
 

 

 University of Groningen

Towards improved risk prediction of incident atrial fibrillation and progression of atrial
fibrillation
Marcos, Ernaldo Gonsalvis

DOI:
10.33612/diss.136550017

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Marcos, E. G. (2020). Towards improved risk prediction of incident atrial fibrillation and progression of atrial
fibrillation. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.
https://doi.org/10.33612/diss.136550017

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.136550017
https://research.rug.nl/en/publications/935cb6ec-8069-45d1-9d75-6b0bf0f03b3d
https://doi.org/10.33612/diss.136550017


Chapter 3

Metabolomic profiling in relation to new-onset atrial 
fibrillation (from the Framingham heart study)

Darae Ko, MD†

Eric M. Riles, MD, MPH†

Ernaldo G. Marcos, MD†

Jared W. Magnani, MD, MSc
Steven A. Lubitz, MD, MPH
Honghuang Lin, PhD
Michelle T. Long, MD
Renate B. Schnabel, MD, MSc
David D. McManus, MD
Patrick T. Ellinor, MD, PhD
Vasan S. Ramachandran, MD
Thomas J. Wang, MD
Robert E. Gerszten, MD
Emelia J. Benjamin, MD, ScM
Xiaoyan Yin, PhD*
Michiel Rienstra, MD, PhD*

† Authors contributed equally to the manuscript.
* Authors contributed equally to the manuscript.



42 Part 1

Risk markers for incident atrial fibrillation

ABsTRACT

Previous studies have shown several metabolic biomarkers to be associated with 
prevalent and incident atrial fibrillation (AF), but the results have not been replicated. 
We investigated metabolite profiles of 2,458 European ancestry participants from the 
Framingham Heart Study without AF at the index exam and followed them for 10 years 
for new-onset AF. Amino acids, organic acids, lipids, and other plasma metabolites were 
profiled by liquid chromatography-tandem mass spectrometry using fasting plasma 
samples. We conducted Cox proportional hazard analyses for association between 
metabolites and new-onset AF. We performed hypothesis generating analysis to identify 
novel metabolites and hypothesis testing analysis to confirm the previously reported 
associations between metabolites and AF. Mean age was 55.1±9.9 years, and 53% were 
women. Incident AF developed in 156 participants (6.3%) in 10 years of follow-up. A total 
of 217 metabolites were examined, consisting of 54 positively charged metabolites, 59 
negatively charged metabolites, and 104 lipids. None of the 217 metabolites met our a 
priori specified Bonferroni corrected level of significance in the multivariable analyses. 
We were unable replicate previous results demonstrating associations between metabo-
lites that we had measured and AF. In conclusion, in our metabolomics approach, none 
of the metabolites we tested were significantly associated with the risk of future AF.

Keywords: Atrial fibrillation; Risk Factor; Metabolomics, Epidemiology
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Prior metabolomics investigations have focused on identifying metabolic pathways 
responsible for the initiation and maintenance of the arrhythmia in patients with 
known atrial fibrillation (AF) or post-operative AF.1-13 Recently the Atherosclerotic Risk in 
Communities Study identified bile acids glycolithocoholate sulfate and glycocholenate 
sulfate as markers of increased risk of new-onset AF.14 In the present study, we aimed to 
identify novel metabolic markers, and to confirm the association between previously 
reported metabolites in relation to new-onset AF.

METhods

We studied participants from the Framingham Heart Study Offspring cohort, which was 
initiated in 1971. Participants (n=5,124) underwent medical and laboratory evaluation 
every 4 to 8 years. Our study involved the 5th examination, consisting of 3,799 partici-
pants evaluated between 1991 and 1995. Metabolites were measured on 2,526 partici-
pants, among whom 49 were excluded due to prevalent AF, and 19 were excluded due to 
missing covariates. Institutional Review Boards at Boston University Medical Center and 
Massachusetts General Hospital approved the study protocols. All participants provided 
written informed consent.

