
 

 

 

 

 

 

 

University of Southern Denmark

Effect of simvastatin and ezetimibe on suPAR levels and outcomes

Hodges, Gethin W.; Bang, Casper N.; Forman, Julie L.; Olsen, Michael H.; Boman, Kurt; Ray,
Simon; Kesäniemi, Y. Antero; Eugen-Olsen, Jesper; Greve, Anders M.; Jeppesen, Jørgen L.;
Wachtell, Kristian

Published in:
Atherosclerosis

DOI:
10.1016/j.atherosclerosis.2018.03.030

Publication date:
2018

Document version:
Accepted manuscript

Document license:
CC BY-NC-ND

Citation for pulished version (APA):
Hodges, G. W., Bang, C. N., Forman, J. L., Olsen, M. H., Boman, K., Ray, S., Kesäniemi, Y. A., Eugen-Olsen, J.,
Greve, A. M., Jeppesen, J. L., & Wachtell, K. (2018). Effect of simvastatin and ezetimibe on suPAR levels and
outcomes. Atherosclerosis, 272, 129-136. https://doi.org/10.1016/j.atherosclerosis.2018.03.030

Go to publication entry in University of Southern Denmark's Research Portal

Terms of use
This work is brought to you by the University of Southern Denmark.
Unless otherwise specified it has been shared according to the terms for self-archiving.
If no other license is stated, these terms apply:

            • You may download this work for personal use only.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying this open access version
If you believe that this document breaches copyright please contact us providing details and we will investigate your claim.
Please direct all enquiries to puresupport@bib.sdu.dk

Download date: 23. May. 2023

https://doi.org/10.1016/j.atherosclerosis.2018.03.030
https://doi.org/10.1016/j.atherosclerosis.2018.03.030
https://portal.findresearcher.sdu.dk/en/publications/44e96bbf-0542-4dff-875c-d6f844877bf2


Accepted Manuscript

Effect of simvastatin and ezetimibe on suPAR levels and outcomes

Gethin W. Hodges, Casper N. Bang, Julie L. Forman, Michael H. Olsen, Kurt Boman,
Simon Ray, Y. Antero Kesäniemi, Jesper Eugen-Olsen, Anders M. Greve, Jørgen L.
Jeppesen, Kristian Wachtell

PII: S0021-9150(18)30155-2

DOI: 10.1016/j.atherosclerosis.2018.03.030

Reference: ATH 15438

To appear in: Atherosclerosis

Received Date: 12 November 2017

Revised Date: 27 February 2018

Accepted Date: 15 March 2018

Please cite this article as: Hodges GW, Bang CN, Forman JL, Olsen MH, Boman K, Ray S, Kesäniemi
YA, Eugen-Olsen J, Greve AM, Jeppesen JøL, Wachtell K, Effect of simvastatin and ezetimibe on
suPAR levels and outcomes, Atherosclerosis (2018), doi: 10.1016/j.atherosclerosis.2018.03.030.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.atherosclerosis.2018.03.030


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Lipid-lowering treatment and suPAR  
 

1 

Effect of simvastatin and ezetimibe on suPAR levels and 

outcomes  

Gethin W. Hodges, a Casper N. Bang, b Julie L. Forman, cMichael H. Olsen, dKurt 

Boman, eSimon Ray, fY. Antero Kesäniemi, gJesper Eugen-Olsen, hAnders M. Greve, 

iJørgen L. Jeppesen, aKristian Wachtellj 

 

aDepartment of Medicine Glostrup, Amager Hvidvore Hospital Glostrup, University of 

Copenhagen, Denmark  

bThe Danish Heart Foundation, Copenhagen; Department of Cardiology, Zealand 

University Hospital, Roskilde, Denmark  

 
cSection of Biostatistics, Department of Public Health, University of Copenhagen, 

Denmark  

d Department of Internal Medicine, Holbaek Hospital, and Centre for Individualized 

Medicine in Arterial Diseases, Odense University Hospital, University of Southern 

Denmark, Denmark   

eResearch Unit, Skellefteå, Department of Public Health and Clinical Medicine, Umeå 

University, Umeå, Sweden  

fDepartment of Cardiology, University Hospitals of South Manchester, Manchester 

Academic Health Sciences Centre, Manchester, UK 

gResearch Institute of Internal Medicine, Medical Research Center Oulu, Oulu University 

Hospital and University of Oulu, Oulu, Finland 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Lipid-lowering treatment and suPAR  
 

2 

hClinical Research Centre, Copenhagen University Hospital Hvidovre, Hvidovre, 

Denmark 

iDepartment of Clinical Biochemistry, Rigshospitalet, Copenhagen, Denmark 

jDepartment of Cardiology, Oslo University Hospital, Oslo, Norway 

 

Corresponding author: Gethin Hodges, Glostrup Hospital, Ndr. Ringvej 57 

2600 Glostrup, Denmark. E-mail: gethin.william.hodges@regionh.dk 

 

Keywords: Atherosclerosis; Biomarker; Cardiovascular disease; Cardiovascular risk;  

Inflammation; Statins; SuPAR. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Lipid-lowering treatment and suPAR  
 

3 

 

Background and aims: Soluble urokinase plasminogen activator receptor (suPAR) is an 

inflammatory marker associated with cardiovascular disease. Statins lower both low-

density lipoprotein (LDL)-cholesterol and C-reactive protein (CRP) resulting in improved 

outcomes. However, whether lipid-lowering therapy also lowers suPAR levels is 

unknown. 

