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Abstract. Aim: We evaluated soluble urokinase-type
plasminogen activator receptor (suPAR) levels in different
stroke subtypes and assessed their prognostic value
regarding 5- year outcomes. Materials and Methods: The
study included 117 stroke patients (81 males; mean=age
61«11 years) with suspected cardioembolic stroke whose
plasma suPAR concentration was assessed. Altogether, 20
(17.1%) patients suffered from stroke as a result of
cardioembolism, 12 (10.3%) from large-artery
atherosclerosis, 9 (7.7%) from small-vessel disease, 11
(9.4%) from both large-artery and cardioembolic etiology,
and 65 (55.6%) had cryptogenic stroke. The mean follow-
up period was 5 years. Results: suPAR concentration was
higher in patients who suffered from stroke/transient
ischemic attack due to large-artery atherosclerosis
(3.2+0.9 ng/ml) compared to small-vessel disease (2.0+0.5
ng/ml, p<0.001). An elevated plasma suPAR concentration
was associated with all-cause mortality during the follow-
up period (p=0.003). Conclusion: Elevated plasma suPAR
concentrations predicted all-cause mortality during the 5-
year follow-up after ischemic stroke. suPAR was not able
to differentiate patients with cardioembolic stroke from
those with other stroke types.
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The precise etiological evaluation of stroke subtype is crucial
as approximately 20-25% of all strokes recur and the risk of
recurrence can be reduced with prompt and appropriate
secondary prevention (1, 2). There are currently several
mechanisms recognized as underlying ischemic strokes and
transient ischemic attacks (TIAs), namely embolism,
thrombosis or decreased systemic hypoperfusion (3, 4).
Emboli reaching the brain can originate from the heart,
cervical arteries or aorta and also from veins, constituting
paradoxical embolism. Most non-lacunar ischemic strokes
are considered to be embolic (5-7).

Low-grade inflammation plays a crucial role in vascular
atherosclerosis, which is the principal cause behind arterial
thrombosis (8). Inflammation is also known to be a major
contributor to stroke pathophysiology (9). High levels of
many inflammatory biomarkers [e.g. high-sensitive CRP
(hsCRP) and several proinflammatory cytokines] have been
associated with poor functional outcome after stroke (10).

In the presence of either acute or chronic inflammation,
membrane-bound urokinase-type plasminogen activator
receptor (UPAR) becomes cleaved from the cell surface and
released into the circulation, forming soluble uPAR (suPAR)
(11-13) providing a novel marker of both chronic
inflammation and poor prognosis (14). Elevated levels of
suPAR in plasma and carotid plaque have been associated
with TIA and stroke (15). There is a report that patients with
ischemic stroke express higher levels of sSuPAR compared to
patients with amaurosis fugax (16).

At present, little is known about suPAR levels in different
cohorts of patients with ischemic stroke. The aim of this
prospective 5-year follow-up study was to examine suPAR
levels and their associations with subtypes of ischemic stroke
and to furthermore assess their possible prognostic value
with respect to the 5-year outcome.
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Materials and Methods

This 5-year follow-up study is part of the EmbodeteCT study (17-
19). Between March 2005 and November 2009, patients admitted to
our university hospital because of acute stroke/TIA with suspected
cardioembolic etiology but without known atrial fibrillation (AF)
were evaluated as study candidates. Exclusion criteria were
symptoms indicating large-artery atherosclerosis, small-vessel
occlusion and hypercoagulable states (Figure 1). The study was
approved by the University Hospital Research Ethics Board (no. 82/
2004) and written informed consent was obtained from the
participants or their legally authorized representatives. After a 5-year
follow-up period from the index stroke/TIA episode, patient files
from primary, secondary and tertiary levels of the healthcare system
were used to gather information about the follow-up endpoints: a)
stroke/TIA recurrence, b) myocardial infarction (MI), ¢) AF or other
signs of systemic embolism, and d) death. The causes of death were
gathered from death certificates held by Statistics Finland.

