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ORIGINAL ARTICLE

Screening of biomarkers for prediction of multisite artery disease in patients
with recent myocardial infarction

Birgitta J€onelida, Christina Christerssona, P€ar Hedbergb, Jerzy Leppertc, Bertil Lindahla,d, Lars Lindhagend,
Jonas Oldgrena,d and Agneta Siegbahne

aDepartment of Medical Sciences, Cardiology, Uppsala University, Uppsala, Sweden; bDepartment of Clinical Physiology, Uppsala University,
V€astmanland County Hospital, V€asterås, Sweden; cCentre for Clinical Research, Uppsala University, V€astmanland County Hospital, V€asterås,
Sweden; dUppsala Clinical Research Center, Uppsala University, Uppsala, Sweden; eDepartment of Medical Sciences, Clinical Chemistry,
Uppsala, Sweden

ABSTRACT
A few studies have examined biomarkers in patients with myocardial infarction (MI) and peripheral
artery disease (PAD), i.e. multisite artery disease (MSAD). The aim of the study was firstly, to associate
biomarkers with the occurrence of PAD/MSAD and secondly, if those can, in addition to clinical charac-
teristics, identify MI patients with MSAD.In two prospectively observational studies including unse-
lected patients with recent MI, PAD was defined as an abnormal ankle–brachial index (ABI) score (<0.9
or >1.4). The proximity extension assay (PEA) technique was used, simultaneously analyzing 92 bio-
markers with association to cardiovascular disease. Biomarkers were tested for univariate associations
with PAD. Random forest was used to identify biomarkers with a higher association to PAD. The add-
itional discriminatory accuracy of adding biomarkers to clinical characteristics was analyzed by the c-
statistics. Nine biomarkers were identified as significantly associated with MSAD/PAD in the primary
patient cohort, analyzed early after the MI. In the prediction analysis, six biomarkers were identified
associated with PAD. Three of these; Tumor necrosis factor receptor (TNFR-1), Tumor necrosis factor
receptor 2 (TNFR-2) and Growth Differentiation Factor 15 (GDF-15) improved c-statistics when added
to clinical characteristics from 0.683 (95% CI 0.610–0.756) to 0.715 (95% CI 0.645–0.784) in the primary
patient cohort with a similar result, 0.729 (95% CI 0.687–0.770) to 0.752 (95% CI 0.771–0.792) in the
secondary patient cohort. Biomarkers associated with inflammatory pathways are associated with
MSAD in MI patients. Three biomarkers of 92; TNFR-1, TNFR-2 and GDF-15, in this exploratory added
information in the prediction of MSAD and emphasis the importance of further studies.
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Introduction

Atherosclerosis is a systemic disease that often occurs in
more than one location, i.e. multisite artery disease
(MSAD). In patients with coronary artery disease (CAD),
those with more widespread atherosclerosis have worse car-
diovascular (CV) outcomes than patients with CAD alone
[1]. Peripheral artery disease (PAD) is common in patients
with CAD with a varying prevalence (12–29%) and associ-
ated with a worse outcome than CAD alone [2–6]. A differ-
ence in pathophysiology in different locations of
atherosclerosis may be of importance [7]. Moreover, bio-
markers reflecting different pathophysiologic mechanisms
may be associated with PAD [8,9]. For example, some data
suggest that inflammatory activity is higher in patients with
PAD compared to CAD [10], but the overall importance of
biomarkers is not well described.

In patients with the acute coronary syndrome (ACS) the
ability to verify diagnosis with measurement of biomarkers,

and their rise and fall, is well known [11]. The primary aim
of this exploratory study was to evaluate whether bio-
markers are associated with the occurrence of PAD, as a
measure of MSAD when evaluated early after a myocardial
infarction (MI). The second aim was to evaluate if those
biomarkers, in addition to clinical characteristics, could
identify MI patients with MSAD.