Methods: We investigated whether treatment with Simvastatin 40 mg and Ezetimibe 10 

mg lowered plasma suPAR levels in 1,838 patients with mild-moderate, asymptomatic 

aortic stenosis, included in the Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) 

study, using a pattern mixture model. A 1-year Cox analysis, adjusted for established 

cardiovascular risk factors, allocation to study treatment, peak aortic valve velocity and 

baseline suPAR, was performed to evaluate relationships between change in suPAR 

with all-cause mortality and the composite endpoint of major cardiovascular events 

(MCE) composed of ischemic cardiovascular events (ICE) and aortic valve related 

events (AVE). 

Results: After 4.3 years of follow-up, suPAR levels had increased by 9.2% (95% 

confidence interval [CI]: 7.0% - 11.5%) in the placebo group, but only by 4.1% (1.9% - 

6.2%) in the group with lipid-lowering treatment (p<0.001). In a multivariate 1-year 

analysis, 1-year suPAR was strongly associated with all-cause mortality, hazard ratio 

(HR) = 2.05 (1.17 – 3.61); MCE 1.40 (1.01 – 1.92); and AVE 1.42 (1.02 – 1.99) (all 

p<0.042) for each doubling of suPAR; but was not associated with ICE.  
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Conclusions: Simvastatin and Ezetimibe treatment impeded the progression of the time-

related increase in plasma suPAR levels. Year-1 suPAR was associated with all-cause 

mortality, MCE, and AVE irrespective of baseline levels (SEAS study: NCT00092677).  

  Soluble urokinase plasminogen activator receptor (suPAR) is the soluble 

form of urokinase plasminogen activator receptor (uPAR), a membrane-linked receptor 

present on immunologically active cells, vascular endothelial cells and more recently, 

immature myeloid cells.1 UPAR and circulating suPAR have been implicated in many of 

the pathways involved in atherosclerosis, including the plasminogen activating pathway, 

inflammation, modulation of cell adhesion, migration, and proliferation.2 SuPAR has 

been associated with several cardiovascular diseases, including adverse outcomes in 

patients with mild-moderate aortic stenosis (AS).3,4 It has previously been suggested 

that suPAR could reflect the early inflammation-mediated phase of AS.4 Though it is 

unclear at present whether suPAR is a pathogenic agent in cardiovascular disease, 

evidence suggests that suPAR may be more than a passive biomarker, and has 

recently been shown to be a causative factor in the development of chronic kidney 

disease.5-7  

 Atherosclerosis is an inflammatory driven process involving complex interactions 

between components of the immune system, inflammatory mediators, and atherogenic 

lipoproteins, with accelerated atherosclerosis eventually leading to plaque rupture and 

ischemic events.8 Our enhanced understanding of inflammation in atherogenesis has 

generated interest in targeting these inflammatory pathways to prevent cardiovascular 

disease. For example, the recent Canakinumab Anti-inflammatory Thrombosis 

Outcomes Study (CANTOS) trial was successfull in reducing major cardiovascular 
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events through inhibition of the cytokine interleukin-1β with Canakinumab, and further 

landmark trials with other anti-inflammatory treatments are underway.9,10 Statins are 

known to have anti-inflammatory properties beyond their role as lipid-lowering 

medications, and studies have shown that statin treatment reduced cardiovascular 

events and mortality for individuals with high-levels of inflammation despite them having 

low-levels of low-density lipoprotein (LDL)-cholesterol.11,12 However, it is not known 

whether statin therapy per se affects suPAR levels, or whether modulation of suPAR 

levels results in improved cardiovascular outcome. This is of particular interest as 

suPAR appears to reflect an alternative inflammatory pathway to c-reactive protein 

(CRP), more closely aligned with atherosclerosis, which potentially may yield new 

treatment options.3 

 We, therefore, hypothesized that lipid-lowering treatment with Simvastatin and 

Ezetimibe would reduce suPAR levels; and secondly, that reduction in plasma suPAR 

levels would be associated with fewer cardiovascular events. We tested these two 

hypotheses in patients with mild-moderate, asymptomatic AS: a substudy of the SEAS 

study. 

 

MATERIALS AND METHODS 

 

Study design and patient population 

 The SEAS study originally evaluated the potential of lipid-lowering statin 

treatment to minimize aortic valve events, cardiovascular disease, and death. The 

baseline characteristics, design protocol and results of the main SEAS study have been 

published in detail.13,14 In brief, 1,873 patients with mild-moderate AS, as determined by 
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Doppler ultrasound (aortic peak velocity ≥2.5 and ≤4.0 m/sec), were randomized to 

treatment with either Simvastatin 40 mg and Ezetimibe 10 mg or placebo over a 4.3 

year period. In this substudy, serial plasma suPAR levels were measured at baseline, 1-

year, 4-years and the study end-date (4.3-years) in 1,838 patients (aged 28-86 years; 

39% female). Of these patients, 15 were excluded due to the serum suPAR level being 

outside of the range of the enzyme-linked immunosorbent assay (ELISA). 