In an extension to the routine imaging protocol, a combined
examination of the heart, aorta, and cervicocranial arteries with
computed tomography together with transthoracic and
transesophageal echocardiography were performed to define the
etiology of stroke (18). For volume measurements of infarcted
cerebral tissue, 4.5-5 mm transversal slices were reconstructed in
brain computed tomography in the subacute phase (>2 days).
Infarction volume was calculated by using Simpson’s method (20).
Ambulatory 24-hour Holter was performed to evaluate the presence
of paroxysmal AF. Etiological classification was based on TOAST
criteria (21), modified by the more recent recommendations from the
Association of Echocardiography for defining the cardiac source of
embolism (22). Blood samples for suPAR and hsCRP were collected
at study enrollment and 3 months later. Blood was collected in 3.2%
sodium citrate, plasma was separated by centrifugation at 2500 x g
and stored at —80°C until analyzed. suPAR concentrations were
measured using the commercial ELISA suPARnostic kit (ViroGates,
Copenhagen, Denmark) and hsCRP was analyzed using standard
procedures at the Department of Clinical Chemistry, Kuopio
University Hospital. The calculated concentrations were corrected
with the dilution factor as a result of use of sodium citrate solution.

Continuous variables with normal distributions are presented as
the mean+SD, and categorical variables as absolute values and
percentages. Based on the results of Kolmogorov-Smirnov test,
Student’s z-test was applied for normally distributed values and
Mann-Whitney U-test used for abnormally distributed non-
parametric values when comparing dichotomized groups. Paired-
samples 7-test was used to compare acute and plateau phase
concentrations. Spearman’s correlation coefficient was used to
investigate the associations between continuous background
characteristics and the plasma suPAR concentration. Chi-square test
was used to investigate nominal variables. Statistical significance
was set at p<0.05 and high statistical significance at p<0.01. The
predictive value of suPAR for all-cause mortality was assessed with
Cox regression model where covariates were entered using a
backward Wald’s model. In addition to an elevated plasma suPAR
concentration (of >1 ng/ml), the following covariates were selected
based on the literature: age, gender, body-mass index (BMI),
tobacco use, previous MI, diagnosed hypertension,
hypercholesterolemia, diabetes, National Institutes of Health Stroke
Scale (NIHSS) and AF. Data were analyzed using SPSS for Mac
(version 22; IBM Corp., Armonk, NY, USA).
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Figure 1. Flow chart of patient recruitment.

Results

suPAR concentrations were measured in a total of 117 patients
(81 males; mean=age 61+11 years; range=32-84 years) during
the diagnostic evaluation of acute stroke/TIA (acute phase)
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Table 1. Clinical characteristics of the study population.

Patients with suPAR measurement
during stroke occurrence

Patients with suPAR measurement after
3 months of stroke occurrence

Characteristic N Value N Value
Male gender, n (%) 117 81 (69.2) 50 34 (68.0)
Age, years 117 61.3£10.6 50 60.8+11.0
Body mass index, kg/m2 117 28.1+4.3 50 279443
Hypertension, n (%) 117 70 (59.8) 50 25 (50.0)
Diabetes, n (%) 117 16 (13.7) 50 2 (4.0)
Smokers, n (%) 117 28 (23.9) 50 11 (22.0)
Prior stroke, n (%) 117 21 (17.9) 50 8 (16.0)
Prior myocardial infarction, n (%) 117 16 (13.7) 50 8 (16.0)
VAT 83 186.3+(85.6) 39 183.8+98.1
hsCRP 114 7.1x(18.7) 50 4.4+10.2
Medication, n (%)
Aspirin 117 36 (31.0) 50 19 (38.0)
Warfarin 117 10 (8.5) 50 4 (8.0)
Clopidogrel 117 3(2.6) 50 1.0
Dipyridamole 117 7 (6.0) 50 2 (4.0)
Statin 117 36 (30.8) 50 15 (30.0)
Cholesterol, mmol/l
Total cholesterol 115 4.5+1.0 49 4.6x1.1
Low-density lipoprotein 115 2.840.9 49 2.9+0.9

VAT: Visceral adipose tissue (19), hsCRP: high sensitive C-reactive protein, suPAR: soluble urokinase plasminogen activator receptor.

