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ARTICLE INFO ABSTRACT

Keywords: Despite progress in treatment, elevated levels of low-density lipoprotein cholesterol (LDL-C) and lipoprotein (a)
Inflammation (Lp(a)), represent a significant part of the residual risk. Both are associated with inflammation and the coagu-
Hemostasis

lation fibrinolytic system. The purpose of our research was to evaluate the effect of proprotein convertase
subtilisin/kexin type 9 inhibitors (PCSK9i) on lipid parameters and indicators of inflammation, coagulation and
fibrinolysis. We included 100 post myocardial infarction (MI) patients with insufficiently controlled LDL-C values
despite the maximum dose of statin, and highly elevated Lp(a). Patients received alirocumab or evolocumab
(150 mg sc or 140 mg sc every two weeks, respectively), or placebo for 6 months.

In patients receiving PCSK9i, a significant decrease in total cholesterol (TC), LDL-C, triglycerides (TG) and Lp
(a), and an increase in high density lipoprotein cholesterol (p < 0.001 for all) was found. Before treatment, the
concentrations of TC, LDL-C and TG correlated with the concentrations of thrombin activatable fibrinolysis in-
hibitor (r = 0.41, p < 0.001; r = 0.353, p < 0.001; r = 0.311, p = 0.003, respectively), and plasminogen activator
inhibitor-1 (r = 0.302, p = 0.007; r = 0.218, p = 0.049; r = 0.278; p = 0.013, respectively). The concentrations
of TC and LDL-C correlated with overall fibrinolytic potential (r = —0.220, p = 0.034; r = —0.207, p = 0.047,
respectively). The concentration of TG was related to the concentration of interleukin 6 (r = 0.290, p = 0.004)
and interleukin 8 (r = 0.332, p = 0.001). No correlations between Lp(a) and inflammatory or hemostatic var-
iables were found. No associations were found after treatment. Our results show that inflammatory cytokines and
fibrinolytic parameters are related to LDL-C and not Lp(a) in post-MI patients before and with neither of them
following PCSK9i treatment.

The trial registration number: NCT04613167, Date of registration: November 3, 2020.
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1. Introduction proportion of patients with coronary artery disease (CAD) still have their

values well above the target (Gitt et al., 2017). Many patients also have

Low-density lipoprotein cholesterol (LDL-C) lowering with statins
greatly reduces the cardiovascular complications (Schubert et al., 2021).
However, these beneficial effects cannot be attributed solely to LDL-C
reduction, but also to the so-called pleiotropic effects of statins. These
effects are not directly related to lipids, but to reduction of inflammation
and changes in hemostasis (Oesterle et al., 2017). Statins thus improve
the properties of the arterial vessel wall (Masoura et al., 2011), as well as
lower the values of high-sensitivity C-reactive protein (hs-CRP), in
particular in patients with high baseline values of this marker (Nissen
et al., 2005). Despite that statins lower LDL-C by at least 50%, a large

increased lipoprotein (a) (Lp(a)) values, which independently of LDL-C
increase the future cardiovascular risk (Erqou et al., 2009). The
increased concentration of Lp(a) is associated with both, inflammation
and hemostasis (Ugovsek and Sebestjen, 2022). Lp(a) upregulates the
inflammatory cytokines such as interleukin (IL)-1f, IL-6, IL-8, tumor
necrosis factor-o (TNF-a), and the adhesion molecules on endothelial
cells such as vascular cell adhesion protein-1 (VCAM-1), intercellular
adhesion molecule-1 (ICAM-1), E-selectin, P-selectin and others
(Simantiris et al., 2022). Despite that Lp(a) levels are more than 90%
genetically determined, inflammatory markers can also increase its
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concentration (Miiller et al., 2015). Statin treatment reduces hs-CRP, the
most well-recognized inflammatory marker. The decrease in hs-CRP
independently of a decrease in LDL-C also predicts the occurrence of
new coronary events (Ridker et al., 2008). Statins also reduce TNF-a that
in conjunction with IL-6 stimulate the synthesis of acute-phase proteins
(Ascer et al., 2004). Many pleotropic effects of statins have been known
for a long time, but new ones appear every day, and there are even more
discoveries in the field of mechanisms of these effects of statins that do
not depend on their lipolytic action (German and Liao, 2023). Treatment
with proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i)
showed no effect on hs-CRP. However, the vast majority of these patients
were previously treated with statins (Ruscica et al., 2019; Scicali et al.,
2021). Only one study found a reduction of IL-6 and TNF-a following
PCSKO9i treatment in statin naive patients (Basiak et al., 2022b). The
improvement of the properties of the arterial vessel wall after treatment
with PCSK9i does not depend on their effect on LDL-C, which is other-
wise their main property (Schremmer et al., 2023).