 All patients gave written informed consent, and the ethical committees of all 

participating countries (Norway, Sweden, Denmark, Finland, Germany, the United 

Kingdom, and Ireland) approved the study (the SEAS study is registered at 

http://ClinicalTrials.gov, identifier NCT00092677). 

 
 
Biochemical analysis 

Plasma (EDTA) suPAR was analyzed using a commercial CE/IVD approved 

ELISA assay (suPARnostic®, ViroGates, Copenhagen, Denmark). The assay was 

validated to measure suPAR levels between 0.6 and 22 ng/ml. Samples were analyzed 

at the same time point and in the same batch, with an inter-assay coefficient of variation 

of 9.9%. SuPAR has been shown to be without substantial circadian variation, and the 

biomarker is stable in frozen samples.15 

 

Efficacy outcomes 

We evaluated the outcomes of all-cause mortality, and the composite endpoint of 

major cardiovascular events (MCE) composed of ischemic cardiovascular events (ICE - 

a composite of cardiovascular mortality, non-fatal myocardial infarction, hospitalization 

for unstable angina, incidence of coronary artery bypass grafting and primary 
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percutaneous coronary intervention procedures and non-hemorrhagic stroke); and 

aortic valve events (AVE - a composite of aortic-valve replacement surgery, congestive 

heart failure secondary to progression of AS and cardiovascular mortality).   

 
Statistical analysis 

Data were analyzed using IBM SPSS Software version 24 (IBM Corp. Chicago, 

Illinois, USA) and SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for 

longitudinal data analyses. Descriptive statistics are presented as means ± standard 

deviation for normally distributed variables, median and interquartile range for skewed 

variables, and numbers and percentages for categorical variables. For comparisons of 

baseline characteristics, the t-test and the Mann-Whitney U-test were used to compare 

normally and non-normally distributed variables, respectively. Categorical variables 

were compared using the Chi-square test. Two-tailed p values of less than 0.05 were 

considered to be statistically significant. 

Due to having a skewed distribution and a log-linear relationship with clinical 

outcomes, suPAR was transformed with log2 before analysis. In the Cox regression 

analysis, this implies that the hazard ratios reflect the risk associated with doubling of 

the suPAR concentration on the original scale. 

The effect of treatment on change in suPAR was evaluated in a pattern mixture 

model for longitudinal data, which implicitly imputes missing values of suPAR in 

survivors (but not in the dead).16 The pattern mixture model provides optimal and 

unbiased inference under the assumption that missing suPAR data is missing at 

random, as results otherwise may be biased. The model included time, treatment, the 

time-treatment interaction, age, and gender as covariates and assumed an unstructured 
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covariance pattern. Model assumptions were assessed in residual plots, and initial 

analyses revealed no further interactions between the covariates. To evaluate for 

potential survivor bias in the estimate of treatment effect, the proportion of survivors was 

compared between the treatment groups at each follow-up (no differences were found).  

We performed a further multivariable 1-year Cox regression analysis for each 

outcome measure in a subset of 1,079 patients with available biochemical data, 

including the predictors: 1-year suPAR, baseline suPAR, allocation to treatment group, 

age, sex, hypertension, body mass index, smoking status, white blood cells, total 

cholesterol, estimated glomerular filtration rate (eGFR) and peak aortic valve velocity. A 

further analysis was performed with inclusion of log2-transformed CRP. To investigate 

whether suPAR had a mediation role on the association between treatment allocation 

and adverse outcomes, analyses were repeated with and without the inclusion of 

suPAR as a covariate comparing the treatment effect in the two models. The 

proportional hazards assumption for Cox’s models was robust, as verified with plots of 

Martingale residuals (1000 random resamplings were compared to the model's 

functional form) and initial analyses revealed no interactions between suPAR and other 

covariates. 

  
RESULTS 

Baseline characteristics of the study population (subdivided by treatment allocation and 

percentile of suPAR) are shown in Tables 1A and 1B; respectively. Higher levels of 

suPAR were associated with advancing age, female gender, hypertension, smoking, 

and elevated levels of CRP, white blood cell, cholesterol, and creatinine.   
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SuPAR and Simvastatin/Ezetimibe treatment 

  The median level of suPAR among survivors increased over time, both in the 

statin treatment group and the placebo group (Fig. 1A-C). At the final follow-up after a 

mean of 4.3 years, suPAR had increased by 9.2% (95% CI: 7.0% to 11.5%) in the 

survivors of the placebo group, but only by 4.1% (95% CI: 1.9% to 6.2%) in the 

Simvastatin/Ezetimibe treatment group (p<0.001, Fig. 1A). In subgroup analyses 

stratified by gender, suPAR had increased by 10.3% (7.3%;13.5%) in surviving men and 

7.4% (4.3%;10.5%) in surviving women in the placebo group at final follow-up. Similarly, 

with Simvastatin/Ezetimibe treatment suPAR had increased by 4.0% (1.1%;6.9%) in 

surviving men and by 4.1% (1.2%;7.1%) in surviving women (Fig. 1B and 1C). No 

correlation was found between change in suPAR and change in LDL- or HDL-

cholesterol.  