Patients and methods

Subjects

REBUS study
Three-hundred and ninety out of 421 consecutive patients
with non-ST-elevation myocardial infarction (NSTEMI) or
ST-elevation myocardial infarction (STEMI) included in the
REBUS study (relevance of biomarkers for future risk of
thromboembolic events in unselected post-myocardial
infarction patients) with the examination of coronary and

CONTACT Birgitta J€onelid birgitta.jonelid@medsci.uu.se Department of Cardiology, Uppsala University Hospital, Uppsala, 75185, Sweden
Supplemental data for this article can be accessed online at https://doi.org/10.1080/00365513.2021.1921839

� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION
2021, VOL. 81, NO. 5, 353–360
https://doi.org/10.1080/00365513.2021.1921839

http://crossmark.crossref.org/dialog/?doi=10.1080/00365513.2021.1921839&domain=pdf&date_stamp=2021-08-31
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.tandfonline.com


peripheral arteries were included in the present study.
REBUS was a single-center observational study carried out
at the Department of Cardiology at Uppsala University
Hospital, Sweden [12]. MI was diagnosed according to the
third universal definition [13]. The patients were included
3–5 days after the index MI and followed up for two years.
An early follow-up visit was performed at 2–3 weeks after
inclusion in the study, and subsequent follow-up visits were
at 3, 12, and 24 months after the index event. Information
of baseline demographics, including co-morbidities and
blood samples, were collected at inclusion. The study was
approved by the local ethical committee and conducted in
accordance with the ethical principles of the Declaration of
Helsinki (Dnr 2009/210).

VaMIS study
The cohort for validation of the biomarker data in the
REBUS study was 766 out of 1008 participants in the
VaMIS (V€astmanland Myocardial Infarction Study) [1]. All
patients �18 years of age, diagnosed with an acute MI, and
admitted to the coronary care unit of V€astmanland County
Hospital, V€asterås Sweden, were eligible for inclusion [1].
MI was diagnosed according to the criteria by electrocardio-
gram and troponin I level as the biomarker criterion [13].
The patient’s medical history and lifestyle were assessed
through a standard questionnaire during the index hospital-
ization. The self-reported data was confirmed from medical
records. Blood samples were obtained at admission to the
hospital. The study complied with the Declaration of
Helsinki. The study was approved by the local ethical com-
mittee (Dnr 2005/169).

Evaluation of atherosclerosis
Atherosclerosis in the vascular beds was categorized as pre-
viously described in detail [1,2]. In summary, coronary
artery disease was classified from coronary angiography
findings as normal (0–29%), non-significant stenosis
(30–50%), or significant stenosis (>50%), and/or occlusion.
The patients in the REBUS cohort were then categorized
into two groups: normal findings or abnormal findings
including non-significant and significant stenosis or occlu-
sion. In the VaMIS cohort irregularities between 0–20%
were classified as normal. PAD was evaluated in all patients
by measuring the ankle–brachial index (ABI) at rest, 2–3
weeks after the index event in REBUS and within 25 days of
enrollment in VaMIS. ABI was calculated by dividing the
highest ankle systolic blood pressure in each leg by the
highest brachial systolic pressure and PAD was defined as
an abnormal ABI score (<0.9 or >1.4) in at least one leg
[14]. MSAD was defined as patients with the simultaneous
presence of clinically relevant atherosclerotic lesions in at
least two major vascular territories. In the present study
where all patients had an MI and had PAD, these patients
were defined as having MSAD.

Blood sampling
Rebus. Blood samples were collected in EDTA plasma tubes
by direct puncture with no stasis at inclusion in the study,
3–5 days after index MI and at a follow-up 3 months after
the index event. The tubes were centrifuged at 2000 g for
10min and the plasma was stored within 2 h in �80 �C until
further analysis.

VaMIS. Blood samples were collected at admission to the
hospital in 5ml lithium heparin-coated vacuum tubes. The
tubes were centrifuged at 2000 g for 10min. Plasma was fro-
zen and stored at �70 �C within 2 h until further analysis.