Due to high structural similarity between apolipoprotein a (apo(a)),
which is a component of Lp(a), and plasminogen, Lp(a) is also involved
in hemostasis. Lp(a) competes with plasminogen for binding sites on
plasmin, thus possessing a prothrombotic effect. Lp(a) also increases the
activation of platelets and the synthesis of plasminogen activator
inhibitor-1 (PAI-1), thereby inhibiting fibrinolysis (Stulnig et al., 2019).
All these effects cause an increased prothrombotic risk in subjects with
elevated Lp(a). Statin treatment in CAD patients stimulates fibrinolysis
(Seljeflot et al., 2002) that is not due to the LDL-C reduction (Dangas
et al., 2000). Data on the effect of PCSK9i on hemostasis are very scarce.
Statin-intolerant patients with familial hypercholesterolemia showed no
changes in D-dimer and fibrinogen, which are the most robust markers
of accelerated fibrinolysis (Schol-Gelok et al., 2018). In statin naive high
risk patients (Basiak et al., 2022b), PCSK9i decreased both, fibrinogen
and PAI-1 (Basiak et al., 2022a). Thrombin activatable fibrinolysis in-
hibitor (TAFI) is activated by thrombin and downregulates fibrinolysis
by preventing the connection between fibrinogen and tissue type plas-
minogen activator (t-PA) (Mosnier and Bouma, 2006). TAFI activity is
an independent predictor for future cardiovascular events in patients
with acute myocardial infarction (MI) (Leenaerts et al., 2015), as well as
for refractiveness in patients with unstable angina pectoris (Brouwers
et al., 2003). Atorvastatin in patients with hypercholesterolemia im-
proves fibrinolysis through reduced thrombin formation and thus also
TAFI activity (Bruni et al., 2004).

Here, we aimed to determine whether PCSK9i in post-MI patients
with very high Lp(a) affect inflammation and hemostasis. We were also
interested whether these effects are related to changes in LDL-C and Lp
(a), since PCSK9i effectively reduce both.

2. Materials and methods
2.1. Patients

The current study was performed using a patient cohort as published
previously (Rehberger Likozar and Sebestjen, 2022). Briefly, 100 pa-
tients in stable phase after MI (first acute coronary syndrome before the
age of 55) and elevated Lp(a) (above 1000 mg/L or an Lp(a) level above
600 mg/L and an LDL-C level of more than 2.6 mmol/L) were included.
Patients were randomized (according to a randomisation list) to three
groups: standard lipid-lowering therapy with no PCSK9i (control; N =
31), or alirocumab 150 mg SC (N = 35) or evolocumab 140 mg SC (N =
34), every two weeks.

All the procedures performed in this study that involved human
participants were carried out in accordance with the ethical guidelines
of the 1964 Declaration of Helsinki. Approval for this study was ob-
tained from the National Medical Ethics Committee of the Republic of
Slovenia (reference number: KME 0120-357/2018/8). The study was
registered with CinicalTrials under the number NCT04613167.

All patients signed a written informed consent prior to inclusion in
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the study.
2.2. Clinical examination

The blood pressure was measured in the sitting position after a
minimum of 10 min of rest and the average of three measurements was
determined. Anthropometric parameters were determined, and body
mass index (BMI) was calculated.

2.3. Biochemical analysis

The blood for laboratory analyzes was taken in the morning after 12
h of fasting. Samples were collected from the antecubital vein into
vacuum-sealed 5 ml tubes containing clot activator (Vacutube, LT Bur-
nik, Slovenia). Serum was obtained by 15-min centrifugation at 2000 xg.
Total cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), apo Al and B were determined in the fresh serum
by standard colorimetric or immunologic assays on an automated
biochemistry analyzer (Fusion 5.1; Ortho-Clinical Diagnostics, USA).
The same biochemistry analyzer was used to determine Lp(a) with the
Denka reagent (Randox, UK), which contains apo(a) isoform-insensitive
antibodies, and therefore showed minimal apo(a) size-related bias. The
Friedewald formula (Friedewald et al., 1972) was used to calculate
LDL-C. TAFI activity in plasma was measured using the chromogenic
method utilizing Pefakit® TAFI reagents (Pentapharm, Switzerland) on
an automated coagulation analyzer CS-2500 (Sysmex, Japan). PAI-1
antigen in plasma was measured using a classic sandwich ELISA
(ASSERACHROM PAI-1, Diagnostica Stago, France). Measurements of
TNF-a, hs-CRP, IL-6, IL-8, and IL-10 levels in serum were performed
using the Luminex’s xXMAP® Technology utilizing magnetic beads
coupled with specific antibodies, which allowed multiplexing. All
analysis was performed according to manufacturer’s instructions (R&D
Systems, UK). Overall coagulation potential (OCP), overall hemostatic
potential (OHP) and overall fibrinolytic potential (OFP) were measured
and calculated as described before (Anzej Doma et al., 2013).

2.4. Statistical analysis

Kolmogorov-Smirnov tests were used to assess the distribution of the
variables. Variables showing normal distributions are expressed as
means +standard deviations. The non-normally distributed variables
are expressed as medians and range (lower and upper quartiles).
Changes/deltas in variables were calculated using the following for-
mula: (variable after 6 months of treatment-variable at beginning of the
study)/variable at the beginning of the study and expressed as per-
centage. Pearson and Spearman correlation analysis was performed to
determine the correlation between the parameters. The difference be-
tween the parameters at baseline and after 6 months of treatment were
calculated using paired samples t-test or Mann-Whitney test. GPower
was used to perform the power of the study calculations. The required
sample size was determined using the apriori analysis with the 0.80
power of the study, 0.15 effect size and 0.05 « error probability (Faul
etal., 2009). Statistical analysis was performed using IBM SPSS Statistics
for Windows, (Version 25.0. Armonk, NY: IBM Corp.) and GraphPad
Prism version 8 for Windows (GraphPad Software, San Diego, CA, USA;
www.graphpad.com).

