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Abstract

Objective Atrial fibrillation (AF) is the most common
arrhythmia and associated with increased morbidity
and mortality. Its increasing prevalence calls for novel
biomarkers to identify underlying pathophysiological
mechanisms as well as patients at risk.
Methods Plasma samples from 1694 individuals from
the Swedish population-based Malmö Preventive Project
(mean age 69.5 years; 29.3% female; mean follow-
up time 9.7±3.1 years) were analysed with the Olink
proximity extension assay CVD III panel consisting of 92
proteins to identify proteins associated with incident AF
or atrial flutter, referred to as incident AF. Incident cases
of AF (n=278) were retrieved by linkage to the registers.
Participants were followed until the first episode of AF
or until censoring by death or emigration. Bonferroni-
corrected multivariable Cox regression models adjusted
for known risk factors were used to explore possible
associations of the 92 proteins and incidence of AF.
Results Multivariable Cox regression analyses of 11
proteins associated with incident AF (mean follow-
up time 9.7±3.1 years) after Bonferroni correction
confirmed N-terminal pro-B-type natriuretic peptide
(HR per 1 SD increment (95% CI) 1.80 (1.58 to 2.04);
p=1.2×10−19) as risk marker of incident AF. Further,
matrix metalloproteinase-2 (1.22 (1.07 to 1.39); p=0.002)
and osteopontin (1.27 (1.12 to 1.44); p=2.7×10−4) were
associated with incident AF at follow-up independently of
traditional risk markers and NT-proBNP.
Conclusion In a general Swedish population, we
confirmed the well-known association of NT-proBNP with
incident AF and also identified matrix metalloproteinase-2
and osteopontin as novel risk markers for incident AF,
independently of traditional risk factors and NT-proBNP.

Introduction
There is substantial evidence for the increase
of the incidence, prevalence, overall burden
and mortality associated with atrial fibrillation (AF), resulting in significant public
health implications.1 Several clinical risk
factors for AF have been identified; traditional markers for cardiovascular disease,
and disease-
specific markers, such as left
atrial enlargement.2 3 In addition, specific

Key questions
What is already known about this subject?
►► Several clinical risk factors for atrial fibrillation are

known, but associations of biochemical risk markers and incidence of atrial fibrillation are explored
to a lesser extent.

What does this study add?
►► This study explores associations of 92 proteins

implicated in cardiovascular disease with incident
atrial fibrillation and may provide insights into novel
pathophysiological pathways.

How might this impact on clinical practice?
►► Increased knowledge of the pathophysiological

pathways could ultimately help develop novel therapeutic targets.

biomarkers have also been shown to predict
incident AF, such as growth differentiation
factor 15, fibroblast growth factor 23, high-
sensitivity troponin I and NT-proBNP, with
the natriuretic peptides being the most
robust, and also improving risk discrimination and reclassification beyond aforementioned conventional risk factors.4–7 The
pathophysiological mechanisms leading to AF
are complex and multifactorial but appear,
apart from risk factors and biomarkers, also
to be related to an increase in oxidative stress
and inflammation.8 Several high-throughput
proteomics chips based on proximity extension assay technology enabling exceptional
precision and specificity measuring almost
100 proteins with known or proposed involvement in inflammation, immunity and cardiovascular disease have been developed.9 Using
one such proteomic chip (Proseek Multiplex
CVD I), Lind et al recently identified N-terminal pro-B-type hormone (NT-proBNP)
and fibroblast growth factor 23 as significant
independent predictors of incident AF in two
general populations.7 In our study, we used
a newer multiplex immunoassay, Proseek

Molvin J, et al. Open Heart 2020;7:e001190. doi:10.1136/openhrt-2019-001190

1

Open Heart: first published as 10.1136/openhrt-2019-001190 on 15 March 2020. Downloaded from http://openheart.bmj.com/ on June 30, 2022 by guest. Protected by copyright.