Proteomics

Measurement of protein biomarkers in plasma in the
REBUS cohort was performed using the Target 96 Multiplex
CVD III 96�96 proximity extension assay (PEA), and in
VaMIS the Target 96 Multiplex CVD I 96�96 kit (both Olink
Proteomics, Uppsala, Sweden; www.olink.com/products/cvd-
I and cvd-III-panel), both described earlier [15–17], at the
Clinical Biomarkers Facility, Science for Life Laboratory,
Uppsala University, Uppsala, Sweden. The CVD III and
CVD I assay measures together 184 proteins related to car-
diovascular disease; however, 34 of these proteins are over-
lapping between the two panels. The plasma tubes differ in
the two populations, with lithium heparin plasma in the
VaMIS cohort and EDTA plasma in the Rebus study. In the
PEA technique heparin is diluted to a minimal concentra-
tion in the first steps of the assay and thus the influence of
the heparin does not affect the results in the analyses.
Therefore, the results from the EDTA and lithium heparin
samples are comparable. The PEA technology uses pairs of
antibodies that are equipped with DNA reporter molecules.
Target binding of both antibodies in pair generates double-
stranded DNA amplicons which are quantified using a
Fluidigm Biomark HD real-time PCR platform. The PEA
technique has a major advantage in that only correctly
matched antibody pairs give rise to a signal, yielding an
exceptionally high specificity and sensitivity [18,19]. This
platform provides normalized protein expression (NPX)
data where a high protein value corresponds to a high pro-
tein concentration but not an absolute quantification. The
method has reproducibility and repeatability with mean
intra-assay and inter-assay coefficients of variation of 8%
and 12% [18].

Statistics

For the primary analyses, the REBUS study was used as the
discovery sample and the VaMIS was used only for the val-
idation analyses. Differences in baseline characteristics are
presented as median and range for continuous variables,
and frequency and percentage for categorical values. A total
of 92 biomarkers (CVD III panel) were included in the stat-
istical analyses. The very few missing values (two for elafin
and cathepsin D) were filled by single imputation [20] using
chained equations, with age, gender and all biomarkers as
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predictors. Biomarkers were tested for univariate association
with PAD using Mann–Whitney tests. To correct for multi-
plicity, we used permutation [21] methods.

In the prediction model, we used all biomarkers simul-
taneously, to identify patients with PAD, as a measure of
patients with MSAD. Taken into consideration that there
are few patients for the number of predictors, standard logis-
tic regression is likely to lead to severe overfitting. Instead,
we used random forest, a flexible machine learning technique
that builds prediction models by averaging over a large num-
ber of classification trees, built by the recursive binary split-
ting of the biomarkers. Heterogeneity between trees is
induced by a combination of bootstrap and random selection
of biomarker split candidates. This statistical method also
corrects for multiplicity, for details, see reference [22]. The
Random forest also gives a variable importance plot, ranking
the predictors according to how valuable they have been in
predicting the outcome, i.e. patients with PAD as a measure
of MSAD. As a performance measure of the Random forest,
we computed the c-statistics. From the plot of variable
importance, a number of biomarkers with a higher discrimin-
atory accuracy (i.e. the ones nearest 100%) were chosen and
validated in the VaMIS cohort. In CVD I (VaMIS cohort)
the values of the biomarkers were standardized within the
OLINK panels. The purpose of the validation was to assess if
the predictive ability, adding the selected biomarker to the
clinical characteristics, as measured by the c-statistics, had a
similar increase in both cohorts. In the validation step, three
levels of adjustment were calculated using logistic regression;
Model I with age, sex, smoking, hypertension, diabetes as
clinical characteristics. Model II included the above-
mentioned characteristics and a biomarker one by one.
Model III included the risk factors and the group of three
biomarkers. Odds ratios (ORs) for clinical characteristics
from these validation models were compared to assess poten-
tial differences between the two cohorts. All statistical analy-
ses were performed in R, cf. Section 13.