Time to event analysis, survival outcomes 

 During the 4.3 year follow-up period, a total of 205 deaths, 688 MCE events, 634 

AVE events and 335 ICE events occurred; while for the 1-year Cox analysis (excluding 

events occurring within the first year), a total of 120162 deaths, 441 MCE events, 408 

AVE events and 206 ICE events occurred.  

Univariate analysis, including Kaplan-Meier plots, revealed a closer association 

between 1-year suPAR levels and overall mortality as compared to the composite MCE 

endpoint, which was primarily driven by the need for aortic valve replacement (Fig. 2 

and 3). 

In multivariate analysis, 1-year suPAR remained associated with all-cause mortality HR 
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= 2.05 (95% CI: 1.17 – 3.61); MCE 1.40 (95% CI: 1.01 – 1.92) and AVE 1.42 (1.02 – 

1.99); all p<0.042, for each doubling of suPAR, but was nonsignificantly associated with 

ICE (Table 2A and B). In an additional analysis including 1-year CRP, 1-year suPAR 

remained associated with all-cause mortality, MCE and AVE (see Supplementary Data).  

 

DISCUSSION 

 This study is the first to demonstrate that modulation of suPAR levels is 

achievable with medical therapy. The fact that treatment with lipid-lowering drugs known 

to reduce atherosclerotic plaque burden leads to a slower progression in suPAR levels, 

especially in men, is a significant new finding. Furthermore, this study shows that 

dynamic changes in suPAR levels predict all-cause mortality and incidence of MCE and 

AVE irrespective of previous suPAR level. 

 We demonstrated a significant relative reduction in the progression of median 

suPAR levels with Simvastatin/Ezetimibe therapy in the total cohort. When considering 

men and women separately, a significant treatment effect was found in men, but not in 

women. Notwithstanding, the treatment effect did not differ significantly between men 

and women, so this may reflect the smaller sample size in women rather than a 

substantial gender interaction. It is known that suPAR levels are higher in women 

(despite having a lower cardiovascular risk than men), though the cause for this is 

unclear.2 At the penultimate (4 year) follow-up visit, there was a non-significant relative 

reduction in suPAR between the treatment and placebo groups. However, this is most 

likely due to the large proportion of patients missing at this visit, resulting in a loss of 

statistical power. 
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 Statins have known pleiotropic effects in the cardiovascular system beyond their 

role as lipid lowering drugs, and it has been demonstrated previously that sSimvastatin 

and aAtorvastatin reduced the expression of uPAR (the membrane bound form of 

suPAR) in an in vitro endothelial model.17 Although the relative-reduction in the 

progression of suPAR was modest, these results are of particular interest as few 

interventional studies involving suPAR have been performed. Though the nature of this 

biomarker has yet to be fully explored and it is not known whether suPAR has a 

causative role in atherosclerosis, these findings raise interesting questions concerning 

whether alternative combinations of lipid-lowering or anti-inflammatory therapies may be 

more efficient or whether targeting reduction in suPAR levels is a meaningful strategy. It 

is interesting to speculate whether suPAR could enhance risk-stratification and 

potentially influence the decision whether or not to prescribe statins, for example by 

identifying high-risk individuals who might gain the most benefit from statin treatment, 

versus low-risk patients in whom treatment may not be warranted. Concerning 

pharmacological treatment, long-term use of beta-blockers was associated with reduced 

suPAR levels in carotid plaques.18 Lifestyle modification with diet or exercise, despite 

reducing other inflammatory markers like CRP, has not been shown to influence suPAR 

levels in obese pregnant women or cohorts of obese patients with stable coronary artery 

disease.19,20 However, smoking cessation has been demonstrated to lower suPAR 

levels, and research is currently underway to determine the effect of lifestyle 

modifications on suPAR levels and mortality in the general population.21,22 

 Although suPAR and CRP likely reflect different pathophysiological pathways, 

both have previously been shown to be strong predictors of adverse cardiovascular 
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events.3,4,11 A recent study demonstrated that rising CRP was also of prognostic value 

in this cohort and in particular, that patients with higher levels of inflammation benefitted 

most from treatment.12 Our results demonstrate that treatment with 

Simvastatin/Ezetimibe has a measurable but limited impact on suPAR levels, compared 

with the lipid-lowering effect. Although suPAR is associated with adverse events, it is 

presently unclear whether the contribution of statin therapy in reducing suPAR levels 

has a substantial effect on outcomes, as we found no evidence to suggest that suPAR 

had a mediating role in the relation between statin treatment and adverse events 

(Supplementary Data). This suggests that the associaton between suPAR and 

outcomes is likely related to alternative pathways than those that are influenced by 

Simvastatin/Ezetimibe treatment. Another consideration could be that the treatment 

effect on suPAR was too small, or the follow-up period was too short to detect a 

measurable effect. It is also relevant to note that patients with pre-existing inflammatory 

diseases or significant comorbidities were excluded in the original study design, hence 

additional research is necessary to evaluate suPAR in this context. 