Exploration of pathophysiological
pathways for incident atrial fibrillation
using a multiplex proteomic chip

Open Heart

Methods
Study sample
During 1974–1992, specific birth cohorts between 1921
and 1949 of inhabitants in Malmö, Sweden, were invited
to participate in a large cohort study, that is, the Malmö
Preventive Project (MPP), with a total of 33 346 individuals attending (attendance rate 71%). Re-examination
of 18 238 MPP survivors, who were still residing in the
Malmö area, the MPP Re-Examination Study (MPP-RES),
was conducted during 2002–2006 (attendance rate 72%).
In a subsample of 1792 participants, echocardiography
and a 12-lead ECG were performed. These subjects were
randomly selected from groups defined by glucometabolic status: normal fasting glucose, impaired fasting
glucose, new-onset diabetes and prevalent diabetes, with
oversampling in the groups with glucometabolic disturbances to ensure numerical balance, as described previously and that we recently used in a similar approach
investigating incident diabetes.10 11
Clinical examination
Height and weight were measured and body mass index
(BMI, kg/m2) subsequently calculated. Blood pressure
was measured twice in the supine position after 10 min
of rest, and blood samples were drawn after an overnight fast. Hypertension was defined as systolic blood
pressure (SBP) >140 mm Hg or diastolic blood pressure
>90 mm Hg or the use of antihypertensive medication.
Laboratory assays
Blood samples were drawn after an overnight fast. The
samples were centrifuged and stored at −80℃ until the
time of analysis. NT-proBNP was measured with an electrochemiluminescence immunoassay (Elecsys; Roche
Diagnostics, Basel, Switzerland) at the Department of
Clinical Chemistry, Akershus University Hospital, Lorenskog, Norway.
Proteomic profiling
Plasma samples from a total of 1737 individuals from
this subsample were successfully analysed with the Olink
proximity extension assay. Plasma levels of proteins were
analysed by the Proximity Extension Assay technique
using the Proseek Multiplex CVD III 96×96 reagents kit
(Olink Bioscience, Uppsala, Sweden). The CVD III panel
consists of 92 proteins with either established or proposed
association with cardiovascular disease, inflammation
and metabolism. All data are presented as arbitrary units.
One protein was below detectable limits in >15% samples
(NT-proBNP). Across all 92 assays, the mean intra-assay
2

and inter-assay variations were 8.1% and 11.4%, respectively. Validation data and coefficients of variance for all
proteins can be found in online supplementary material
(validation data CVD III) and further technical information about the assays are available on the Olink homepage (http://www.olink.com).
Classification of prevalent and incident AF in MPP-RES
The endpoint was clinical AF or atrial flutter diagnosed
in a hospital setting, that is, either inpatient or outpatient. AF and atrial flutter have not been distinguished
due to the similarities between the two diagnoses, and the
main endpoint of incident AF or incident atrial flutter
is referred to as incident AF.12 Cases were retrieved by
linkage to the Swedish Registers for inpatients and outpatients administered by The Swedish National Board of
Health and Welfare. The AF diagnosis in this register
(diagnosis codes 427D for the 9th revision of International Classification of Diseases, ICD-9, and I48 for the
10th revision, ICD-10) has been validated previously.13
Participants were followed until the first episode of AF or
atrial flutter or until censoring by death or emigration.
Follow-up ended on 31 December 2016.
Statistical analysis
Non-normally distributed variables (all 91 proteins and
NT-proBNP) were log-transformed and then standardised prior to analysis. Cox proportional-hazards regression models were carried out crude (model 1), where a
Bonferroni-
corrected p value of 0.0005 (0.05/92) was
considered statistically significant. Only proteins that in
crude Cox regression models were Bonferroni-corrected
significantly associated with the prevalence and incidence
of AF were then further analysed using logistic regression
models and Cox regression models, respectively. Prior to
analyses of incident AF, all cases of prevalent AF by the
time of MPP-RES were excluded. Model 2 was adjusted for
age and sex. Model 3 was further adjusted for BMI, SBP,
smoking status, prevalent diabetes mellitus, prevalent
coronary events, prevalent heart failure and antihypertensive treatment. Proteins that were significantly associated with incident AF in model 3 (except for NT-proBNP)
were then further adjusted for NT-proBNP on top of model
3. The area under the curve (AUC) of these proteins for
incident AF was calculated by receiver operating characteristic (ROC) analysis. The proportional hazard assumption was tested using Schoenfeld residuals. Furthermore,
a score containing markers that remained significant in
all models was computed by addition of ln-transformed
and z-scored proteins followed by an additional standardisation (z-score transformation), and entered in the
model. All analyses were carried out using SPSS V.25.0.
Results
A complete list containing all proteins and their unadjusted associations with incident AF is available as online
supplementary material. At baseline, subjects with prevalent AF were more often receiving antihypertensive
Molvin J, et al. Open Heart 2020;7:e001190. doi:10.1136/openhrt-2019-001190
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Multiplex CVD III, consisting of 78 novel proteins and
14 proteins overlapping with the Proseek Multiplex
CVD I, all with proposed involvement in inflammation/
immunity, cardiovascular disease and metabolism, with
the purpose to explore new potential pathophysiological
pathways and biomarkers for incident AF in a Swedish
population-based cohort.
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All subjects n=1694