Results

Baseline characteristics of the patient cohorts

The clinical characteristics of the REBUS and VaMIS
cohorts are shown in Table 1. In the REBUS cohort, the
median age was 66.8 years with no difference between the
sexes. Twenty-seven (31.0%) of the women were smokers
and 25 (28.7%) had an abnormal ABI compared to men 72
(23.8%) and 53 (17.5%) respectively. Compared to the

REBUS cohort the patients in VaMIS, especially women,
were older. There were fewer patients with hypertension
and fewer smokers and a larger proportion of NSTEMI.

Biomarkers associated with multisite artery disease

The biomarkers associated with MSAD were identified in
the REBUS cohort. In the univariate analyses comparing the
profile of all the 92 biomarkers in the CVD III chip in the
samples collected in inclusion (3–5 days after the index MI)
in the REBUS cohort, there was a significant difference
overall (p< .001) between the patients with and without
MSAD. The following individual biomarkers were highly
significant; Tumor necrosis factor superfamily member 14
(TNFRSF-14), Tumor necrosis factor receptor 1 (TNFR-1),
Tumor necrosis factor receptor 2 (TNFR-2), Growth differ-
entiation factor 15 (GDF-15), Urokinase plasminogen activa-
tor surface receptor (UPAR), Fatty acid-binding protein
adipocyte (FABP-4), NT-pro BNP, Cystatin B (CSTB),
Chitinase-3-like protein 1(CHI3L-1) (Supplement Figure 1).
The estimator of the Cumulative Distribution Function
(ECDF) plots for each biomarker are presented in Figure 1.
When biomarkers were analyzed after 3 months there was
less difference between patients with and without MSAD,
but the biomarkers described above were still at the top of
the biomarkers with most differences (Supplement
Figure 2).

Biomarkers for prediction of MSAD

In blood samples collected at inclusion, we identified six
biomarkers in REBUS with a higher association to predict
MSAD, and these were also available for validation in the
VaMIS cohort; TNFRSF-14, TNFR-1, TNFR-2, GDF-15,
Interleukin-6 receptor subunit alpha (IL-6 RA), Cathepsin D
(CTSD). Results of the Random Forest analyses of the bio-
markers in the prediction model are shown in Figure 2.

The discriminatory accuracy of adding one biomarker at
a time to the clinical characteristics as analyzed by the c-sta-
tistics is shown in Table 2. TNFRSF-14, TNFR-1, TNFR-2
and GDF-15 appeared to have an additive value with slightly
higher c-statistics (Table 2). When adding the three bio-
markers, TNFR-1, TNFR-2 and GDF-15, to clinical charac-
teristics, the c-statistics improved from 0.683 (95% CI,
0.610, 0.756) to 0.715 (95% CI, 0.645, 0.784)

Table 1. Clinical characteristic in the REBUS and the VaMIS cohort.

REBUS VaMIS
Variable
N (%)

Female
N¼ 87(22.3)

Male
N¼ 303(77.7)

Combined
N¼ 390

Female
N¼ 227(29.6)

Male
N¼ 539(70.4)

Combined
N¼ 766

Age, median (min-max) 67.7 (39–88) 66.0 (39–95) 66.8 (39–95) 72.3 (41–92) 67.4 (38–92) 68.5 (38–92)
Diabetes mellitus 12 (13.8) 49 (16.2) 61 (15.6) 38 (16.7) 90 (16.7) 128 (16.7)
Hypertension 46 (52.9) 163 (53.8) 209 (53.6) 124 (54.6) 241 (44.7) 365 (47.7)
Smoking, yes 27 (31.0) 72 (23.8) 99 (25.4) 57 (25.1) 119 (22.1) 176 (23.0)
ABI, abnormal 25 (28.7) 53 (17.5) 78 (20.0) 56 (24.7) 119 (22.1) 175 (22.8)
NSTEMI 53 (60.9) 152 (50.2) 205 (52.6) 146 (64.3) 336 (62.3) 482 (62.9)
STEMI 34 (39.1) 151 (49.8) 185 (47.4) 81 (35.7) 203 (37.7) 284 (37.1)

ABI: Ankle-brachial index; NSTEMI: non-st-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction.
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Biomarker validation in the VaMIS cohort

The ECDF plots for the six selected biomarkers, collected at
the admission of the patients (TNFRSF-14, TNFR-1, TNFR-
2, GDF-15, IL 6-RA, CTSD), are presented in Figure 3.

