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Abstract

Background: In contemporary clinical practice, there is an increasing need for new clinically relevant
biomarkers potentially optimizing management strategies in patients with suspected acute coronary
syndrome (ACS). This study aimed to determine the diagnostic utility of soluble urokinase-type plasmi-
nogen activator receptor (suPAR) levels in individuals with suspected ACS.

Methods: A literature search was performed in Web of Science, PubMed, Scopus, and the Cochrane
Central Register of Controlled Trials databases, for studies comparing suPAR levels among patients
with and without ACS groups. The methodological quality of the included papers was assessed using
the Newcastle-Ottawa Scale. A fixed-effects model was used if F < 50%; otherwise, the random-effects
model was performed.

Results: Five studies with 3417 participants were included in the meta-analysis. Pooled analysis
showed that mean suPAR levels in the ACS group were statistically significantly higher than in the
control group (3.56 = 1.38 vs. 2.78 = 0.54 ng/mL, respectively; mean difference: 1.04; 95% confidence
interval: 0.64-1.44; F = 99%; p < 0.001).

Conclusions: In the context of ACS, suPAR is a potential biomarker for the early identification of medical
conditions n indwiduals who are being treated in emergency rooms. (Cardiol J)
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Introduction

Globally, an estimated 7 million persons are
diagnosed with acute coronary syndrome (ACS)
yearly [1]. ACS refers to a group of thrombotic
coronary artery diseases (CAD) that include un-
stable angina (UA), myocardial infarction with ST-
segment elevation (STEMI), and myocardial infarc-
tion without ST-segment elevation (NSTEMI) [2].
The differentiation between STEMI and NSTEMI
1s crucial in applying appropriate treatment accord-
ing to guidelines [3-5].

In past decades cardiac troponin (cTn) emer-
ged as a potent and widely used biomarker of myo-
cardial infarction (MI) [6]. Elevated cTn values are
still required to diagnose MI according to the Fourth
Universal Definition of Myocardial Infarction pub-
lished in 2018. Moreover, the change (rise or fall) in
the cTn level is needed to diagnose the acute nature
of MI [7]. Despite the undeniable usefulness of cTn
in MI diagnosis, some drawbacks significantly limit
its infallibility. First, cTn is a biomarker of myocardial
necrosis. Thus, it is elevated in STEMI and NSTEMI
but may not be increased in UA patients, who should
also be diagnosed with ACS [8]. Next, despite the
high sensitivity of cTn, its specificity hovers around
80% because it can also be elevated in other condi-
tions [9]. Last, the increase in cTn levels following
MI may be observed even after more than 4 hours
[10], significantly limiting early revascularization
crucial in STEMI.

The above limitations of ¢Tn advocate the
search for novel diagnostic biomarkers of ACS
that could complement cTn in the areas where its
usefulness is limited, particularly at an early stage
of ACS, among patients with renal dysfunctions,
and cardiac conditions other than ACS. Extensive
research in this field will eventually establish
an ACS biomarker mini-panel. Many molecules
have been investigated as potential biomarkers
in ACS [11]. Heart-type fatty acid-binding protein
(H-FABP) was extensively evaluated and gave
hope for an early diagnosis of AMI. Neverthe-
less, a meta-analysis showed that H-FABP had
limited usefulness alone [12]. Copeptin is another
important biomarker widely studied in terms of
AMI diagnosis. It was established to diagnose
AMI early after the onset of symptoms, even
though cTn was still negative. The most efficient
combination of both biomarkers was copeptin and
c¢Tn, which had a very high negative predictive
value [13, 14]. More recently, microRNAs (miRs)
have been comprehensively investigated in various
cardiovascular conditions, including ACS [15-17].

Ling et al. [18] demonstrated that patients with
ACS had higher levels of miR-21 and miR-126 than
healthy controls. MicroRNAs play a diagnostic role;
they were established as potential prognostic and
treatment-predictive biomarkers in many cardio-
vascular conditions [19-22].