Subjects without prevalent
AF n=1599

Age (years)
Sex (n female (%))

67.5 (±6.0)
502 (29.6)

67.3 (±6.0)
475 (29.7)

70.4 (±5.6)
27 (28.4)

<0.001
0.870

Smoking (n (%))

298 (17.6)

287 (17.9)

11 (11.6)

0.143

AHT (%)

798 (47.1)

714 (44.7)

84 (88.4)

<0.001

2

Subjects with prevalent
AF n=95
P value

BMI (kg/m )

28.3 (±4.3)

28.3 (±4.3)

28.5 (±4.3)

0.542

SBP (mm Hg)

146.6 (±20.2)

147.1 (±20.2)

138.5 (±18.3)

<0.001

Prevalent diabetes (n (%))

683 (40.3)

639 (40.0)

44 (46.3)

0.188

Prevalent CVD (n (%))
Prevalent HF (n (%))

185 (10.9)
31 (1.8)

156 (9.8)
16 (1.0)

29 (29.6)
15 (15.8)

<0.001
<0.001

Values are displayed as means (±SD) or, for skewed variables, medians and IQR (25–75).
AF, atrial fibrillation; AHT, antihypertensive treatment; BMI, body mass index; CVD, cardiovascular disease; HF, heart failure; SBP, systolic
blood pressure.

treatment (AHT) and were more likely to have prevalent
cardiovascular disease (CVD), especially chronic heart
failure (table 1). Subjects who experienced incident AF
during follow-up were at baseline older, had greater BMI,
were more often receiving AHT, and more often had
prevalent diabetes and CVD (table 2).
Mean follow-up time was 9.7±3.1 years. After Bonferroni correction, 11 proteins were significantly associated
with incident AF (278 events) in crude Cox regression
models: fatty-
acid binding protein 4 (FABP4), growth
differentiation factor 15 (GDF-15), matrix metalloproteinase-2 (MMP-2), urokinase receptor (UPAR), osteopontin (OPN), galectin 4 (GAL-4), insulin-like growth
factor-
binding protein 7 (IGFBP-7), paraoxonase 3
(PON3), tumour necrosis factor receptor 1 (TNFR1),
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and chitinase-3-like protein 1 (CHI3L1) (table 3). These
proteins were then further analysed in age-adjusted and
sex-adjusted models (table 3), and when further adjusted
for BMI, SBP, smoking status, prevalent diabetes mellitus,

prevalent coronary events, prevalent heart failure and
AHT, five proteins (MMP-2, UPAR, OPN, IGFBP-7 and
NT-proBNP) remained significantly associated with incident AF (table 3).
MMP-2, UPAR, OPN and IGFBP-7 were further
adjusted by entering NT-proBNP in the model, which
resulted in still significant associations between MMP-2
(HR 1.15 (95% CI 1.01 to 1.31), p=0.031) and OPN
(HR 1.19 (95% CI 1.04 to 1.35), p=0.009) with incident
AF. A score of MMP2 and OPN was then entered in
model 3 (HR 1.26 (95% CI 1.11 to 1.44), p=0.001). In
order to investigate the additive predictive value of the
biomarkers that remained associated with incident AF in
the NT-proBNP adjusted model, we created a z-score of
MMP2 and OPN which was entered in model 3 (HR 1.26
(95% CI 1.11 to 1.44), p=0.001). Further, NT-proBNP
was entered on top of model 3, and the z-score of MMP-2
and OPN remained significantly associated with incident AF (HR 1.63 (95% CI 1.42 to 1.88), p=6.5×10−12).
Kaplan-Meier curves presenting incidence of AF within

Table 2 Baseline characteristics of study participants with and without incident atrial fibrillation at baseline examination
All subjects n=1599

Subjects without incident
AF n=1321

Age (years)
Sex (n female (%))