The discriminatory accuracy of adding one biomarker
(selected as described) at a time to the clinical characteristics
in the VaMIS cohort, as analyzed by the c-statistics is shown
in Table 2. Of the six biomarkers identified in the REBUS
cohort, three could be validated in the VaMIS cohort with a
similar pattern with an improvement in c-statistics in both
the REBUS and the VaMIS cohort; TNFR-1, TNFR-2 and
GDF 15 (Table 2). When adding these three biomarkers c-
statistics increased from 0.729 (95% CI, 0.867, 0.770) to
0.752 (95% CI, 0.711, 0.792), with a similar pattern in
VaMIS, as in the REBUS cohort (Table 2).

Discussion

In the present study, using PAD as a measurement of
MSAD, we found a significant difference in the profile of

biomarkers in MI patients with and without MSAD, both
when analyzed early after the MI and after 3 months. Six
biomarkers linked to atherosclerosis and inflammation were
identified to predict MSAD in MI patients and three of
these biomarkers (TNFR-1, TNFR-2, GDF-15) seem to have
an additional value to clinical characteristics to better pre-
dict MSAD as an outcome when validated in a similar
patient cohort. Adding the three biomarkers, as a group, to
clinical characteristics increased the c-statistics more com-
pared to a single biomarker.

Clinical characteristics

In clinical characteristics at baseline, there was a difference
in the contribution of comorbidities to the prediction of
MSAD in our MI cohorts. Although there were fewer
patients with hypertension and fewer smokers in the VaMIS
cohort, both conditions seemed more important to the out-
come compared to the REBUS cohort. The most important
explanation was a higher age in the VaMIS cohort,

Figure 1. Empirical cumulative density function (ECDF) plots of the significant biomarkers: TNFRSF-14: tumor necrosis factor receptor superfamily member 14;
TNFR-1: tumor necrosis factor receptor 1; TNFR-2: tumor necrosis factor receptor 2; GDF-15: growth differentiation factor 15; UPAR: urokinase plasminogen activator
surface receptor; FABP-4: fatty acid-binding protein adipocyte; Nt-pro BNP, CSTB, Cystatin B, CHI3L, chitinase-3-like protein 1, in the univariate analysis in patients
with and without multisite artery disease (MSAD), as measured by peripheral artery disease. Patients with MSAD showed a red dotted line and patients without
MSAD with a green dotted line.
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especially among women, and age with the development of
less compliant vessels is a well-known risk factor for cardio-
vascular complications [23]. There is some evidence that
even if patients with MSAD are well treated with secondary
prevention the risk for new CV events in these patients is
not attenuated, part of the explanation could be an
increased inflammatory burden [9,10].

Biomarkers

To identify patients with CAD and PAD with their many
common risk factors and future risk for CV events, measur-
ing ABI is a simple and highly available method in daily
clinical life. Despite this possibility, it is important to further
understand all aspects of the role of inflammation in athero-
sclerotic disease, as in this exploratory study.

With increasing evidence that the immune system partic-
ipates in atherosclerosis [24,25] with inflammation as an
emerging risk factor, many biochemical biomarkers are
under investigation. Patients with acute MI have high levels
of systemic inflammation, with pro-inflammatory changes in
the atherosclerotic plaques, promoting the identification of
several biomarkers [26].