 Though the prognostic value of baseline suPAR in predicting adverse 

cardiovascular outcome has previously been shown in this cohort, it is interesting to 

note that change in suPAR levels are equally important concerning mortality, MCE, and 

AVE in the context of risk-stratification of asymptomatic patients with AS. However, it is 

important to note the different pathophysiological pathways involved in the endpoints. 

When considering the constituent endpoints, it appears that the dominant influence of 

suPAR is through its strong association with all-cause mortality (Supplementary Data). 

This report supports current evidence, which suggests that suPAR reflects a chronic 
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atherosclerotic disease burden and subclinical organ damage.3 As well as being 

associated with cardiovascular disease, suPAR is also known to be associated with 

negative outcomes in a number of diseases including cancer, renal and liver 

disease.6,23,24 However, it does not appear from these results that suPAR is related to 

AS disease progression, for example, suPAR is not shown to be related to congestive 

heart failure due to progression of AS, and is not associated with the incidence of aortic 

valve replacement surgery (though it is noted that timing of surgery relies on a clinical 

decision based on a variety of factors). Although 1-year suPAR was not associated with 

ICE in a model including baseline suPAR, this is most likely due to a power issue due to 

the reduced number of events, as we found that both baseline suPAR and 1-year 

suPAR were both significantly associated with ICE when each was included separately 

in the model. A sub-analysis revealed that 1-year suPAR remained associated with all-

cause mortality, MCE and AVE after adjusting for CRP. This finding is consistent with 

previous studies, which suggest that suPAR may reflect an alternative inflammatory 

pathway to CRP.3  

Limitations 

 A major limitation of this study is the inability to determine whether the reduction 

in suPAR levels observed was due to Simvastatin, Ezetimibe or a combination of both 

treatments. The SEAS study excluded patients with significant comorbidities (some of 

which are risk factors for AS progression) hence it does not adequately represent the 

general population of patients with AS. Furthermore, this study was a posthoc study 

without prespecified outcomes, with the obvious limitations this carries. Lastly, it is 
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recognized that a specific cut-off for suPAR is yet to be agreed and further studies are 

needed to establish whether elevated suPAR levels are pathological.  

Conclusions 

 Simvastatin and Ezetimibe treatment is associated with a slower progression of 

the time-related increase in plasma suPAR levels. In patients with mild-moderate 

asymptomatic AS, suPAR is associated with all-cause mortality, MCE, and AVE. Further 

research is warranted to explore the pathophysiology of suPAR and whether targeting 

plasma suPAR is of clinical utility in different cohorts and over a longer follow-up. 
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Figure 1: Relative change in median suPAR for (A) total survivors and (B) male survivors and (C) female 

survivors and subdivided by treatment allocation. 

 

 

Figure 2. Survival analysis for all-cause mortality according to percentile of baseline suPAR level (plotted 

from year 0 to year 1); and percentile of year-1 suPAR (plotted from year 1 to year 4.3). 

No. at risk 
<50th percentile             774                       766                         731                        718                        698 
50-75th percentile          358                       353                         310                        299                        287 
75-95th percentile          299                       293                         273                        245                        234 
>95th percentile               72                         70                           70                          59                          52 
 

 
 
Figure 3. Survival analysis for major cardiovascular events according to percentile of baseline suPAR 
level (plotted from year 0 to year 1); and percentile of year-1 suPAR (plotted from year 1 to year 4.3). 

 
No. at risk 
<50th percentile             774                       751                         724                        663                        586 
50-75th percentile          358                       335                         299                        271                        243 
75-95th percentile          299                       285                         228                        196                        160 
>95th percentile               72                         67                           55                          48                          3 
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Supplementary Data 

Mediation tests: 

To test whether the treatment effect on ICE was mediated through suPAR, we 
performed a mediation analysis comparing models with and without the inclusion of 
suPAR (model 1 and 2, respectively). The inclusion of suPAR did not result in a 
diminished hazard ratio for treatment, suggesting that treatment effect is not mediated 
through suPAR.  
 
Model 1:  
 

 

 

 

 

 

Model 2:  

 
 
Variable 

CEP of ischemic 
cardiovascular events 

HR (95% CI) p-value 
Log2-suPAR 1-year 
(ng/mL) 2.07 (1.44 - 2.97) <0.001 

Age (years) 1.04 (1.03 - 1.06) <0.001 

Female gender 0.69 (0.52 - 0.92) 0.012 

Allocated to statin treatment 0.75 (0.57 - 0.99) 0.040 
   
Abbreviations: CEP, composite end point; CI, confidence interval; HR, hazard ratio; 
suPAR, soluble urokinase plasminogen activator receptor. 
 

 

 

 

 

 
 
Variable 

CEP of ischemic 
cardiovascular events 

HR (95% CI) p-value 

Age (years) 1.06 (1.04 - 1.76) <0.001 

Female gender 0.76 (0.57 - 1.00) 0.046 

Allocated to statin treatment 0.75 (0.58 - 0.98) 0.035 
   
Abbreviations: CEP, composite end point; CI, confidence interval; HR, hazard ratio. 
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Table 1: Baseline characteristics of the total study population by (A) treatment allocation and (B) percentile of baseline 
suPAR. 
 