Fasting EDTA plasma metabolites were analyzed using targeted liquid chromatography-
tandem mass spectrometry using 3 methods focusing on amino acids and amines15,16, 
organic acids,17 and lipids.18 Data were acquired using either an AB SCIEX 4000 QTRAP 
triple quadrupole mass spectrometer (positively charged polar compounds and lipids) 
or an AB SCIEX 5500 QTRAP triple quadrupole mass spectrometer (negatively charged 
polar compounds). Briefly, polar, positively charged metabolites were separated using 
hydrophobic interaction liquid chromatography and analyzed using multiple reaction 
monitoring in the positive ion mode. Polar, negatively charged compounds, including 
central and polar phosphorylated metabolites, were separated using a Luna NH2 column 
(150 × 2 mm, Luna NH2, Phenomenex) and analyzed using multiple reaction monitoring 
in the negative ion mode. Lipids were separated on a Prosphere C4 HPLC column and 
underwent full scan mass spectrometer analysis in the positive ion mode. MultiQuant 
software (Version 1.2, AB SCIEX) was used for automated peak integration and manual 
review of data quality prior to statistical analysis. For all 3 profiling platforms, a pooled 
plasma sample also was run following every 20 samples, and the peak areas in samples 
were normalized to metabolite peak areas in the nearest pooled plasma. We have previ-
ously published that CVs for ~80% of the analytes are <20%.15,17-19



44 Part 1

Risk markers for incident atrial fibrillation

Physicians measured systolic and diastolic blood pressures twice in seated participants. 
Medications and tobacco use were ascertained by self-report. Tobacco use was defined 
as routine smoking of 1 or more cigarettes per day within the year prior to the Framing-
ham Heart Study clinic visit. Diabetes was defined by fasting serum glucose of equal to 
or greater than 126 mg/dL, or use of insulin or oral hypoglycemic agents. Serum lipid 
and glucose concentrations were collected after an overnight fast. Myocardial infarction 
and heart failure were determined by a panel of 3 physicians who examined hospital and 
outpatient records of the participants, using previously reported criteria.20

The presence of AF was determined from participant records from the Framingham Heart 
Study clinic, as well as both other ambulatory clinic and inpatient hospital records and 
Holter monitoring. Participants were diagnosed with AF if either AF or atrial flutter was 
noted on electrocardiogram. Cardiologists at the Framingham Heart Study confirmed 
the incident AF electrocardiographic diagnoses.

We present baseline characteristics as mean ± standard deviation for continuous covari-
ates and counts (%) for dichotomous covariates. Each metabolite was rank normalized 
before the analysis using Blom’s method.21 For the 209 metabolites, we used the cor-
rected p values of less than or equal to 0.00024 (0.05/209) for hypothesis generating. For 
the 8 metabolites previously reported in the literature to be associated with AF (beta 
hydroxybuterate,1 glycine,1 phosphocreatine,3 glucose,1 creatine,2 alanine,2 glutamine,2 
betaine2) we used the Bonferroni corrected significance level of p less than or equal to 
0.00625 (0.05/8) for hypothesis testing. We conducted Cox proportional hazard analyses 
for association between baseline metabolite (rank normalized values) and incident AF, 
adjusting for age and sex. We additionally adjusted for height, weight, systolic and dia-
stolic blood pressure, current tobacco use, antihypertensive medication use, diabetes, 
myocardial infarction, heart failure, and statin use.22 We analyzed 10-year risk of AF by 
censoring on death, last contact, or 10-year from examination 5 date, whichever came 
first. Hazard ratios (HR) are expressed per standard deviation of the metabolites. Analy-
ses were conducted with SAS version 9.4 software (SAS Institute, Cary, NC)

REsulTs

Baseline characteristics of the study sample are shown in Table 1. Among 2,458 partici-
pants, incident AF developed in 156 participants (6.3%) during 10 years of follow-up. A 
total of 217 metabolites were identified from the baseline samples of the entire cohort, 
consisting of 54 positively charged metabolites, 59 negatively charged metabolites, and 
104 lipids (esuppl Table).
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In our Cox proportional analysis for association between previously reported baseline 
metabolites and incident AF, only fructose/glucose/galactose met our a priori specified 
Bonferroni corrected level of significance when adjusted for age and sex (Table 2). None 
of the metabolites met our corrected level of significance with additional adjustments.

