosis), researchers found that a
higher circulating NT-proBNP was associated with higher
incidence of AF, with differences in the predictive value of this
biomarker across age and racial/ethnic groups.31 Similarly, in
an analysis combining the Framingham Heart Study, the
Cardiovascular Health Study, and the ARIC study, NT-proBNP
was identiﬁed as a predictor of incident AF independent of
other known risk factors for AF.32,33 At the same time, 18% of
incident AF in the ARIC cohort can be attributed to elevated
BMI.34 In addition, evidence shows that metabolic syndrome
features, particularly visceral obesity and insulin resistance,
are associated with subclinical left atrial dysfunction, providing a pathophysiological pathway to explain the association
between elevated BMI and increased AF risk.35
BMI and plasma NT-proBNP levels are known to be
inversely correlated.9 NPs are thought to play an important
DOI: 10.1161/JAHA.119.013294

role in cardiovascular remodeling, volume homeostasis, and
response to ischemia.36 Moreover, NPs are known for their
ability to enhance lipolysis and modulate energy expenditures.37,38 The pathophysiologic mechanisms linking circulating NT-proBNP and AF incidence are not completely
elucidated. NT-proBNP levels are usually elevated in patients
with asymptomatic or symptomatic left ventricular and atrial
dysfunction and in patients with overt HF.39 In addition,
patients with right HF or pulmonary hypertension also have
higher levels of NT-proBNP.40,41 Thus, NT-proBNP can serve
as a marker of adverse left atrial remodeling. Our ﬁndings
suggest that this is also true in obese individuals; this result
may help us identify those at the highest risk of AF among this
high-risk group.
Obesity is associated with electroanatomic remodeling
of the atria and future AF risk.42 Our study found that
participants with obesity at visit 4 were at higher risk of AF;
Journal of the American Heart Association
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.4
Cumulative Incidence
.1
.2
.3

BMI, HR (95%CI)†

↓

Model 1*
NT-proBNP

5

10
Years of follow-up

Low BMI / Low BNP
Low BMI / High BNP

15

20

NT-proBNP
High BMI / Low BNP
High BMI / High BNP

Figure 2. Cumulative incidence of AF, unadjusted, by
categories of NT-proBNP (N-terminal pro-B-type natriuretic peptide; below or above median) and body mass
index (BMI; <30 or ≥30) at ARIC (Atherosclerosis Risk in
Communities) visit 4, considering death as a competing
risk, ARIC 1996–2016.

however, participants who gained weight and developed
obesity during follow-up did not experience a higher risk of AF.
These ﬁndings build on previous studies that long-term
obesity, particularly that acquired earlier in life, is associated
with AF risk more than new weight gain and obesity
development.17 These ﬁndings may help us direct AF
prevention efforts toward early stages of the disease, as
substantial evidence suggests that weight control may reduce
the increasing incidence of AF.43

Strengths and Limitations
Our study has several strengths. First, the ARIC study includes
a large and diverse population with longitudinal measures of

↑

↓

Ref

0.90 (0.71–1.14)

↑

1.61 (1.29–2.02)

1.66 (1.34–2.06)

↓

↑

↓

Ref

0.99 (0.78–1.25)

↑

1.56 (1.25–1.96)

1.67 (1.35–2.08)

Model 2‡

0
0

P Interaction

0.32

0.56

AF indicates atrial ﬁbrillation; ARIC, Atherosclerosis Risk in Communities; BMI, body
mass index; HR, hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; ref,
reference.
*Model 1, adjusted for age, sex, BMI at visit 2, log (NT-proBNP) at visit 2, race/center,
and education.
†
HRs are for associations of BMI categories and pro-BNP levels, with AF.
‡
Model 2, adjusted for age, sex, BMI at visit 2, log (NT-ProBNP) at visit 2, race/center,
height, smoking, education, drinking, diabetes mellitus, myocardial infarction, aspirin,
statin, hypnotic drugs, ECG P-wave terminal force in lead V1, systolic blood pressure, and
diastolic blood pressure.

body weight and cardiac blood biomarkers. Second, our study
had extensive information on other biomarkers and clinical
variables that allow adequate adjustments for potential
confounders. Nevertheless, our study also has important
limitations. First, we were not able to differentiate between
diverse patterns of AF, such as paroxysmal AF, persistent AF,
or permanent AF, and between AF and atrial ﬂutter. Second,
our approach for AF ascertainment probably led to missing
asymptomatic cases and those managed exclusively in the
outpatient setting. Third, our analysis was limited to
participants who had a follow-up visit 4 and repeated
measures of NT-proBNP and BMI. Consequently, our results

Table 2. Associations of BMI and NT-proBNP With Incident AF in the ARIC Cohort (n=9556)
BMI<30 and Low NT-proBNP

BMI≥30 and Low NT-proBNP

BMI<30 and High NT-proBNP

BMI≥30 and High NT-proBNP

No. of AF events

343

292

724

447

Participants, n (%)

3074 (32.2)

1841 (19.3)

3167 (33.1)

1474 (15.4)

Person-years

51 493

29 970

46 731

20 937

Interaction P Value

NT-proBNP less than or greater than or equal to median <68.2 pg/mL, HR (95% CI)*
Model 1†