Table II. Plasma soluble urokinase plasminogen activator receptor (suPAR) concentration (ng/ml) according to stroke etiology. There were no
statistically significant differences in the acute-phase plasma suPAR concentration of other groups when compared with patients with cardioembolic

stroke.
Etiology N (%) Acute-phase suPAR Plateau-phase suPAR p-Value* Mortality, N (%) of
mean+SD (N=117) mean+SD (N=50) all deaths (N=14)

Cardioembolism 20 (17.1) 2.5+0.7 2.8+0.3 ns 4 (28.6%)
Large-artery atherosclerosis 12 (10.3) 32409 42+1.6 4 (28.6%)
Small-vessel disease 9(7.7) 2.0+0.5 2.2+0.3 p<0.001 1 (7.1%)
Both large-artery and cardioembolic 11 (94) 2.9+0.7 2.6+0.5 ns 1 (7.1%)
Cryptogenic 65 (55.6) 2.7+1.5 2.6+£1.0 ns 4 (28.6%)

*For difference in the acute-phase plasma suPAR concentration when compared with patients with large-artery atherosclerosis stroke. There were
no statistically significant differences in the acute-phase plasma suPAR concentration of other groups when compared with patients with

cardioembolic stroke. ns: Non significant.

and these were repeated three months later in 50 (43%)
patients (plateau phase). There was no statistically significant
difference in plasma suPAR concentrations between the acute
and plateau phases. Patient characteristics of both phases are
presented in Table I.

Twenty (17%) patients were considered to have suffered a
cardioembolic stroke/TIA. Their plasma suPAR concentration
did not differ significantly from those who suffered stroke/TIA
with a non-cardioembolic etiology either in acute or plateau
phase (Table II). However, in patients who suffered stroke/TTA

due to large-artery atherosclerosis (n=12) the acute phase
suPAR concentration (3.2+0.9 ng/ml) was significantly higher
than the corresponding value in patients who suffered
stroke/TIA due to small-vessel disease (n=9; 2.0+0.5 ng/ml,
p<0.001) (Figure 2). No significant differences were observed
between the other etiological groups.

suPAR levels did not differ between patients with stroke
vs. those with TIA, whereas patients in acute phase of stroke
displayed higher levels of hsCRP than patients with TTA
(»=0.045). Neither suPAR nor hsCRP levels correlated with
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infarct volumes as measured by non-contrast brain computed
tomography. Ten patients (8.5%) were treated with
recombinant tissue plasminogen activator. The suPAR levels
of this small group did not differ from those of the others
(p=0.6). Other anti-aggregatory or anticoagulative drugs, e.g.
acetylsalicylic acid, dipyridamole, clopidogrel or warfarin,
had no significant effect on suPAR level (p>0.1).

During the 5-year follow-up, no association was found
between the acute-phase plasma suPAR concentration and
frequency of stroke/TIA recurrence or MI; however, a higher
acute-phase plasma suPAR concentration was strongly
associated with all-cause mortality. Thus, the acute-phase
plasma suPAR concentration was 3.5+1.4 ng/ml in patients
who died (n=14; 12%), whereas the concentration was 2.6+1.2
ng/ml in the other patients (n=103; 88%, p=0.003). Plateau-
phase concentrations did not, however, differ between patients
who died (n=6; 3.6+1.6 ng/ml) and those who survived (n=44,
2.6+0.9 ng/ml). Based on Cox regression analysis, a
continuously elevated level of suPAR had a hazard ratio of 1.60
(95% contfidence interval=1.10-2.30, p=0.012) for death during
the 5-year follow-up. Kaplan—Meier survival analysis showed
that there was a significant difference in all-cause mortality
between patients with higher or lower suPAR consentrations
(suPAR concentration over or less than 3 ng/ml) (p=0.014).

Discussion

To our knowledge, this is the first study which has analyzed
suPAR levels in stroke/TIA cohorts with different etiologies.
We found that the suPAR level was not able to differentiate
cardioembolic etiology of stroke/TIA from atherosclerotic
etiologies. The acute-phase suPAR concentration was
significantly higher in patients who suffered stroke due to
large-artery atherosclerosis compared to those who had
small-vessel disease. Furthermore, elevated levels of suPAR
were significantly associated with all-cause mortality in the
5-year follow-up.