3. Results
3.1. Patient characteristics

A total of 100 patients with clinically stable CAD of at least 6 months
after MI, with mean age at first coronary event of 43 years were included
in the study. Most of them were male (86%), 11.4% were diabetics and
5.7% were active smokers. All the patients were receiving statins at the
highest tolerated dose without/with ezetimibe, angiotensin-converting
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enzyme inhibitors/angiotensin receptor blockers, p-blockers, and anti-
platelet therapy. The 100 patients were recruited in this study during the
period of November 2020 to May 2021 and followed for 6 months. All
included patients showed clinically stable CAD of at least 6 months after
MI, with mean age at first coronary event <55 years. The patients were
randomized to the control (N = 31), alirocumab (N = 35) and evolo-
cumab (N = 34) groups. Given that there were no differences between
the groups of patients who received active treatment, we analyzed them
as one group. One patient in the alirocumab group did not finish the
study due to problems associated with COVID-19 disease.

The mean ages of the groups showed no significant differences (47.5
+ 9.5, 50.7 + 7.2 years, respectively; p = 0.350).

There were also no significant differences between the groups for
systolic (124 + 10, 128 + 16 mmHg, respectively; p = 0.354) and dia-
stolic (76 + 8, 77 + 8, mmHg, respectively; p = 0.919) blood pressures,
and these values did not change during the study. There were 3 (9.7%), 9
(13,0%) current smokers in the respective groups; the distribution of
these smokers was not statistically significant between the groups (chi-
squared test, p = 0.547). For diabetes mellitus, there were 7 (20.0%), 7
(10.0%) patients across the groups, respectively; the differences be-
tween the groups here were not statistically significant (chi-squared test,
p = 0.190).

3.2. Lipid parameters

As expected, treatment with PCSK9i led to significant reductions in
TC, LDL-C, apo B and TG. At the same time, there was also a significant
increase in HDL-C, apo Al and total PCSK9 in the treated group. A
significant increase in apo Al and total PCSK9 also occurred in the
placebo group, but the increase was more pronounced in the PCSK9i
group (Table 1).

Table 1
Lipoproteins and total PCSK9 at baseline and after 6 months of treatment.

Parameter Group Baseline After 6 months p

Total Placebo 4.29 £+ 0.99 4.38 £ 0.93 0.425

cholesterol PCSK9i 4.25 + 0.81 2.74 + 0.95 <0.001

(mmol/L) P 0.812 <0.001

LDL Placebo 2.40 £+ 0.99 2.43 £ 0.80 0.735

cholesterol PCSK9i 2.31 +£0.70 0.88 + 0.82 <0.001

(mmol/L) P 0.871 <0.001

HDL Placebo 1.12+0.23 1.20 £ 0.31 0.010

cholesterol PCSK9i 1.20 + 0.28 1.27 + 0.32 <0.001

(mmol/L) P 0.227 0.369

Triglycerides Placebo 1.62 (1.00-2.16) 1.64 (1.11-2.09) 0.600

(mmol/1) PCSK9i 1.50 (1.06-2.11) 1.20 (0.78-1.81) <0.001
P 0.840 0.025

Apo Al Placebo 1.23 (1.16-1.34) 1.27 (1.20-1.43) 0.002

(g/L) PCSK9i 1.30 (1.20-1.46) 1.35 (1.22-1.55) 0.001
P 0.170 0.186

Apo B Placebo 0.80 (0.73-1.00) 0.82 (0.67-0.96) 0.099

(g/L) PCSK9i 0.82 (0.63-0.98) 0.35 (0.35-0.48) <0.001
p 0.565 <0.001

Lp(a) Placebo 1491 (1185-1739) 1397 (1224-1574) 0.701

(mg/L) PCSK9i 1416 (1201-1781) 1133 (820-1664) <0.001
p 0.915 0.035

Total PCSK9 Placebo 240.3 352.1 (251.1-469.0) 0.007

(195.1-364.4)
(ng/L) PCSK9i 285.7 2784.3 <0.001
(210.0-401.3) (2508.4-3185.8)

P 0.265 <0.001

Data are medians (lower-upper quartile) or means + standard deviation. The
differences between the two groups were calculated with t-test or Mann-Whitney
test. The difference between the parameters at baseline and after 6 months of
treatment within each group were calculated using paired samples t-test or
Wilcoxon matched-pairs signed-rank test.

LDL-C, low-density lipoprotein; HDL-C, high-density lipoprotein; Apo Al,
apolipoprotein Al; Apo B, apolipoprotein B; Lp(a), lipoprotein(a); PCSK9i,
PCSK9 inhibitor.
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3.3. Inflammatory markers

No significant decrease in the concentration of the inflammatory
markers, i.e., hs-CRP, IL-6, and IL-8, was observed in any of the groups.
Nevertheless, the difference in IL-8 change between the groups was
statistically significant (p = 0.026). The concentration of TNF-a in the
group treated with PCSK9i did not significantly decrease, however the
concentration of TNF-a in the placebo group increased, hence the dif-
ference in TNF-a changes between treated and placebo group was sta-
tistically significant (p = 0.016). Similarly, statistically significant
difference between the treated and placebo group was observed in IL-6
changes (p = 0.005). The concentration of VCAM1 increased in the
PCSK9i treated group, while there were no significant changes in the
placebo group. The concentration of VCAM1 between PCSK9i treated
and placebo group was marginally statistically significantly different at
the end of the study (p = 0.082), but the difference in changes was not
(p = 0.122) (Table 2).

3.4. Hemostatic parameters

Treatment with PCSKO9i significantly increased the concentration of
PAI-1 (p = 0.015), while a significant increase in PAI-1 also occurred in
the placebo group (p = 0.007). Treatment with PCSK9i increased the
concentration of TAFI with borderline significance (p = 0.062). The
difference between the changes in the concentration between groups
was statistically significant for PAI-1 (p = 0.004), but not for TAFI (p =
0.749). There were no statistically significant results in the concentra-
tion of FVIII, platelets and D-dimer in any of the groups. OCP increased
significantly in the placebo group, with no change in the PCSK9i group.
The difference between the two changes was statistically significant (p
= 0.049). However, we did not find any significant differences or
changes in OFP or OHP (Table 3).