67.3 (±6.0)
 475 (29.7)

66.8 (±6.0)
 401 (30.4)

Smoking (n (%))

 287 (17.9)

 244 (18.5)

 43 (15.5)

0.661

AHT (%)

 714 (44.7)

 552 (41.8)

 162 (58.3)

<0.001

28.3 (±4.3)

28.0 (±4.2)

29.5 (±4.9)

<0.001

BMI (kg/m2)

Subjects with incident AF
n=278
69.7 (±5.3)
 74 (26.6)

P value
<0.001
0.205

SBP (mm Hg)

147.1 (±20.2)

147.1 (±20.2)

147.2 (±20.3)

Prevalent diabetes (n (%))

 639 (40.0)

 500 (37.9)

 139 (50.0)

<0.001

0.959

Prevalent CVD (n (%))
Prevalent HF (n (%))

 156 (9.8)
 16 (1.0)

 116 (8.8)
 11 (0.8)

 40 (14.4)
 5 (1.8)

0.004
0.081

Values are displayed as means (±SD) or, for skewed variables, medians and IQR (25–75).
AF, atrial fibrillation; AHT, antihypertensive treatment; BMI, body mass index; CVD, cardiovascular disease; HF, heart failure; SBP, systolic
blood pressure.
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Table 1 Baseline characteristics of study participants with and without prevalent atrial fibrillation at baseline examination

Open Heart

HR (95% CI)
Model 1

HR (95% CI)
P value

P value

P value

1.95 (1.75 to 2.19)
1.38 (1.22 to 1.56)

5.1×10
4.2×10–7

1.80 (1.60 to 2.04)
1.27 (1.12 to 1.44)

3.2×10
2.2×10–4

1.80 (1.58 to 2.04)
1.27 (1.12 to 1.44)

1.2×10–19
2.7×10–4

MMP-2

1.29 (1.14 to 1.47)

6.6×10–5

1.20 (1.21 to 1.84)

0.004

1.22 (1.07 to 1.39)

0.002

IGFBP-7

1.27 (1.12 to 1.43)

–4

1.2×10

1.18 (1.05 to 1.33)

0.007

1.15 (1.02 to 1.29)

0.026

UPAR

1.30 (1.15 to 1.47)

3.7×10–5

1.20 (1.05 to 1.36)

0.006

1.16 (1.02 to 1.32)

0.028

1.27 (1.13 to 1.44)

–5

1.36 (1.19 to 1.55)

9.0×10

1.14 (0.98 to 1.32)

0.098

–9

8.6×10

–21

Model 3

NT-proBNP
OPN

FABP4

–32

HR (95% CI)

Model 2

–6

GDF-15

1.41 (1.25 to 1.59)

9.7×10

1.22 (1.07 to 1.38)

0.003

1.141 (0.97 to 1.27)

0.126

GAL-4

1.30 (1.15 to 1.47)

3.5×10–5

1.21 (1.07 to 1.37)

0.003

1.09 (0.95 to 1.24)

0.220

CHI3L1

1.26 (1.12 to 1.43)

–4

1.4×10

1.15 (1.02 to 1.30)

0.021

1.07 (0.95 to 1.22)

0.257

TNFR1
PON3

1.26 (1.12 to 1.42)
0.80 (0.72 to 0.89)

1.6×10–4
7.3×10–5

1.14 (1.01 to 1.29)
0.82 (0.73 to 0.92)

0.035
0.001

1.07 (0.94 to 1.21)
0.94 (0.83 to 1.11)

0.297
0.298

Values are HRs and 95% CI for incident atrial fibrillation. Model 1 is unadjusted. Model 2 is age and sex adjusted. Model 3 is further adjusted
for body mass index, systolic blood pressure, smoking status, prevalent diabetes mellitus, prevalent coronary events, prevalent heart failure
and antihypertensive treatment.
CHI3L1, chitinase-3-like protein 1; FABP4, fatty-acid binding protein 4; GAL-4, galectin 4; GDF-15, growth differentiation factor 15; IGFBP-7,
insulin-like growth factor-binding protein 7; MMP-2, matrix metalloproteinase-2; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OPN,
osteopontin; PON3, paraoxonase 3; TNFR1, tumour necrosis factor receptor 1; UPAR, urokinase receptor.