Ref

1.69 (1.45–1.98)

2.37 (2.07–2.71)

3.64 (3.15–4.22)

0.34

Model 2‡

Ref

1.56 (1.33–1.83)

2.11 (1.84–2.42)

3.04 (2.62–3.54)

0.46

NT-proBNP <125 pg/mL or ≥125 pg/mL, HR (95% CI)*
Model 1†

Ref

1.63 (1.44–1.85)

2.35 (2.07–2.66)

3.51 (3.03–4.06)

0.37

Model 2‡

Ref

1.51 (1.33–1.71)

2.02 (1.78–3.00)

2.87 (2.47–3.35)

0.21

AF indicates atrial ﬁbrillation; ARIC, Atherosclerosis Risk in Communities; BMI, body mass index; HR, hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; ref, reference.
*HRs are for associations of BMI categories and pro-BNP levels, with AF.
†
Model 1, adjusted for age, sex, race/center, and education.
‡
Model 2, adjusted for age, sex, center, race, standing height, smoking, education, drinking, diabetes mellitus, myocardial infarction, aspirin, statin, hypnotic drugs, left ventricular
hypertrophy by Cornell deﬁnition, P-wave terminal force in lead V1, systolic blood pressure.
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Table 3. Associations of Changes in NT-proBNP and BMI
Between Visit 2 (1990–1992) and Visit 4 (1996–1998) With
Incident AF in the ARIC Cohort. (n=9556)
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Increase in BMI

.2
.1
0

Cumulative Incidence

.3

Decrease in BMI

0
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Decrease BNP

Increase BNP

By change in BMI

Figure 3. Cumulative incidence of AF by 6-year change in NT-proBNP (N-terminal pro-B-type natriuretic
peptide) according to 6-year changes in body mass index (BMI), considering death as a competing risk,
ARIC (Atherosclerosis Risk in Communities), 1996–2016.

may not be generalizable to those without repeated
measures of NT-proBNP and BMI. Finally, as an observational
study, the potential for residual and unmeasured confounding remains.

Conclusions
Obesity and elevated NT-proBNP, as a marker of left atrial
dysfunction, are independently associated with AF risk. Shortterm BMI changes, however, were not associated with AF risk,
highlighting the importance of weight control earlier in life to
avoid long-term atrial remodeling. Given the rising prevalence of
obesity, these ﬁndings are important in AF prevention planning.
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SUPPLEMENTAL MATERIAL

Table S1. Associations of BMI and NT-proBNP with incident AF in the ARIC cohort by sex and race.

BMI < 30 and
NT-proBNP <
median
Men

ref

Women

ref

Blacks

ref

Whites

ref

BMI ≥ 30 and
BMI < 30 and
NT-proBNP <
NT-proBNP ≥
median
median
HR (95% confidence intervals)
1.42
2.27
(1.15 1.74)
(1.90, 2.70)
1.64
2.11
(1.27, 2.12)
(1.70, 2.62)
1.22
2.74
(0.84, 1.76)
(1.91, 3.95)
1.62
2.08
(1.36, 1.93)
(1.80, 2.41)

BMI ≥ 30 and
NT-proBNP ≥
median
3.09
(2.51, 3.79)
2.99
(2.38, 3.79)
2.96
(2.0, 4.30)
2.96
(2.52, 3.49)

ARIC: Atherosclerosis Risk in Communities; BMI, body mass index; CI, confidence interval; HR, hazard
ratio; NT-proBNP, N-terminal pro B-type natriuretic peptide; ref, reference.
Cox proportional hazards model adjusted for age, sex, center, race, standing height, smoking, education,
drinking, diabetes mellitus, myocardial infarction, aspirin, statin, hypnotic drugs, LVH by Cornell
definition, P wave terminal force in V1, systolic blood pressure.

Table S2. Associations of changes in NT-proBNP and BMI between visit 2 (1990-92) and visit 4 (199698) with incident AF by sex and race in ARIC.

NT-proBNP 
BMI 

BMI 

NT-proBNP 
BMI 

BMI 

Hazard ratios (95% confidence intervals)
Men

ref

0.89 (0.62, 1.28)

1.57 (1.13, 2.20)

1.68 (1.21, 2.33)

Women

ref

1.09 (0.80, 1.48)

1.60 (1.18, 2.17)

1.70 (1.27, 2.27)

Blacks

ref

0.89 (0.63, 1.69)

1.59 (0.99, 2.54)

1.85 (1.19, 2.88)

Whites

ref

0.99 (0.76, 1.30)

1.54 (1.19, 2.00)

1.64 (1.28, 2.11)

ARIC: Atherosclerosis Risk in Communities; BMI, body mass index; CI, confidence interval; HR, hazard
ratio; NT-proBNP, N-terminal pro B-type natriuretic peptide; ref, reference.
Cox proportional hazards model adjusted for age, sex, BMI at visit 2, log (NT-ProBNP) at visit 2,
race/center, height, smoking, education, drinking, diabetes mellitus, myocardial infarction, aspirin,
statin, hypnotic drugs, PTFV1, systolic blood pressure and diastolic blood pressure.