3.5. Relationship between lipid, inflammatory and hemostatic variables

Before the treatment, the concentrations of TC, LDL-C and TG
correlated with the concentration of TAFI (r = 0.41, p < 0.001, r =
0.353, p < 0.001, and r = 0.311, p = 0.003, respectively) and PAI-1 (r =
0.302, p = 0.007, r = 0.218, p = 0.049 and r = 0.278, p = 0.013,
respectively). D-dimer correlated with TC (r = 0.207, p = 0.047) (Fig. 1).

Table 2
Inflammatory markers at baseline and after 6 months of treatment.
Marker Group Baseline After 6 months )
hs-CRP (mg/L) Placebo 0.80 (0.39-2.23) 0.79 (0.36-1.96) 0.542
PCSK9i 0.87 (0.37-1.93) 0.83 (0.31-1.65) 0.666

p 0.592 0.540
Placebo  3.74 (2.99-5.02) 3.91 (3.05-5.57) 0.194
PCSK9i 3.91 (3.36-5.36) 3.33 (2.53-6.47) 0.557
p 0.336 0.072

TNF-a (ng/L)

IL-6 (ng/L) Placebo  1.69 (1.19-2.18) 1.69 (1.20-2.99) 0.486
PCSK9i 1.69 (1.20-2.53) 1.36 (1.16-2.18) 0.126
p 0.807 0.089
1L-8 (ng/L) Placebo  12.05 11.50 0.457
(10.80-16.10) (10.80-17.00)
PCSK9i 13.50 15.50 0.136
(10.65-18.30) (10.80-24.83)
p 0.594 0.198
VCAM-1 (ng/ Placebo  0.68 (0.56-0.83) 0.60 (0.53-0.82) 0.563
L) PCSK9i 0.62 (0.51-0.89) 0.71 (0.56-0.90) 0.025
p 0.875 0.082

Data are medians (lower-upper quartile) or means + standard deviation. The
differences between the two groups were calculated with t-test or Mann-Whitney
test. The difference between the parameters at baseline and after 6 months of
treatment within each group were calculated using paired samples t-test or
Wilcoxon matched-pairs signed-rank test.

hs-CRP, high-sensitivity C-reactive protein; TNF-q, tumor necrosis factor-o; IL,
interleukin; VCAM-1, vascular cell adhesion protein-1; PCSK9i, PCSK9 inhibitor.
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Table 3
Markers of hemostasis at baseline and after 6 months of treatment.

Marker Group Baseline After 6 months p

TAFI (%) Placebo 94.40 £ 15.95 95.86 + 15.03 1.000
PCSK9i 99.18 + 15.46 101.18 £+ 15.40 0.062
P 0.196 0.234

PAI-1 Placebo 25.00 (18.00-41.00) 36.00 (25.00-59.75) 0.007

(ng/mL) PCSK9i 36.50 (22.25-56.75) 45.00 (36.00-72.00) 0.015
P 0.162 0.121

FVIIL Placebo 1.46 (1.19-1.64) 1.42 (1.20-1.70) 0.336

(IU/mL) PCSK9i 1.56 (1.24-1.74) 1.54 (1.26-1.80) 0.441
P 0.431 0.489

Platelets Placebo 229 (204-262) 220 (195-279) 0.501

(x 10°/L) PCSK9i 228 (198-274) 225 (195-271) 0.093
P 0.902 0.945

D-dimer Placebo 340 (190-544) 354 (208-554) 0.089

(pg/L) PCSK9i 270 (190-482) 297 (193-462) 0.979
P 0.565 0.311

OCP Placebo 22.50 (20.10-26.90) 22.70 (19.20-25.50) 0.032

(Abs-sum) PCSK9i 23.45 (19.78-28.13) 24.50 (19.80-28.80) 0.503
P 0.687 0.109

OFP (%) Placebo 71.59 + 7.27 71.30 + 8.10 0.659
PCSK9i 71.54 + 8.32 71.82 + 8.02 0.853
P 0.706 0.809

OHP Placebo 6.30 (5.40-8.30) 6.10 (4.78-8.35) 0.886

(Abs-sum) PCSK9i 6.60 (4.73-8.65) 6.30 (5.10-7.80) 0.226
P 0.827 0.459

Data are medians (lower-upper quartile) or means + standard deviation. The
differences between the two groups were calculated with t-test or Mann-Whitney
test. The difference between the parameters at baseline and after 6 months of
treatment within each group were calculated using paired samples t-test or
Wilcoxon matched-pairs signed-rank test.

TAFI, thrombin activatable fibrinolysis inhibitor; PAI-1, plasminogen activator
inhibitor-1; FVIII, factor VIII; OCP, overall coagulation potential; OFP, overall
fibrinolytic potential; OHP, overall hemostatic potential; PCSK9i, PCSK9
inhibitor.

The concentration of TC and LDL-C correlated with OFP (r = —0.220, p
= 0.034 and r = —0.207, p = 0.047, respectively) (Fig. 1), and total
PCSK9 concentration correlated with OHP (r = —0.309, p = 0.003) and
OFP (r = 0.205, p = 0.049) (Fig. 2). The concentration of TG was related
to the concentration of IL-6 (r = 0.290, p = 0.004) and IL-8 (r = 0.332, p
= 0.001) (Fig. 2). We did not find any correlations between Lp(a) con-
centration and inflammatory or hemostatic variables. Interestingly, in
the PCSKO9i treated group all these associations became insignificant
after 6 months of treatment, only the association between TC and FVIII
remained significant (r = 0.335, p = 0.007).