quartiles of MMP-2, OPN and NT-proBNP are presented
in figure 1.
In multivariable logistic regression models, the 11
proteins that were associated with incident AF after
Bonferroni correction in the crude analysis were
explored for associations with prevalent AF at the time
of MPP-RES. In the fully adjusted model, NT-proBNP
and PON3 were significantly associated with prevalent
AF (table 4). The association between PON3 and lower
prevalence of AF remained significant after further addition of NT-proBNP to the model (OR 0.72; 95% CI 0.57
to 0.91; p=0.006).
ROC analyses and Harrell’s concordance index
The ROC analyses for the proteins that remained significantly associated with incident AF in model 3 after
adjusting for NT-proBNP were as follows: the AUC for
NT-proBNP was 0.692 (95% CI 0.659 to 0.725); p<0.001.
For MMP-2, the AUC was 0.554 (95% CI 0.516 to 0.592;
p=0.005) and 0.576 (95% CI 0.540 to 0.613; p<0.001) for
OPN. The z-score of MMP-2 and OPN yielded an AUC of
0.568 (95% CI 0.531 to 0.606; p<0.001).
Next, we carried out calculations of Harrell’s C-statistics
for evaluation of overall adequacy of risk prediction procedures in the Cox regression model including traditional
risk factors (age, sex, BMI, SBP, smoking status, prevalent
diabetes mellitus, prevalent coronary events, prevalent
heart failure and antihypertensive treatment) for prediction of incidence of AF, which yielded a C-index of 0.693.
An addition of any one of the 11 proteins associated
with incident AF in model 2 resulted in a gain in C-statistics that ranged from 0 to 5.7 percentage units, with
NT-proBNP with the highest percentage unit (table 5).
The addition of the z-score from MMP-2 and OPN on top
4

of model 3 and NT-proBNP yielded a score of 0.753, as
compared with 0.750 in the model with only NT-proBNP.
Discussion
In this community-based sample of 1694 older individuals
without prevalent AF, we could confirm the well-known
association of NT-
proBNP as a strong independent
marker for incident AF. Beyond that, we were able to
identify MMP-2 and OPN as novel proteins with associations with incident AF independently of both clinical risk
factors and NT-proBNP. By analysing proteins’ associations with both prevalence and incidence of AF, we were
aiming to explore which proteins that are associated both
with manifest disease (prevalent AF) and which proteins
are associated with a higher risk of development of the
condition. In cross-sectional analyses, PON3 was associated with lower prevalence of AF even after additional
adjustment for NT-proBNP, but not with incidence of AF
at follow-up. Contrary to Lind et al7 who used a similar
proteomics approach (Proseek Multiplex CVD I), with 14
proteins overlapping between the Proseek Multiplex CVD
III panel used in this study, we found no significant associations for growth differentiation factor 15 and fatty-acid
binding protein 4 after full adjustment. Further, Lind et
al also found interleukin-6, T-cell immunoglobulin and
mucin domain 1, adrenomedullin and fibroblast growth
factor 23 to be predictive of incident AF. However, due to
differences in the two proteomic approaches, the latter
markers were not available in our dataset. Both the study
by Lind et al and the present study confirmed NT-proBNP
as a strong predictive marker of incident AF.
The proteins that remained significantly associated
with incident AF in after adjustment for NT-proBNP on
Molvin J, et al. Open Heart 2020;7:e001190. doi:10.1136/openhrt-2019-001190
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Table 3 Cox regression analysis examining the relation of proteins with incident atrial fibrillation
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top of other risk factors (MMP-2 and OPN) showed poor
discrimination (MMP-2 AUC: 0.554; OPN AUC: 0.576)
and poor predictive add-on value (0.5 and 0.8 percentage
units increase, respectively). Nevertheless, the aim of this
study was to explore possible novel pathophysiological
pathways leading up to incident AF, rather than identifying new predictors.
N-terminal pro-B-type natriuretic peptide
Natriuretic peptides (both NT-proBNP and mid-regional
atrial natriuretic peptide) have been shown to predict
AF in several studies, in both general populations and
various clinical settings.4 14–17 Our study confirms these
findings in a general, Swedish population.
Matrix metalloproteinase-2
MMP-2 is an enzyme capable of breaking down the
extracellular matrix and is, along with its endogenous
inhibitor, tissue inhibitors of MMP (TIMPs), considered
Molvin J, et al. Open Heart 2020;7:e001190. doi:10.1136/openhrt-2019-001190