Another potential diagnostic biomarker in ACS
is soluble urokinase plasminogen activator receptor
(suPAR) because of its involvement in inflammatory
processes essential for plaque formation in ACS
[23, 24]. It can be detected in different body fluids,
including blood, plasma, serum, urine, and cerebro-
spinal fluid. suPAR is primarily found in plasma.
When collecting blood for suPAR measurement,
anticoagulants such as ethylenediaminetetraacetic
acid (EDTA), citrate, or heparin are commonly used
to prevent clotting and preserve the plasma [25].
suPAR is formed from urokinase plasminogen acti-
vator receptor (uUPAR), a protein linked to the cell
membrane by glycosylphosphatidylinositol, which
can be cut off from the cell surface, resulting in the
release of a soluble form called soluble urokinase
plasminogen activator receptor (suPAR). uPAR is
mainly found in immune, endothelial, and smooth
muscle cell membranes [26]. Due to the predomi-
nant presence of uPAR on immune cells, suPAR may
be elevated in conditions with inflammation [27].
suPAR was shown to be associated with different
diseases, including the recently widespread coro-
navirus disease 2019 (COVID-19), in which suPAR
levels are elevated and may predict mortality [28].
Importantly, suPAR levels were shown to predict
cardiovascular mortality and morbidity as assessed
in the general population [29]. suPAR was indicated
as a promising prognostic biomarker in emergency
patients with ACS (Fig. 1) [30].

Ischemic symptoms, abnormalities on an elec-
trocardiogram, and an increase in blood biomarkers
were generally required to make a diagnosis of
ACS. However, the symptoms are sometimes rath-
er unusual or absent, and around 33% of patients
who arrive at the hospital’s emergency department
with a MI may not be experiencing chest pains
[31]. Similarly, alterations in an electrocardiogram
that aid in early diagnosis may be insufficient or
completely absent in around 40% of individuals
[32]. Furthermore, anomalies in the ST segment
may be detected in other cardiac conditions, such
as pericarditis, left ventricular hypertrophy, cardio-
myopathies, and channelopathies, which may add to
difficulties in diagnosis of the illness. As a result of
these concerns, we must find the most suitable and
reliable biomarker for early diagnosis, prognosis,
and classification of ACS patients to enhance the

2 www.cardiologyjournal.org



Michal Pruc et al., suPAR in acute coronary syndrome diagnosis

O

Detected in:

| |

Blood Plasma Serum
Witia i
CSF Urine

[ 1011
Smooth muscle (&9 Inney, . PR i -........._-
- q o® ']
S jmmune cells ——» '°--....y.‘i€.......-....----' N s
"Seeq J .o"'..
Endothelial cells Outgy /;;;"'---m....---"" 8 &Pl anchor
r
g UPAR
Cleavage
A4

— z. SUPAR

biomarker in ACS

VAN

Predictor of
cardiovascular mortality
and morbidity in general

population

Potential
diagnostic

Figure 1. The potential utility of soluble urokinase plasminogen activator receptor (suPAR) in acute coronary syn-
drome (ACS); CSF — cerebrospinal fluid; GPI — glycosyl-phosphatidylinositol; uPAR — urokinase plasminogen

activator receptor.

treatment that these patients get and to ensure the
best possible outcome. This systematic review and
meta-analysis were conducted to highlight suPAR
as a developing ACS biomarker that can be catego-
rized according to its clinical value and function in
diagnosing ACS.

Methods

This meta-analysis was carried out following
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guide-
lines [33], and we pre-registered its protocol with
PROSPERO (CRD42023431413).

Search strategy and study selection

From January 1%, 2000, to June 16", 2023, we
conducted a comprehensive systematic literature
search in the following medical electronic data-
bases: Web of Science, PubMed, Scopus, and the
Cochrane Central Register of Controlled Trials, to
find papers investigating the diagnostic significance
of suPAR in adults with ACS. In addition to the
online database search, Google Scholar was em-
ployed. A distinct and appropriate search strategy
was employed for each source. We were looking
for the following terms: “su-PAR” OR “soluble
urokinase plasminogen activator receptor” AND
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“acute coronary syndrome” OR “ACS” OR “STE-
MI” OR “ST-elevation myocardial infarction” OR
“NSTEMI” OR “non-ST-elevation myocardial in-
farction” OR “myocardial infarction” OR “MI” OR
“UA” OR “unstable angina”. In addition, we also
manually reviewed the reference lists of relevant
articles for potential studies. EndNote (version X7;
Thomson Reuters) was used to manage the search
results. Following an initial search, the duplicate
results were deleted.

Two reviewers (M.P. and N.L.B.) indepen-
dently examined the search criteria and compared
the titles and abstracts of the publications found
by the databases. The same reviewers then inde-
pendently examined the full texts of all possibly
relevant publications. If there was a disagreement
on which literature papers to select, it was resolved
with the assistance of another reviewer (L.S.).

Eligibility criteria

All research studies that matched the following
criteria were included: (1) cross-sectional or co-
hort studies; and (2) comparisons of suPAR levels
between ACS and control patients. The following
were the exclusion criteria: (1) children or pregnant
women; (2) reviews; (3) editorials, letters, and
conference papers; and (4) non-English-language
research.
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Figure 2. Flowchart detailing selection and screening of the studies included in this review.