We did not observe any association between the changes in lipid and
inflammation parameters after 6 months of treatment (Table 4). How-
ever, we did detect the significant correlations between the changes in
lipid and hemostatic parameters after 6 months of treatment (Table 5).
The change in total cholesterol significantly correlated with the change
in TAFI (p = 0.325; p = 0.010). The change in HDL cholesterol was
related to the change in D-dimer (p = 0.321; p = 0.013). The change in
triglycerides was related to the change in TAFI (p = 0.289; p = 0.023), in
OFP (p =0.307; p=0.012) and in OHP = (p —0.306; 0.012). The change
in Lp(a) was related to the change in D-dimer (p = —0.307; p = 0.020)
and OCP (p = 0.389; p = 0.002) (Table 5).

4. Discussion

To the best of our knowledge, our study is the first to examine the
effects of PCSK9i on the parameters of inflammation and hemostasis,
and to determine their association with lipid changes in stable post-MI
patients with high Lp(a) value already treated with statins at the high-
est tolerated dose. Our results show that, before treatment the concen-
tration of both, TC and LDL-C is mainly related to indicators of the
coagulation fibrinolytic system, while the concentration of TG is also
related to indicators of inflammation.
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4.1. Impact of PCSK9i treatment on lipid parameters

As expected, treatment with PCSK9i significantly reduced the con-
centrations of TC, LDL-C, and TG as well as Lp(a). A significant increase
in the concentration of HDL-C found in our study was equally expected
(Sabatine et al., 2017; Schwartz, 2018). At the end of the study, all
patients achieved LDL-C treatment target (Authors/Task Force Members
et al., 2019). On the contrary, the Lp(a) values at the end of the study
were high above the desirable levels (Authors/Task Force Members
et al., 2019) despite the statistically significant and anticipated reduc-
tion between 20% and 40% (Sabatine et al., 2017; Schwartz et al.,
2018). This might be the reason that no associations between Lp(a)
concentration and both, inflammatory and coagulation fibrinolytic
system indicators were found. Despite the well-recognized pathophysi-
ological connection between Lp(a) and the previously mentioned pa-
rameters (Simantiris et al., 2022), we have no data whether a plateau for
Lp(a) level exists, above which no further influence on inflammatory
and hemostasis parameters is possible. This may also be supported by
the two findings in our study; first, we found non-significant correlation
between changes in these parameters and Lp(a) (data not shown), and
second, as already mentioned, our patients possessed high above
on-target values of Lp(a) after PCSK9i treatment. The answer to this
question may be given by further research with drugs specific for
lowering Lp(a).

4.2. Effects of PCSK9i treatment on parameters of inflammation,
coagulation and fibrinolysis

Similar to our study, the EQUATOR study (Baruch et al., 2017)
showed that treatment with PCKS9i has no effect on the levels of hs-CRP,
IL-6 or TNF-«a in patients previously treated with statins at the highest
tolerated dose. The completely opposite results were found in the study
by Basiak et al. (2022b), where treatment with PCKS9i significantly
reduced all, hs-CRP, IL-6 and TNF-a. However, we must be aware that
the patients in Basiak et al. study did not receive any therapy, although
they were characterized as being at high risk with unstable atheroscle-
rotic plaques in the carotid arteries. Moreover, their baseline LDL-C
values were more than two times higher and their hs-CRP values were
more than three times higher compared to our or the EQUATOR study.
Moreover, the patients in Basiak et al. study did not sustain MI and their
Lp(a) values were not measured, so the direct comparison of the results
is not possible. Hoogeveen et al. showed that treatment with PCSK9i in
patients with statin-intolerant familial hypercholesterolemia led to a
reduction in local inflammation in the atherosclerotic plaque as
measured by 18F-fluoro-deoxyglucose positron-emission tomography/-
computed tomography (18F-FDG PET/CT), although there was no
reduction in hs-CRP (Hoogeveen et al., 2019). In contrast, Stiekema
et al. showed no reduction in local inflammation in patients previously
treated with statins (Stiekema et al., 2019). However, an important
difference between the two studies was that patients in the latter study
possessed significantly higher Lp(a) values at the beginning and at the
end of the study.

Reduced fibrinolytic potential significantly contributes to the for-
mation of a thrombus and the resulting acute cardiovascular event upon
rupture of the atherosclerotic plaque. TAFI attenuates fibrinolysis by
inhibiting tPA-mediated plasminogen activation (Masuda et al., 2012).
In patients with hypercholesterolemia without any therapy, the values
of TAFI activity were increased compared to healthy controls, but after
treatment with atorvastatin, the values were similar in both groups
(Bruni et al., 2004). Patients with MI in the acute phase (either ST
elevation MI or non ST elevation MI) had significantly increased values
of TAFI activity in femoral artery samples compared to patients with
hemodynamically insignificant changes in the coronary arteries (Lee-
naerts et al., 2015). It is also important to note that TAFI activity in
samples taken intracoronary before percutaneous revascularization was
significantly higher than in peripheral arterial blood. The latter indicates
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Fig. 1. Correlations between lipid and fibrinolytic parameters (A-G), and between lipid and inflammatory parameters (H-I). Pearson or Spearman correlation

analysis was used to calculate the correlation coefficient (r or p) and p.
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Table 4
Correlations between the changes in lipid and inflammation parameters after 6
months of treatment.