crucial in the remodelling of cardiac extracellular
matrix.18 Selective downregulation of TIMP-2 along with
upregulation of MMP-2 in the atrium may be associated with AF in patients with cardiomyopathy and heart
failure.19 Elevated MMP-2 levels are also associated with
an increased risk of refractory AF after cardioversion,20
catheter ablation21 and maze procedures.22
Consequently, it has been suggested that biomarkers
of atrial remodelling, such as MMP-2, along with echocardiographic or MRI of the atria can be used to identify which patients would benefit from a rhythm-control
strategy (eg, ablation) which would be of great clinical
value to the treating physicians and ultimately the patient
suffering from AF.23
Osteopontin
OPN is a multifunctional bone tissue extracellular matrix
protein and is involved in several physiological (tissue
5
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Figure 1 Illustration of MMP-2, OPN and NT-proBNP, and incidence of atrial fibrillation. (A) Incidence of atrial fibrillation within
quartiles of matrix metalloproteinase-2 (MMP-2). (B) Incidence of AF within quartiles of osteopontin (OPN). (C) Incidence of AF
within quartiles of N-terminal pro-B-type natriuretic peptide (NT-proBNP). Q1=quartiles with lowest values; Q4=quartile with
highest values. MMP-2 levels within quartiles (median (IQR 25–75)): Q1 2.4 (2.2–2.5); Q2 2.9 (2.8–3.0); Q3 3.2 (3.1–3.3); Q4 3.7
(3.5–3.9). OPN levels within quartiles (median (IQR 25–75)): Q1 3.8 (3.6–4.0); Q2 4.4 (4.2–4.6); Q3 4.8 (4.7–4.9); Q4 5.3 (5.1–5.5).
NT-proBNP levels within quartiles (median (IQR 25–75)): Q1 4.0 (3.0–5.0); Q2 8.0 (7.0–10.0); Q3 16.0 (14.0–19.0); Q4 36.0 (27.5–
60.5).

Open Heart

OR (95% CI)

OR (95% CI)

Model 1

P value
–35

OR (95% CI)

Model 2

P value
–32

Model 3

P value

NT-proBNP
PON3

4.24 (3.37 to 5.33)
0.65 (0.54 to 0.78)

3.56×10
2.75×10–6

4.38 (3.42 to 5.61)
0.66 (0.55 to 0.80)

9.81×10
1.16×10–5

3.83 (2.93 to 5.02)
0.68 (0.55 to 0.84)

1.71×10–22
3.15×10–4

TNFR1

1.11 (0.90 to 1.35)

0.324

0.95 (0.77 to 1.18)

0.658

0.80 (0.63 to 1.00)

0.050

–4

IGFBP-7

1.49 (1.22 to 1.83)

1.24×10

1.37 (1.11 to 1.68)

0.003

1.21 (0.96 to 1.51)

0.102

FABP4

1.51 (1.23 to 1.86)

8.73×10–5

1.49 (1.19 to 1.87)

0.001

1.17 (0.90 to 1.53)

0.247

OPN

1.38 (1.11 to 1.71)

0.004

1.23 (0.99 to 1.54)

0.065

1.13 (0.90 to 1.43)

0.300

MMP-2

1.33 (1.07 to 1.66)

0.011

1.20 (0.96 to 1.50)

0.110

1.10 (0.87 to 1.40)

0.420

GAL-4

1.38 (1.11 to 1.71)

0.003

1.23 (0.98 to 1.53)

0.068

0.95 (0.74 to 1.21)

0.661

UPAR

1.30 (1.05 to 1.60)

0.014

1.13 (0.91 to 1.41)

0.267

0.95 (0.75 to 1.21)

0.672

GDF-15
CHI3L1

1.51 (1.24 to 1.85)
1.21 (0.99 to 1.48)

4.73×10–5
0.066

1.27 (1.02 to 1.58)
1.07 (0.87 to 1.33)

0.033
0.505

1.03 (0.80 to 1.33)
0.99 (0.79 to 1.24)