None of the 217 metabolites met our a priori specified Bonferroni corrected level of 
significance with multivariable adjustments (esuppl Table).

Given our sample size (n=2458) and number of participants with incident AF, there was 
80% of power to replicate previously reported metabolites with HR 1.37 or greater at 
alpha=0.00625 level; there was 80% of power to discover metabolites with HR 1.49 or 
greater at alpha=0.00024 level.

Table 1. Baseline characteristics of study sample.

Variable Total population (n=2,477)

Age (years) 55.1±9.9

Women 1296 (53%)

Height (cm) 168±9.3

Weight (kg) 78±16

Current smoker 459 (19%)

Systolic blood pressure (mmHg) 126±19

Diastolic blood pressure (mmHg) 75±10

Antihypertensive medication use 482 (20%)

Statin use 96 (4%)

Diabetes mellitus 169 (7%)

Prevalent heart failure 7 (0.3%)

Prevalent myocardial infarction 51 (2%)

Values are n (%), or mean ± SD

Table 2. Age- and sex-adjusted associations of candidate metabolites with incident AF.

Metabolite hazard ratio (95% confidence interval)† p value*

Beta hydroxybuterate 1.07 (0.88-1.29) 0.50

Glycine 1.05 (0.87-1.26) 0.63

Phosphocreatine 0.87 (0.72-1.05) 0.15

Creatine 0.91 (0.77-1.08) 0.28

Alanine 1.16 (0.98-1.36) 0.08

Glutamine 1.01 (0.87-1.18) 0.86

Betaine 1.03 (0.87-1.22) 0.03

Glucose/fructose/galactose 1.39 (1.17-1.65) 0.0002

†Hazard ratio expressed per standard deviation of the metabolite
*Significance level of p ≤0.00625 (0.05/8) for hypothesis testing
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dIsCussIon

In our longitudinal analysis of participants of the Framingham Heart Study, we found no 
plasma metabolites to be associated with the risk of future AF at our a priori specified 
level of significance. Both metabolomics and non-metabolomics studies have examined 
associations between biomarkers and the risk of AF (Table 3). Recently, the community-
based Atherosclerotic Risk in Communities Study reported associations between serum 
metabolites identified through nontargeted metabolomics approach and the risk of 
new-onset AF.14 In their analysis, bile acids, glycolithocholate sulfate and glycocholenate 
sulfate, were significantly associated with the risk of new-onset AF after multivariable 
adjustments.14 Our targeted liquid chromatography-tandem mass spectrometry plat-
form did not detect either of the metabolites; it detected bile salts, glycocholate, and 
glycodeoxycholate, which were not significantly associated with the risk of new-onset 
AF. Prior to the Atherosclerotic Risk in Communities Study, Mayr et al. identified several 
metabolites using human atrial tissues as potential markers of increased risk of AF after 
cardiac surgery1 and De Souza et al. found various metabolites using canine atrial tissues 
as markers of increased risk of heart failure-induced AF (Table 3).2 Our metabolomics 
profiling did not confirm the results of the 3 studies.

Additional non-metabolomics studies have focused on specific metabolites and demon-
strated significant variation by AF status in the circulating and tissue concentrations of 
several metabolites in both animals and humans (Table 3).3-5,8-10 The molecules studied 
include phosphocreatine, cyclic guanosine monophosphate, uric acid, 3-nitrotyrosine, 
myofibrillar creatine kinase, glutathione, and peroxide. Phosphocreatine was detected 
in our study but was not significantly associated with the risk of new-onset AF.