Parameter A hs- A IL-6 AIL-8 A TNF- A VCAM-
CRP o 1
A Total p  —0.008 -0.026  —0.058  —0.095 -0.176
cholesterol p 0951 0.834 0.646 0.450 0.159
ALDLcholesterol p  —0.019 —0.153  —0.134  0.095 —0.183
p 0.880 0.220 0.284 0.449 0.141
A HDL p —0.181 0.165 0.011 —0.040 0.056
cholesterol p 0.142 0.186 0.929 0.753 0.658
A Triglycerides p  —0.003 -0.079 -0.142 -0.156 —0.108
p 0.982 0.530 0.257 0.212 0.390
A Lp(a) p 0179 -0.139 -0.071  —0.173 —0.160
P 0.153 0.273 0.579 0.171 0.206

Spearman correlation analysis was used to calculate the correlation coefficient
(p) and p. Changes (A) were obtained by calculating the differences between the
value of the parameter after 6 months and at baseline. hs-CRP, high-sensitivity
C-reactive protein; IL, interleukin; TNF-o, tumor necrosis factor-oa; VCAM-1,
vascular cell adhesion protein-1.

increased local activity of TAFIL, which could significantly contribute to
thrombus formation. In the AtheroGene study (Tregouet et al., 2009),
increased TAFI activity, not antigen concentration, emerged as an in-
dependent predictor of future cardiovascular events in 1866 patients
with confirmed CAD. In our study, TAFI activity before treatment was
strongly positively correlated with the values of TC, LDL-C and TG. We
observed a significant decrease in all three lipid parameters, but no
changes in TAFI activity after PCSK9i treatment. We can conclude that
the reduction of these values alone does not affect the TAFI activity.
Despite the significant decrease in Lp(a), very high above the target Lp
(a) levels after PCSK9i treatment could be the reason for the unchanged
TAFI activity. In a small group of patients with elevated Lp(a) values,
who were mostly treated with statins, treatment with specific Lp(a)
lowering agents IONIS-APO(a)Rx, which lowered Lp(a) by 70%, did not
cause significant changes in PAI-1 and TAFI antigen (Boffa et al., 2019).
However, the patients in our study had on average three times higher
baseline Lp(a) values compared to this patient cohort. In any case, the
significant increase in PAI-1 antigen concentration in the placebo group,
is somewhat surprising. PAI-1, which is released from endothelial cells,
is one of the major inhibitors of fibrinolysis which inhibits t-PA (Folsom,
2001). There are very few studies on the effect of PCSK9i on parameters
of coagulation and fibrinolysis. Basiak et al. studied the effect of PCSK9i
on coagulation and fibrinolysis parameters in patients naive to any
lipolytic therapy (Basiak et al., 2022a). On the other hand, many studies
have shown that treatment with statins significantly reduces the con-
centration of PAI-1 (Sahebkar et al., 2016). However, the reason that no
effect on PAI-1 was observed in our study might be that we have
included only patients who were previously treated with the maximum
tolerated dose of statins. Of note, PAI-1 is derived from several sources,
including the vascular endothelium (Song et al., 2017), adipose tissue,
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and the liver (Bastelica et al., 2002). Considering that these different
sources are influenced by many other factors and not only PCSK9i
treatment, this could be the reason why there was an increase in the
PAI-1 concentration even in the placebo group. Like PAI-1, VCAM-1 is
also secreted from endothelial cells, and the secretion of both is accel-
erated by pro-inflammatory cytokines, primarily by TNF-a and also by
oxidized LDL-C (Cook-Mills et al., 2011). At a first glance, it seems that
PCSK9i treatment leads to activation of the endothelium, which would
lead to an acceleration of the atherosclerotic process. However, we must
take into account that our study included high risk patients with
impaired endothelial function (Boulanger, 2018). Regeneration of the
endothelium is a two-phase process, first the activation of the endo-
thelial cells followed by the improvement in its function (Mcdonald
et al., 2018). The time course of regeneration could be determined by
the long-term research, and above all by more frequent blood sampling.

4.3. Associations between lipids, inflammation and hemostasis

Before the start of the PCSK9i treatment, the concentrations of PAI-1
antigen and the TAFI activity, as important components of the fibrino-
lytic process, were associated with the concentrations of TC and LDL-C.
Total and LDL-C concentrations were significantly negatively correlated
with OFP. Despite the different measuring methods, the endogenous
fibrinolytic potential emerged as an important prognostic factor in pa-
tients with an acute cardiovascular event (Okafor and Gorog, 2015).
After 6 months of treatment with PCSKO9i, the relationship between the
concentration of TC and LDL-C and individual parameters of the fibri-
nolytic system as well as OFP, was no longer significant. In patients
without clinically evident atherosclerosis the concentration of IL-6 was
not only associated with the concentration of TG, but also proved to be
an independent predictive factor for future cardiovascular events (Luc
et al., 2003).

The concentrations of TC and LDL-C as well as TG at the end of our
study were below the recommendations of the current guidelines. It
seems that further reduction of TC and LDL-C in particular might not
contribute to further reduction of the remaining risk. On the other hand,
there is still space for improvement of the Lp(a) values, as these values in
our patients remained significantly higher than desired (Authors/Task
Force Members et al., 2019) even after PCSK9i treatment.