0.813
0.931

Values are ORs and 95% CI for prevalent atrial fibrillation. Model 1 is unadjusted. Model 2 is age and sex adjusted. Model 3 is further
adjusted for body mass index, systolic blood pressure, smoking status, prevalent diabetes mellitus, prevalent coronary events, prevalent
heart failure and antihypertensive treatment.
CHI3L1, chitinase-3-like protein 1; FABP4, fatty-acid binding protein 4; GAL-4, galectin 4; GDF-15, growth differentiation factor 15; IGFBP-7,
insulin-like growth factor-binding protein 7; MMP-2, matrix metalloproteinase-2; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OPN,
osteopontin; PON3, paraoxonase 3; TNFR1, tumour necrosis factor receptor 1; UPAR, urokinase receptor.

regeneration, bone remodelling) and pathological
processes.24 OPN has also been shown to be an independent predictor of future adverse cardiac events25 and
suggested to play an integral role in the inflammatory
Table 5 Harrell’s C-statistics for evaluation of overall
adequacy of risk prediction procedures
Protein

Model 3 vs model with add-
on of each protein

GDF-15
MMP-2

0.693 vs 0.694
0.693 vs 0.698

UPAR

0.693 vs 0.695

OPN

0.693 vs 0.701

IGFBP-7

0.693 vs 0.696

PON3

0.693 vs 0.693

TNFR1

0.693 vs 0.693

NT-p roBNP

0.693 vs 0.750

CHI3L1

0.693 vs 0.693

FABP-4

0.693 vs 0.696

GAL-4
Z-score

0.693 vs 0.694
0.693 vs 0.701

Model 3 is adjusted for age, sex, body mass index, systolic blood
pressure, smoking status, prevalent diabetes mellitus, prevalent
coronary events, prevalent heart failure and antihypertensive
treatment.
CHI3L1, chitinase-3-like protein 1; FABP4, fatty-acid binding
protein 4; GAL-4, galectin 4; GDF-15, growth differentiation factor
15; IGFBP-7, insulin-like growth factor-binding protein 7; MMP-2,
matrix metalloproteinase-2; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; OPN, osteopontin; PON3, paraoxonase 3;
TNFR1, tumour necrosis factor receptor 1; UPAR, urokinase
receptor.
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atherosclerotic process, making it a marker for vascular
calcification with diagnostic and therapeutic implications.26 In our study, elevated OPN levels were associated
with incident AF which is in line with previous studies
showing that elevated pre-
procedure levels of OPN
resulted in increased persistence and recurrence of AF in
patients undergoing catheter ablation therapy for AF.27
Furthermore, aforementioned MMP-2 and its expression can also be induced by OPN through a NF-κB-
dependent mechanism18 suggesting a synergistic effect
between inflammatory mediators in AF.
Paraoxonase 3
PON3 belongs to the family of serum paraoxonases,
consisting of PON1, PON2 and PON3. All three isoforms
have been proposed to be involved in CVD due to their
antioxidative and anti-atherogenic effects, as well as their
ability to attenuate lipid oxidation.28 29 In the present
study, increase in PON3 was associated with lower prevalence of AF. These findings might be explained by the
fact that lipoprotein properties are severely impaired in
subjects with AF, presumably owing to impaired antioxidant ability of paraoxonase in high-density lipoproteins.30
PON3 was, however, not significantly associated with incidence of AF in our fully adjusted model.
Study strengths and limitations
The use of a well-characterised, prospective cohort with
many participants and a long follow-up time is a significant strength of the current study. Furthermore, we used
nationwide registers with empirically satisfactory coverage
and accuracy; however, asymptomatic and/or non-
registered cases of AF may very well have gone by undetected. We could not completely exclude confounding
Molvin J, et al. Open Heart 2020;7:e001190. doi:10.1136/openhrt-2019-001190
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Table 4 Logistic regression analysis examining the relation of proteins with prevalent atrial fibrillation

Arrhythmias and sudden death

Clinical perspective
AF is encountered on a daily basis in most clinical cardiology practices and its presentation and presence ranges
from asymptomatic, to palpitations, to the life-changing
stroke or in some cases even death. The sheer prevalence
of AF, which is increasing with the ageing population,
and its sometimes-deceptive existence with possible dire
consequences compel further research into novel pathophysiological pathways and biomarkers.
Conclusions
In a general Swedish population, we could replicate
NT-proBNP as a powerful independent risk marker of
incident AF, while MMP-2 and OPN presented themselves as novel, independent risk markers for incident AF.
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