A number of biomarkers have been associated with PAD
in population-based studies and with different pathways

[27], although many of these are also elevated in CAD and
other vascular disorders. There is robust data to support
that an association of inflammation and thrombosis in
patients with PAD exists [8], although there are a few stud-
ies with patients with MSAD, i.e. both CAD and PAD
assessing biomarkers [9,10]. A central pro-inflammatory
biomarker is interleukin 6 (IL-6), which is produced in vari-
ous tissues by immune-competent cells in response to infec-
tion, but also in the atherosclerotic plaques and adipose
tissue [28,29]. IL-6 is elevated in patients with MI, and also
in patients with PAD [8,30].

Several of the biomarkers found to be stronger associated
with MSAD in this study were members of the tumor
necrosis factor “family”. TNF alpha (a), is a prototypic
member of TNFSF and acts through two transmembrane
receptors; TNFR-1 and TNFR-2. TNFR-1 stimulates apop-
tosis and is responsible for most cellular responses to TNFa
including cytotoxicity, cell growth, upregulation of adhesion
and cytokine genes [31,32], whereas the TNFR-2 signaling
and consequent biological functions are less well character-
ized [31,33]. In this study, both these receptors were signifi-
cantly associated with MSAD in the MI patients and the
results remained, although less pronounced, after 3 months
even though the MI patients already have high levels of
inflammatory activity in the acute setting [26]. This may

Figure 2. Prediction model with random forest for prediction of patients with multisite artery disease, as measured by peripheral artery disease in the REBUS
cohort. The biomarkers presented with the highest variable importance: TNFR-1: tumor necrosis factor receptor 1; GDF-15: growth differentiation factor 15; RETN:
resistin; IL-1 RT1: interleukin-1 receptor type 1; JAM A: junctional adhesion molecule A; TNFR-2: tumor necrosis factor receptor 2; EGFR: epidermal growth factor
receptor; TNFRSF-14: tumor necrosis factor receptor superfamily member 14; CPB 1: carboxypeptidase B; Nt-pro BNP; IL-6 RA: interleukin-6 receptor subunit alpha
Nt-pro BNP; CSTB: cystatin B.

Table 2. Additional predictive value of the biomarkers compared to the performance of the model with clinical characteristics, as measured by the c-statistic.

Clinical
characteristics

(CC)
CCþ

TNFRSF-14
CCþ
TNFR-1

CCþ
TNFR-2

CCþ
GDF-15

CCþ
IL-6 RA

CCþ
CTSD

CCþ TNFR-1,
TNFR-2,
GDF-15

REBUS (n¼ 390) 0.683
(0.610, 0.756)

0.702
(0.632, 0.772)

0.709
(0.640, 0.779)

0.703
(0.633, 0.773)

0.710
(0.640, 0.781)

0.682
(0.608, 0.755)

0.683
(0.610, 0.757)

0.715
(0.645, 0.784)

VaMIS (n¼ 766) 0.729
(0.687, 0.770)

0.732
(0.691, 0.773)

0.746
(0.706, 0.787)

0.745
(0.704, 0.785)

0.752
(0.711, 0.792)

0.729
(0.688, 0.770)

0.736
(0.695, 0.777)

0.752
(0.711, 0.792)

TNFRSF-14: tumor necrosis factor receptor superfamily member 14; TNFR-1: tumor necrosis factor receptor 1; TNFR-2: tumor necrosis factor receptor 2; GDF-15:
growth differentiation factor 15; IL-6 RA: interleukin-6 receptor subunit alpha; CTSD: Cathepsin D.
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reflect a higher atherosclerotic burden ina patient with
MSAD and is to our knowledge not previously described.
With the result that the largest difference in biomarkers was
seen early after the MI, one can possible argue that it is bet-
ter to analyze the biomarkers early after the MI, although
the difference when the biomarker samples were collected
(after 3–5 days and at admission) may have influenced
the results.