 
A 
 

Variable 
Total 

(n=1838) 
Treatment 

(n=921) 
Placebo  
(n=917) 

Age (years) 67±10 68±9 67±10 

Female sex (%) 39 39 39 

Systolic BP (mmHg) 145±20 146±20 144±20 

Diastolic BP (mmHg) 82±10 82±11 82±10 

LVEF (%) 66±8 66±8 66±8 

Hypertension (%) 86 86 86 

Current smoker (%) 19 20 18 

BMI (kg/m2) 27±4 27±4 27±4 

suPAR (ng/mL)  2.6 (2.1, 3.3) 2.6 (2.1, 3.4) 2.6 (2.1, 3.3) 

Glucose (mmol/L)  5.2 (4.8, 5.6) 5.2 (4.9, 5.6) 5.2 (4.8, 5.6) 

CRP (mg/L)  2.1 (0.9, 4.5) 2.1 (0.9, 4.1) 2.2 (0.9, 4.9) 

WBC (109/L)   6.0±1.6 5.9±1.5 6.0±1.6 

Total cholesterol (mmol/L) 5.7±1.0 5.8±1.0 5.7±1.0 

LDL-cholesterol (mmol/L) 3.6±0.9 3.6±0.9 3.6±0.9 

HDL-cholesterol (mmol/L) 1.5±0.4 1.5±0.4 1.5±0.4 

Triglycerides (mmol/L) 1.2 (1.0, 1.7) 1.2 (1.0, 1.7) 1.2 (0.9, 1.7) 

Creatinine (µmol/L) 94±16 94±16 94±15 

Concomitant treatment (%)   
 

ACE inhibitor 28 28 28 

Angiotensin II receptor blocker 20 17 18 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Aspirin / other platelet inhibitors 43 48 45 
ß-Blocker 48 51 50 
Calcium antagonist 28 28 28 

 
 

B 

Variable Percentile of suPAR  

suPAR (ng/mL) 
<50% 

(≤2.60) 
50-75% 

(2.60 - 3.30) 
75-95% 

(3.30-5.10) 
95% 

(>5.10) 
P-value for  
difference 

Age (years) 65±9 70±9 72±9 72±9 <0.001 

Female sex (n, %) 262 (34) 154 (43) 136 (45) 30 (42) <0.001 

Systolic BP (mmHg) 143±19 147±20 148±21 146±19 <0.0 01 

Diastolic BP (mmHg) 82±11 82±10 81±11 80±10 0.067 

LVEF (%) 66±6 67±7 66±7 68±8 0.099 

Hypertension (n, %) 642 (83) 320 (89) 268 (90) 69 (95) <0.001 

Current smoker (n, %) 109 (14) 71 (20) 72 (24) 20 (28) <0.001 

BMI (kg/m2) 27±4 27±5 28±5 27±5 0.044 

Glucose (mmol/L) 5.2 (4.8, 5.6) 5.2 (4.8, 5.6) 5.2 (4.8, 5.7) 5.3 (4.9, 5.8) 0.189 

CRP (mg/L) 1.6 (0.8, 3.3) 2.6 (1.1, 4.9) 2.9 (1.4, 5.5) 4.4 (2.5, 8.6) <0.001 

WBC (109/L) 5.7±1.4 6.1±1.6 6.4±1.7 6.6±1.6 <0.001 

Total cholesterol (mmol/L) 5.8±1.0 5.7±1.0 5.6±1.0 5.4±1.0 <0.001 

LDL-cholesterol (mmol/L) 3.6±0.9 3.5±0.9 3.5±0.9 3.3±0.8 0.014 

HDL-cholesterol (mmol/L) 1.6±0.4 1.5±0.4 1.4±0.4 1.4±0.4 <0.001 

Triglycerides (mmol/L) 1.2 (0.9, 1.8) 1.2 (1.0, 1.7) 1.3 (1.0, 1.7) 1.2 (1.0, 2.0) 0.434 

Creatinine (µmol/L) 91±13 94±16 98±19 102±20 <0.001 
      

Concomitant treatment (n,%)      
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ACE inhibitor 210 (27) 109 (30) 82 (27) 18 (25) 0.633 

Angiotensin II receptor blocker 125 (16) 72 (20) 67 (22) 13 (18) 0.089 

Aspirin / other platelet inhibitors 306 (40) 192 (54) 150 (50) 31 (43) <0.001 

ß-Blocker  364 (47) 195 (55) 149 (50) 39 (54) 0.109 

Calcium antagonist 174 (23) 118 (33) 99 (33) 30 (42) <0.001 

      
ACE, angiotensin-converting enzyme; BP, blood pressure; BMI, body mass index; CRP, c-reactive protein; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; LVEF, left-ventricular ejection fraction; suPAR, soluble urokinase plasminogen activator 
receptor; WBC, white blood cells. 
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Table 2 Multivariate Cox regression model predictions for (A) all-cause mortality and CEP of major cardiovascular events and (B) CEP of 
ischemic cardiovascular events and aortic valve events. 
 