Data extraction

Two investigators (M.M. and M.P.) worked
separately to choose studies that matched the
aforementioned inclusion criteria. Any disagree-
ments were resolved through discussion or refer-
ral to a third author (A.N.). Two different writers
extracted the data using the standardized form.
First author’s name, year of publication, research
origin, sample size, proportion of male subjects,
age, study design, and suPAR levels among study
groups were retrieved.

Risk of bias assessment

Five reviewers (M.P, L.S., N.L.B., EC., and
Z.R.) independently assessed the risk of bias in the
individual studies. Inconsistencies were resolved
through the consensus of all researchers.

First, the methodological quality of the in-
cluded papers was assessed using the Newcastle-
-Ottawa Scale (NOS) [34]. The NOS evaluates
each publication based on three general criteria:
“selection of study groups,” “comparability of
study groups,” and “determination of either the
exposure or outcome of interest for case-control
or cohort studies,” respectively. As a result, NOS

can quantify article biases such as selection and
information bias. The quality of the papers spans
from poor (0—4) to moderate (5-6) to high (7-9),
signifying 3 distinct degrees of research quality.

In addition, we performed a sensitivity analysis
in which we attempted to eliminate one research
study at a time from a meta-analysis, re-estimated
the overall effect size, and compared it to the re-
sults of the meta-analysis prior to this exclusion. If
the results before and after were not significantly
different, it showed that a single study had no dis-
cernible influence on heterogeneity.

Statistical analysis

To perform a meta-analysis, Review Manager
5.4 (Copenhagen: The Cochrane Collaboration,
2014, Denmark) and Stata version 16 (StataCorp
LP, Texas, USA) were used.

To assess suPAR levels, we used mean differ-
ences as the effect metric, with 95% confidence
intervals (CIs). Hozo’s approach was used to de-
termine estimated means and standard deviations
when suPAR values were reported as medians with
an interquartile range [35]. Cochran’s Q statistics
and Higgins’ index (I’) were used to calculate
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Figure 3. Forest plot of soluble urokinase plasminogen activator receptor (suPAR) values among patients with and
without acute coronary syndrome (ACS). The center of each square represents the mean ratio for individual trials,
and the corresponding horizontal line stands for the 95% confidence interval (Cl). The diamonds represent pooled

results; SD — standard difference.

addition, increased infiltration with macrophages
promotes the formation of lipid-laden foam cells
within plaques.

Moreover, when bound to cells bearing the
uPAR receptor, plasminogen activators play a role
in promoting fibrinolysis, tissue remodeling, and
cell signaling. Consequently, an increase in the
inflammatory reaction and an increase in the sus-
ceptibility of the atherosclerotic plaque to rupture,
deepening its instability, is observed [23]. Based
on the ACS pathophysiology, suPAR may be a valu-
able biomarker in cardiovascular diseases [42, 43].

Soluble urokinase plasminogen activator re-
ceptor has been studied as a potentially useful
biomarker in patients diagnosed with a first acute
MI (AMI) treated with percutaneous coronary in-
tervention, and it is a good predictor of all-cause
mortality and cardiovascular mortality [44]. An-
other analysis indicated that a suPAR level > 3.5
ng/mL is an independent predictor of the risk of
MI (hazard ratio [HR]: 3.2, p < 0.0001) and cardio-
vascular death (HR: 2.62; p < 0.0001). suPAR pre-
dicted not only the occurrence of CAD, but also the
suPAR level correlated with the severity of CAD
[45]. The suPAR level and advanced echocardio-
graphy turned out to be a good stratifier in patients
diagnosed with diabetes but without heart disease
(preserved left ventricular ejection fraction), allow-
ing the selection of patients requiring intensified
medical care [46]. A meta-analysis of patients with
chronic kidney disease showed that in this patient
population, elevated suPAR levels are also predic-
tive of increased risk of cardiovascular disease
(p < 0.001; HR: 3.06; 95% CI: 2.21-4.22; I* =
= 0.0%). This prediction makes it possible, simi-
larly to the population of patients with diabetes, to
intensify the treatment and isolate the population
requiring in-depth cardiological diagnostics [47].

In turn, another study showed a good cor-
relation between the suPAR level and N-termi-
nal-pro-B-type natriuretic peptide (NT-proBNP)
concentration (and heart failure), but the suPAR
level was not a predictor of atrial fibrillation [48].
An interesting phenomenon is a transient and
initial increase in SuPAR level after transcatheter
aortic valve implantation. This increase is probably
related to the implantation procedure itself, which
inevitably leads to endothelial damage even with
minimally invasive techniques. Although interest-
ing, the increase in the suPAR level observed in
this case seems to be of no clinical significance [49].
A recently published meta-analysis of 14,738 pa-
tients diagnosed with CAD confirmed that patients
with elevated suPAR levels had a significantly
higher risk of all-cause mortality (HR: 2.24; 95%
CI: 1.97-2.55) and death due to a cardiovascular
event (HR: 2.02; 95% CI: 1.58-2.58). Meta-analysis
failed to support the predictive power of suPAR for
major cardiovascular events (HR: 1.63; 95% CI:
0.86-3.11) [50].