The regulation and formation of suPAR are not completely
understood, but it is believed that suPAR negatively regulates
the proteolytic activity of uPA, an important activator of
plasminogen (23). In the presence of acute or chronic
inflammation,such as encountered in several pathological
conditions, e.g. infections, various tumors and in
cardiovascular diseases (CVD), the membrane-bound uPAR
is cleaved from the cell surface and released into the
circulation. suPAR has been shown to outperform hsCRP,
another marker of inflammation, in the prognosis of several
CVDs (13, 24, 25), but the diagnostic value of suPAR is
considered to be low (26, 27). New evidence also suggests
that suPAR indicates different pathophysiological pathways
than hsCRP in atherosclerosis (28). An earlier population-
based study by Persson et al. suggested that plasma suPAR
levels are higher in asymptomatic individuals with carotid
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Figure 2. Kaplan—Meier plot for all-cause mortality for soluble
urokinase plasminogen activator receptor (suPAR) concentration.
Patients with higher (>3 ng/ml) suPAR levels had higher probability for
all-cause mortality (p<0.05) during the 5-year followup period.

plaques in comparison to those without plaques. Moreover,
a high suPAR level significantly increased the risk of
ischemic stroke in patients with carotid plaques during a
mean follow-up of 15 years (29).

One could speculate that if suPAR is strongly associated
with atherosclerosis, then perhaps the determination of the
plasma suPAR concentration could help to elucidate the
mechanisms behind acute stroke. Not surprisingly, the
present study revealed that patients with stroke/TTA with
large-artery atherosclerotic etiology had the highest suPAR
levels compared to those in patients with other etiologies.
However, this difference was statistically significant only in
comparison to the group with small-vessel disease. This can
be explained by pathogenesis: lipohyalinosis and fibrinoid
necrosis, but not atherosclerosis, are the underlying
mechanisms in small-vessel disease (30), whereas low-grade
inflammation has a key role in atherosclerosis.

Recently, an association was reported between an
increased plasma suPAR concentration and the incidence of
venous thromboembolism (VTE) (deep venous thrombosis
and pulmonary embolism), thus suPAR was also proposed to
be a risk indicator for thrombus formation (31). This is in
contrast to our study, where the suPAR concentration was
low to moderate in patients with cardioembolic stroke.
Theoretically, suPAR could be related to thrombus formation
by competing with membrane-bound uPAR, thereby reducing
the uPA fibrinolytic activity. A reduction in uPA activity
could correlate with an increased risk for thrombus formation
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and a higher incidence of embolism in patients with high
suPAR levels (31).

Even though elevated baseline plasma levels of suPAR
were significantly associated with all-cause mortality, we did
not detect any significant association between suPAR level
and stroke recurrence or MI during the 5-year follow-up.
This is in contrast to a previous study reporting strong
correlations between elevated suPAR level and recurrent MI
in patients with suspected or known coronary artery disease
(32). The present study examined stroke patients instead of
MI patients and known large-artery atherosclerosis was an
exclusion criteria in our study, which may explain the
contrasting results. In our study, neither suPAR nor hsCRP
levels correlated with the volume of infarction measured
from brain computed tomography. We found no association
between the incidence of AF and the suPAR levels during the
5-year follow-up, although an inflammatory mechanism has
been suggested to be a pathogenic factor behind atrial
arrhythmias (33, 34). The causal relationship between suPAR
and all-cause mortality remains to be clarified.

In addition to its associations to atherosclerosis, suPAR has
also been shown to be a good prognostic marker of in-hospital
mortality in patients suffering severe infection and septic shock
(35), as well as being a prognostic marker in cardiovascular
mortality in a black South African population (36) and various
other settings (24, 36). Interestingly, in a study of 60 patients
undergoing coronary artery bypass surgery, perioperative levels
of suPAR remained stable despite the extensive inflammatory
reaction induced by such major surgery (37). Likewise, in
patients with ST elevation MI undergoing primary
percutaneous coronary angioplasty, suPAR levels remained
unchanged even when hsCRP levels were considerably
elevated (38). There are several previous studies suggesting
that suPAR and hsCRP are produced by different inflammatory
pathways. Accordingly in our study, patients in the acute phase
of stroke had significantly higher hsCRP levels than patients
with TIA but no such difference was found in suPAR levels.

Limitations

Primarily the EmbodeteCT study focused on patients with
suspected cardioembolic stroke/TIA and excluded patients with
known AF. Exclusion criteria were also symptoms indicating
large-artery atherosclerosis, small-vessel occlusion and
hypercoagulable states; hence the study included only a small
subpopulation of all patients with stroke/TIA. This reduces
generalizability of these results to all patients with stroke.

To conclude, in our study, an elevated plasma suPAR
concentration predicted all-cause mortality during a 5-year
follow-up after ischemic stroke. However, suPAR was not
suitable for screening patients with cardioembolic etiology
of stroke. We propose that future studies should focus on
suPAR and inflammatory mechanisms in stroke patients.
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