A 

 
 
Variable 

 
 

All-cause mortality 
HR (95% CI)                            p-value 

CEP of major 
cardiovascular events 

HR (95% CI)     p-value 
     

Log2-suPAR 1-year (ng/mL) 2.05 (1.17 – 3.61)  0.013 1.40 (1.01 – 1.92) 
 

0.042 

Log2-suPAR baseline (ng/mL) 0.93 (0.49 – 1.74) 0.818 0.92 (0.67 - 1.29) 0.924 

Age (years) 1.11 (1.07 - 1.15) <0.001 1.00 (0.98 - 1.02) 0.705 

Female gender 0.88 (0.53 - 1.46) 0.622 1.09 (0.86 - 1.38) 0.487 

Allocated to statin treatment 0.88 (0.58 - 1.33) 0.541 0.85 (0.69 – 1.05) 0.130 

Ex-smokera 1.53 (0.93 - 2.53) 0.094 1.18 (0.93 - 1.50) 0.183 

Current smokera 2.05 (1.09 - 3.88) 0.027 1.08 (0.79 - 1.49) 0.617 

Hypertension 1.54 (0.96 – 2.45) 0.071 0.88 (0.70 – 1.09) 0.233 

BMI 1.01 (0.97 - 1.06)  0.601 1.02 (0.99 - 1.04) 0.173 

WBC (109/L) 1.11 (0.98 - 1.27) 0.097 1.09 (1.01 - 1.17) 0.029 

Total cholesterol (mmol/L) 0.88 (0.71 - 1.10) 0.274 1.00 (0.89 - 1.12) 0.971 

eGFR (ml/min/1.73 m2) 1.01 (0.99 - 1.03) 0.533 1.00 (0.99 - 1.01) 0.810 

Peak aortic valve velocity (m/s) 1.15 (0.79 - 1.67) 0.478 3.82 (3.13 - 4.68) <0.001 
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B  

 
 
Variable 

 
 

CEP of ischemic 
cardiovascular events 

HR (95% CI)                            p-value 

CEP of aortic valve 
events 

HR (95% CI)     p-value 
     

Log2-suPAR 1-year (ng/mL) 1.19 (0.75 – 1.88) 0.458 1.42 (1.02 – 1.99) 0.038 

Log2-suPAR baseline (ng/mL) 1.28 (0.80 – 2.04) 0.304 0.88 (0.63 - 1.24) 0.469 

Age (years) 1.05 (1.03 - 1.07) <0.001 1.00 (0.99 - 1.01) 0.972 

Female gender 0.71 (0.50 - 1.02) 0.065 1.14 (0.90 - 1.45) 0.282 

Allocated to statin treatment 0.68 (0.50 - 0.92) 0.014 0.88 (0.71 – 1.10) 0.254 

Ex-smokera 0.97 (0.67 - 1.40) 0.865 1.22 (0.96 - 1.57) 0.110 

Current smokera 1.32 (0.84 – 2.07) 0.232 1.11 (0.80 - 1.54) 0.526 

Hypertension 1.11 (0.80 - 1.54) 0.524 0.87 (0.70 - 1.09) 0.871 

BMI 0.99 (0.95 - 1.03) 0.535 1.01 (0.99 - 1.04) 0.357 

WBC (109/L) 1.16 (1.05 - 1.28) 0.004 1.08 (1.00 - 1.17) 0.043 

Total cholesterol (mmol/L) 1.09 (0.92 - 1.28) 0.319 0.99 (0.88 - 1.11) 0.873 

eGFR (ml/min/1.73 m2) 1.01 (0.99 - 1.02) 0.300 1.00 (0.99 - 1.01) 0.830 

Peak aortic valve velocity (m/s) 2.07 (1.56 - 2.75) <0.001 4.33 (3.51 – 5.33) <0.001 

     
Abbreviations: BMI, body mass index; CEP, composite end point; CI, confidence interval; eGFR, estimated glomerular filtration 
rate; HR, hazard ratio; suPAR, soluble urokinase plasminogen activator receptor; WBC, white blood cells. 
 
aReference group: never smoked 
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Table 3:  Relative change in suPAR in survivors 

 Treatment group                                  Placebo group  

Follow-up 
(year) 

Relative change 
in median suPAR  

(95% CI) 

Number (%) of 
survivors at each 

follow-up 

Relative change in 
median suPAR  

(95% CI) 

 
Number (%) of 

survivors at 
each follow-up 

 
 

P-value for 
difference in 

change in suPAR 

Total      

1 0.97 (0.92 - 1.03) 922 (99%) 1.00 (0.95 - 1.07) 912 (99%) 0.453 

4 1.04 (0.95 - 1.15) 852 (91%) 1.09 (0.99 - 1.20) 841 (91%) 0.548 

4.3 1.04 (1.02 - 1.06) 843 (90%) 1.09 (1.07 - 1.11) 835 (90%) <0.001 

Females      

1 0.98 (0.89 - 1.08) 358 (99%) 1.00 (0.91 - 1.11) 357 (99%) 0.770 

4 1.07 (0.92 - 1.24) 333 (93%) 1.09 (0.93 - 1.28) 334 (93%) 0.823 

4.3 1.04 (1.01 - 1.07) 327 (91%) 1.07 (1.04 - 1.10) 332 (92%) 0.109 

Males      

1 0.97 (0.90 - 1.04) 564 (98%) 1.01 (0.94 - 1.08) 555 (98%) 0.469 

4 1.03 (0.92 - 1.17) 519 (90%) 1.08 (0.96 - 1.22) 507 (90%) 0.554 

4.3 1.04 (1.01 - 1.07) 516 (90%) 1.10 (1.07 - 1.13) 503 (89%) 0.002 

      

      
CI, confidence interval; suPAR, soluble urokinase plasminogen activator receptor. 
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Table 4 Multivariate Cox regression model predictions for (A) all-cause mortality and composite endpoint of major cardiovascular events (including 
CRP) and (B) composite endpoints of ischemic cardiovascular events, aortic valve events and including CRP. 
 