TNFa augments the expression of chemokines and adhe-
sion molecules necessary to recruit pro-inflammatory mono-
cytes and affect them to migrate to the vessel intima,
stimulate differentiation of monocytes into foam cell macro-
phages and increase oxidized-LDL uptake by macrophages
with increased scavenger receptor expression [31,32], proc-
esses important in the development of atherosclerosis. TNFa
is also associated with cellular apoptosis, resulting in vascu-
lar damage and vascular calcification with an unstable ath-
erosclerotic plaque phenotype [32], but also with findings of
bone formation in PAD [34]. In the clinical setting, the ele-
vation of TNFa above baseline is associated with a higher
risk of CAD, acute MI and heart failure by enhancing
inflammation in patients initially healthy, as well as in
patients with CAD [32,35,36]. Our results that TNFs was
associated with MSAD in the MI cohort might be explained
by the different effect of TNFs related to vascular beds and
may suggest a possible pathophysiological role of TNFs in
patients with MSAD, even though further research is
needed. [37]

GDF-15 is a protein belonging to the transforming
growth factor-beta (TGF-b) cytokine superfamily. The

function of GDF-15 is not fully clear but it seems to have a
role among others in regulating inflammatory pathways and
apoptosis [38–40], processes observed in cardiovascular dis-
orders. Little is known about the tissues that produce GDF-
15 in patients with CV disease, but GDF-15 is expressed in
atherosclerotic plaque in the carotid and coronary arteries
[39,40]. A high level in patients with both PAD and CAD
has previously been significantly associated with an increase
in amputation and all-cause mortality [41,42]. In these stud-
ies, the higher levels of GDF-15 have been used to predict
events whereas in our study the levels of GDF-15 predicted
patients with MSAD, i.e. PAD and CAD. GDF-15 has
shown to be associated with cardiovascular comorbidities
and is a strong prognostic protein in patients with CAD
with an association with future CV events [43], but also all-
cause mortality and cancer [39,44]. This has been confirmed
in a previous study of the VaMIS cohort, where GDF-15
and TRAIL-R2, another TNFSF ligand, were shown to be
independent predictors of all-cause mortality [45] .

Conclusion

When screening for biomarkers associated with patients
with PAD and recent MI, i.e. patients with MSAD, there
was a significant difference in biomarkers overall between
patients with and without PAD, with nine biomarkers
highly significant. Three biomarkers out of a panel of 92;
TNFR-1, TNFR-2 and GDF-15 were identified associated
with PAD and may improve prediction of MSAD in add-
ition to clinical characteristics.

Figure 3. Empirical cumulative density function (ECDF) plots for biomarkers; TNFRSF-14: tumor necrosis factor receptor superfamily member 14; TNFR-1: tumor
necrosis factor receptor 1; TNFR-2: tumor necrosis factor receptor 2; GDF-15: growth differentiation factor 15; IL-6 RA: interleukin-6 receptor subunit alpha; CTSD:
cathepsin D, in patients with and without multisite artery disease (MSAD), measured by peripheral artery disease in the VaMIS cohort. Patients with MSAD showed
a red dotted line and patients without MSAD with a green dotted line.
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When validating our findings in a similar cohort, VaMIS,
we found the same pattern with improved c-statistics in the
three biomarkers. Explorative screening studies with bio-
markers are important and can help us get new information
to identify high-risk subgroups of patients, such as patients
with MSAD with a particularly high risk of CV events. The
findings in this study may suggest a possible pathologic role
of these biomarkers (TNFR-1, TNFR-2 and GDF-15), col-
lected early after the MI, to consider in our practice of the
atherosclerotic diseases, although further investigation
is needed.

Limitations

The present study has several limitations. Firstly, the sample
size of the REBUS cohort is limited and the study sample
was limited to Caucasian patients with an acute MI, and
care should be used in drawing conclusions concerning
other age and ethnic groups. Despite this, our findings
could be verified in the VaMIS cohort, another MI cohort
from a different region of Sweden. However, larger pro-
spective studies with biomarkers as a primary endpoint are
needed to confirm our findings. Secondly, the PEA tech-
nique does not permit an absolute quantification of the tar-
get proteins, so translation into clinically relevant cut-off
values is not possible.
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