Several reasons may explain inconsistency between our results compared to the prior 
literature. First, in our liquid chromatography-tandem mass spectrometry approach, 
we may have missed metabolites outside the targeted platform.23 Second, use of a 
strict threshold for corrected p values may have masked subtle associations.23 Finally, 
the participants, tissues, and study designs were heterogeneous. Our study examined 
participants of European ancestry free of AF at baseline. The studies by Mayr et al. and 
De Souza et al. were both cross-sectional in design. The Atherosclerotic Risk in Com-
munities Study analyzed African-Americans free of AF at baseline. The study by Mayr 
et al. examined the risk of post-operative AF among the individuals undergoing cardiac 
surgery. De Souza et al. used an animal model to investigate heart failure-induced AF.

There are several limitations to our study. First, metabolite profiles may be tissue 
specific; sampling from the plasma may have failed to detect metabolite associations 
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in other samples such as serum or at the atrial tissue level.23 Second, we may have 
underestimated new onset AF, because AF is frequently clinically unrecognized. Third, 
the CVs of some of the metabolites may have led to a substantial misclassification which 
may have biased the results towards the null. Fourth, we may have had modest power to 
detect small effect sizes. Fifth, our study predominantly included middle-aged to older 
individuals of European ancestry, which may not generalize to other ethnicities or age 
groups. There is some evidence that metabolomics patterns differ by race24,25. Finally, 
our AF population includes all types of AF, and we may have missed association between 
the metabolites with specific AF subtypes such as atrial flutter, paroxysmal, persistent, 
or permanent AF.

Funding. Dr. Ko is supported by 5T32HL007224-38 and UL1-TR000157. Dr. Benjamin is sup-
ported in part through NIH/NHLBI HHSN268201500001I; N01-HC25195, 2R01HL092577, 

Table 3. Metabolites previously studied

First author, year
Metabolite source

Main findings

Metabolomics studies

Alonso, 201514

Human serum
Higher incident AF risk associated with higher concentrations of glycolithocholate 
sulfate and glycocholenate sulfate

Mayer, 20081

Human atrial tissue
Higher concentrations of β-hydroxybuterate and glycine in the AF group compared to 
the sinus rhythm group

de souza, 20102

Canine atrial tissue
After 2 weeks of ventricular-tachypacing, ADP+ATP, alanine, betaine, glucose, 
glutamate, NAD+NADH, and taurine levels were increased and α-ketoisovalerate level 
was decreased

non-metabolomics studies

Ausma, 20003

Goat atrial tissue
Phosphocreatine level dropped during the first 8 weeks of AF induction and then 
returned to normal at 16 weeks; levels of creatine, ATP, ADP, AMP, GDP, GTP, and NAD 
did not change significantly.

uno, 19864

Canine plasma
cGMP concentration increased significantly with AF induction; cAMP concentration did 
not change

Tamariz, 20115

Human serum
Higher risk of AF associated with higher uric acid concentration

Mihm, 20018

Human atrial tissue
MM-CK activity was reduced and 3-nitrotyrosine concentration was increased in the AF 
group compared to control

neuman, 20079

Human plasma
Increased oxidation of glutathione and derivatives of reactive oxygen metabolites in 
the AF group compared to control

Ramlawai, 200710

Human atrial tissue, 
serum

Tissue: Higher peroxide level in the AF group compared to control
Serum: Higher peroxide level in the AF group at 6 hours after surgery but not at post-
operative day 4

AF: atrial fibrillation; ADP: adenosine diphosphate; ATP: adenosine triphosphate; cAMP: cyclic (c) adenos-
ine monophosphate (AMP); cGMP: cyclic (c) guanosine monophosphate (GMP); GDP: guanosine diphos-
phate; GTP: guanosine triphosphate; NADH: nicotinamide adenine dinucleotide (NAD) + hydrogen (H); MM-
CK: myofibrillar creatine kinase
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