Our finding that changes in the values of lipid parameters were not
associated with the changes in the concentrations of inflammatory pa-
rameters is not surprising. Similarly to previous studies, the additional
treatment with PCSK9i did not contribute to the reduction of inflam-
matory parameters in patient pretreated with statins (Hoogeveen et al.,
2019; Scicali et al.,, 2021). On the contrary, treatment with PCSK9i
significantly reduced the concentration of inflammatory parameters in
statin naive patients (Basiak et al., 2022b). It might be that statin
treatment lowers the values of inflammatory parameters to the point
that further reduction is not possible.

Table 5
Correlations between the changes in lipid and hemostatic parameters after 6 months of treatment.
Parameter A TAFI A PAI-1 A FVIIL A Platelets A D-dimer A OCP A OFP A OHP
A Total cholesterol p 0.325 0.187 0.237 0.119 —0.12 -0.171 0.102 —0.163
P 0.010 0.202 0.074 0.332 0.928 0.169 0.416 0.191
A LDL cholesterol p 0.147 0.083 0.022 —0.019 —0.196 —0.030 0.194 —0.204
P 0.253 0.574 0.868 0.875 0.137 0.813 0.119 0.100
A HDL cholesterol p 0.205 —0.026 0.230 0.125 0.321 —0.154 —0.119 0.104
P 0.109 0.862 0.082 0.312 0.013 0.217 0.341 0.407
A p 0.289 0.001 0.129 0.118 —0.075 —-0.117 0.307 —0.306
Triglycerides P 0.023 0.993 0.333 0.338 0.571 0.348 0.012 0.012
A Lp(a) p 0.062 —0.056 —0.022 0.098 —0.307 0.389 0.204 —0.036
P 0.638 0.708 0.847 0.432 0.020 0.002 0-106 0.777

Spearman correlation analysis was used to calculate the correlation coefficient (p) and p. Changes (A) were obtained by calculating the differences between the value of
the parameter after 6 months and at baseline. FVIIL, factor VIII; OCP, overall coagulation potential; OFP, overall fibrinolytic potential; OHP, overall hemostatic po-
tential; PAI-1, plasminogen activator inhibitor-1; TAFI, thrombin activatable fibrinolysis inhibitor.
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Given the well-recognized association between the increased tri-
glyceride concentration and reduced fibrinolytic activity (Mussoni et al.,
1992), our results also showed that a decrease in triglyceride concen-
tration is associated with the indicators of improved fibrinolytic po-
tential such as TAFI, OFP and OHP. D-dimer is a highly sensitive marker
of accelerated intravascular fibrinolysis (Olson, 2015). Hence, the
decrease in Lp(a) concentration associated with elevated D-dimer values
in our patients indicates an accelerated fibrinolytic activity. Although
OFP did not increase after 6 months of treatment in our study, the
decrease in Lp(a) concentration correlated with OCP, also indicating a
shift towards fibrinolysis. Unfortunately, in the current study we did not
measure platelet activity, that also plays an important role in the for-
mation of a thrombus following a rupture of an atherosclerotic plaque
(Ugovsek and Sebestjen, 2022). However, previous study showed that
the reduction of platelet activity is one of the mechanisms of PCSK9i
(Cammisotto et al., 2021).

5. Conclusions

In our research, we found that fibrinolytic parameters and, above all,
the total fibrinolytic activity are related mainly to the concentration of
LDL-C and not Lp(a) in post-MI patients with insufficiently regulated
LDL-C values and highly elevated Lp(a) values. The same applies to the
inflammatory cytokines. After treatment, however, the hemostatic and
inflammatory parameters were not associated with LDL-C nor Lp(a). At a
first glance, this may be surprising, but we must be aware of that all our
patients had greatly increased Lp(a) values. Treatment with PCSK9i
reduced LDL-C levels by 70% and below the values recommended by the
latest guidelines. On the other hand, the values of Lp(a), that is associ-
ated with other risk factors such as inflammation and the coagulation
fibrinolytic system, remained high above the recommended values. Of
course, the question arises as to whether a more pronounced decrease in
Lp(a) values would additionally affect the indicators of inflammation,
coagulation and fibrinolysis. At the same time, the question is what is
the target Lp(a) level at which such changes would occur. The next
question is whether the relationship between Lp(a) concentration and
indicators of inflammation, coagulation and fibrinolysis is directly
proportional, or whether there is a threshold of Lp(a) concentration
below which it no longer affects the above-mentioned indicators.
Research with Lp(a)-specific drugs could provide some answers to these
questions, presuming that the indicators of inflammation, coagulation
and fibrinolysis will be measured in addition to Lp(a) values (Shiyovich
et al., 2023; Yeang et al., 2022). The results of our research suggest that
the parameters of inflammation, coagulation and fibrinolysis in post MI
patients are no longer related to lipid parameters after treatment with
PCSK9i. Whether the additional Lp(a) lowering to the recommended
values would affect these parameters, still needs to be resolved.

Funding

This study was funded by Amgen, Sanofi, Research Programs P3-
0308 of the Slovenian Research Agency, and University Medical
Centre Ljubljana (Funding number: 20220011). The funding source did
not have any role in study design, nor in the collection, analysis, and
interpretation of the data, nor in the writing of the report, and in the
decision to submit the article for publication.

Ethics approval

This study was performed in line with the principles of the Decla-
ration of Helsinki. Approval was granted by the National Medical Ethics
Committee of the Republic of Slovenia (reference number: KME 0120-
357/2018/8).