A 

 
 
Variable 

 
 

All-cause mortality 
HR (95% CI)                            p-value 

CEP of major 
cardiovascular events 

HR (95% CI)     p-value 
     

Log2-suPAR 1-year (ng/mL) 2.04 (1.16 – 3.59) 0.013 1.40 (1.01 - 1.92) 0.042 

Log2-suPAR baseline (ng/mL) 0.89 (0.47 – 1.68) 0.893 0.92 (0.66 – 1.29) 0.633 

Log2-CRP 1-year (mg/dL) 1.08 (0.94 – 1.24) 0.281 1.00 (0.94 - 1.08) 0.916 

Age (years) 1.11 (1.07 - 1.15) <0.001 1.00 (0.99 - 1.01) 0.710 

Female gender 0.87 (0.52 - 1.43) 0.572 1.09 (0.86 - 1.37) 0.493 

Allocated to statin treatment 0.90 (0.59 - 1.37) 0.612 0.85 (0.60 – 1.05) 0.132 

Ex-smokera 1.53 (0.93 – 2.52) 0.097 1.18 (0.93 - 1.50) 0.183 

Current smokera 2.06 (1.09 – 3.91) 0.027 1.09 (0.79 - 1.49) 0.616 

Hypertension 1.54 (0.96 - 2.46) 0.071 0.88 (0.70 - 1.09) 0.232 

BMI 1.01 (0.96 - 1.06) 0.758 1.01 (0.99 - 1.04) 0.196 

WBC (109/L) 1.09 (0.95 - 1.25) 0.218 1.09 (1.01 - 1.17) 0.035 

Total cholesterol (mmol/L) 0.88 (0.71 - 1.10) 0.273 1.00 (0.89 - 1.12) 0.973 

eGFR (ml/min/1.73 m2) 1.01 (0.99 - 1.03) 0.553 1.00 (0.99 - 1.01) 0.810 

Peak aortic valve velocity (m/s) 1.12 (0.77 - 1.64) 0.558 3.82 (3.12 – 4.67) <0.001 

     
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

B 

Variable 

CEP of ischemic 
cardiovascular events 

HR (95% CI) p-value 

CEP of aortic valve 
events 

HR (95% CI) p-value 

Log2-suPAR 1-year (ng/mL) 1.19 (0.75 – 1.88) 0.462 1.43 (1.02 - 1.99) 0.037 

Log2-suPAR baseline (ng/mL) 1.27 (0.80 – 2.04) 0.315 0.87 (0.62 – 1.23) 0.874 

Log2-CRP 1-year (mg/dL) 1.01 (0.91 – 1.12) 0.845 1.02 (0.95 - 1.09) 0.624 

Age (years) 1.05 (1.03 -1.07) <0.001 1.00 (0.99 - 1.01) 0.992 

Female gender 0.71 (0.49 - 1.02) 0.065 1.14 (0.89 – 1.45) 0.298 

Allocated to statin treatment 0.68 (0.50 - 0.93) 0.015 0.88 (0.71 – 1.10) 0.265 

Ex-smokera 0.97 (0.67 - 1.40) 0.870 1.23 (0.96 – 1.57) 0.109 

Current smokera 1.32 (0.84 - 2.07) 0.232 1.11 (0.80 – 1.54) 0.523 

Hypertension 1.11 (0.80 - 1.54) 0.529 0.87 (0.69 – 1.09) 0.226 

BMI 0.99 (0.95 - 1.03) 0.517 1.01 (0.99 – 1.04) 0.448 

WBC (109/L) 1.15 (1.04 - 1.28) 0.006 1.08 (1.00 – 1.17) 0.062 

Total cholesterol (mmol/L) 1.09 (0.92 - 1.28) 0.318 0.99 (0.88 – 1.11) 0.883 

eGFR (ml/min/1.73 m2) 1.01 (0.99 - 1.02) 0.299 1.00 (0.99 - 1.01) 0.832 

Peak aortic valve velocity (m/s) 2.06 (1.55 - 2.74) <0.001 4.32 (3.50 – 5.32) <0.001 

BMI, body mass index; CEP, composite end point; CI, confidence interval; eGFR, estimated glomerular filtration rate; 
HR, hazard ratio; suPAR, soluble urokinase plasminogen activator receptor; WBC, white blood cells. 
 
aReference group: never smoked 
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Highlights 
 

• Simvastatin and Ezetimibe treatment is associated with a slower progression 

of the time-related increase in plasma suPAR levels  

• SuPAR predicts adverse outcomes in patients with mild-moderate 

asymptomatic aortic stenosis.  

• Change in suPAR levels are of prognostic value in this cohort 

 