It is worth mentioning that there are some
indications in the literature that suPAR is a better
predictor than a diagnostic biomarker. Moreover,
compared to other markers of inflammation, par-
ticularly C-reactive protein, the increase in suPAR
level is directly related to endothelial degradation
and an increase in endothelial inflammation. In
addition, increased C-reactive protein is observed
with increasing body mass index or waist cir-
cumference. At the same time, the suPAR level
is more independent of these indicators, which
are also well-known factors in the development
of cardiovascular disease. Although this meta-
analysis focuses on the diagnostic usefulness of
suPAR, given its potential prognostic properties,
directions for further research should focus on
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the prospective follow-up of patients with ACS
over a longer period. The 1-year time horizon
adopted most often in publications is too short to
determine the relationship between the suPAR
level and cardiovascular events and mortality. The
longest follow-up period in the studies included in
this meta-analysis (3.5 years) is too short. In ad-
dition, it is necessary to conduct a study in which
the measurement of the suPAR level is repeated
periodically, at strictly defined time intervals. The
time distance from an acute coronary event should
lead to a decrease in suPAR level, especially when
intensive treatment is initiated, e.g., optimal doses
of statins. Nevertheless, our meta-analysis aimed
to assess the diagnostic utility of suPAR.

The limitations of the studies included in this
meta-analysis should be briefly summarized. Can
et al. [37], in the limitations of their paper, em-
phasized that the suPAR level was not measured
immediately after the onset of symptoms of AMI,
and there were no laboratory measurements in the
longer follow-up, 1.e., after the second day following
the coronary event [37]. In comparison, the study
presented by Nikorowitsch et al. [38] included
a 3.5-year follow-up. It showed that the suPAR
level could independently predict cardiovascular
death and reinfarction in patients with clinically
and hemodynamically confirmed CAD. In addition,
the cohort included as many as 1703 patients.
A critical methodological limitation of the study was
the inclusion of CAD patients requiring coronary
angiography. The authors emphasized that there
was a large population of patients with CAD who
did not require invasive intervention. Therefore,
the predictive properties of suPAR in this popu-
lation are not sufficiently understood currently.
Schernthaner et al. [39], in turn, pointed out that
their study was from a single center and included
a relatively small number of patients. However, it
is worth noting that it is still larger than the study
presented by Can et al. [37] (194 vs. 125 patients).
Clinical parameters (e.g., ejection fraction), as well
as other laboratory tests (e.g., NT-proBNP or in-
flammatory markers), correlated significantly with
new biomarkers determined in the study, including
the suPAR level [39].

Sorensen et al. [40] indicated that the popula-
tion included in their study was very heterogene-
ous. Of the 1314 patients, 1006 were diagnosed as
non-AMI. Patients were admitted to the emergency
department with symptoms suggestive of AMI;
however, in the vast majority (approximately
75.56%), AMI was excluded. Although the average
suPAR level in AMI patients vs. non-AMI did not

differentiate, the suPAR level was a good predictor
of 1-year mortality. The study’s authors also em-
phasized that no other pro-inflammatory markers
were determined in the study, so it was impos-
sible to draw conclusions as to whether suPAR
1s superior to other pro-inflammatory markers in
predicting mortality [40]. Topf et al. [41], in turn,
focused their study on Takotsubo syndrome, which
led to a significant overrepresentation of women
in the population of patients with ACS and the
control group. This translates into a limited ability
to generalize the results [41].

Limitations of the study

The main limitation of our meta-analysis is
the small number of included studies. However,
considering the inclusion and exclusion criteria
and the proposed article selection strategy, all
possible papers were included in the study. The
I” statistic indicates high heterogeneity in the meta-
analysis. Nevertheless, it should be noted that the
heterogeneity may be overestimated with the small
number of included studies. The greatest diversity
1s observed in the definition of the control group in
the studies included in the meta-analysis. However,
this problem is typical of observational studies,
including cohort studies, where we identify sig-
nificant difficulties in selecting patients included
in the control group.

Conclusions

In the context of ACS, suPAR is a potential
biomarker for the early identification of medical
conditions in individuals who are being treated in
emergency rooms.
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