European Journal of Pharmacology 963 (2024) 176232
CRediT authorship contribution statement

Andreja Rehberger Likozar: Writing — original draft, Investigation,
Data curation, Conceptualization. Sabina Ugovsek: Writing — original
draft, Investigation, Data curation, Conceptualization. Miran
Sebestjen: Writing — review & editing, Writing — original draft, Super-
vision, Resources, Project administration, Methodology, Investigation,
Funding acquisition, Formal analysis, Data curation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgements

We are thankful to the staff of the Laboratory for Hemostasis and
Atherothrombosis in the Clinical Department of Vascular Diseases,
University Clinical Centre Ljubljana (Slovenia) for serum biomarker
measurements and technical assistance.

References

Anzej Doma, S., Vucnik, M., Bozi¢ Mijovski, M., Peternel, P., Stegnar, M., 2013.
Enhanced thrombin generation in women with a history of oral contraception-
related venous thrombosis. Thromb. Res. 132, 621-626. https://doi.org/10.1016/j.
thromres.2013.09.006.

Ascer, E., Bertolami, M.C., Venturinelli, M.L., Buccheri, V., Souza, J., Nicolau, J.C.,
Ramires, J.A., Serrano, C.V.S., 2004. Atorvastatin reduces proinflammatory markers
in hypercholesterolemic patients. Atherosclerosis 177, 161-166. https://doi.org/
10.1016/j.atherosclerosis.2004.07.003.

Authors/Task Force Members, ESC Committee for Practice Guidelines (CPG), ESC
National Cardiac Societies, 2019. 2019 ESC/EAS guidelines for the management of
dyslipidaemias: Lipid modification to reduce cardiovascular risk. Atherosclerosis
290, 140-205. https://doi.org/10.1016/j.atherosclerosis.2019.08.014.

Baruch, A., Mosesova, S., Davis, J.D., Budha, N., Vilimovskij, A., Kahn, R., Peng, K.,
Cowan, K.J., Harris, L.P., Gelzleichter, T., Lehrer, J., Davis, J.C., Tingley, W.G.,
2017. Effects of RG7652 , a monoclonal antibody against PCSK9 , on LDL-C , LDL-C
subfractions , and inflammatory biomarkers in patients at high risk of or with
established coronary heart disease (from the phase 2 EQUATOR study). Am. J.
Cardiol. 119, 1576-1583. https://doi.org/10.1016/j.amjcard.2017.02.020.

Basiak, M., Hachula, M., Kosowski, M., 2022a. Effect of PCSK9 inhibitors on hemostasis
in patients with isolated hypercholesterolemia. J. Clin. Med. 11, 2542. https://doi.
0rg/10.3390/jcm11092542.

Basiak, M., Kosowski, M., Hachula, M., Okopien, B., 2022b. Impact of PCSK9 inhibition
on proinflammatory cytokines and matrix metalloproteinases release in patients
with mixed hyperlipidemia and vulnerable atherosclerotic plaque. Pharmaceuticals
15, 802. https://doi.org/10.3390/ph15070802.

Bastelica, D., Morange, P., Berthet, B., Borghi, H., Lacroix, O., Grino, M., Juhan-Vague, L.,
Alessi, M.C., 2002. Stromal cells are the main plasminogen activator inhibitor-1 -
producing cells in human fat: evidence of differences between visceral and
subcutaneous deposits. Arterioscler. Thromb. Vasc. Biol. 22, 173-178. https://doi.
org/10.1161/hq0102.101552.

Boffa, M.B., Marar, T.T., Yeang, C., Viney, N.J., Xia, S., Witztum, J.L., Koschinsky, M.L.,
Tsimikas, S., 2019. Potent reduction of plasma lipoprotein (a) with an antisense
oligonucleotide in human subjects does not affect ex vivo fibrinolysis. J. Lipid Res.
60, 2082-2089. https://doi.org/10.1194/jlr.P094763.

Boulanger, C.M., 2018. Highlight on endothelial activation and beyond. Arterioscler.
Thromb. Vasc. Biol. 38, 198-201. https://doi.org/10.1161/ATVBAHA.118.312054.

Brouwers, G.J., Leebeek, F.W., Tanck, M.W., Wouter Jukema, J., Kluft, C., de Maat, M.P.,
2003. Association between thrombin-activatable fibrinolysis inhibitor (TAFI) and
clinical outcome in patients with unstable angina pectoris. Thromb. Haemostasis 90,
92-100.

Bruni, F., Pasqui, A.L., Pastorelli, M., Bova, G., Di Renzo, M., Cercigani, M., Leo, A.,
Auteri, A., Puccetti, L., 2004. Effect of atorvastatin on different fibrinolyis
mechanisms in hypercholesterolemic subjects. Int. J. Cardiol. 95, 269-274. https://
doi.org/10.1016/j.ijcard.2003.08.003.

Cammisotto, V., Baratta, F., Castellani, V., Bartimoccia, S., Nocella, C., D’Erasmo, L.,
Cocomello, N., Barale, C., Scicali, R., Di Pino, A., Piro, S., Del Ben, M., Arca, M.,
Russo, L., Purrello, F., Carnevale, R., Violi, F., Pastori, D., Pignatelli, P., 2021.
Proprotein convertase subtilisin kexin type 9 inhibitors reduce platelet activation


https://doi.org/10.1016/j.thromres.2013.09.006
https://doi.org/10.1016/j.thromres.2013.09.006
https://doi.org/10.1016/j.atherosclerosis.2004.07.003
https://doi.org/10.1016/j.atherosclerosis.2004.07.003
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1016/j.amjcard.2017.02.020
https://doi.org/10.3390/jcm11092542
https://doi.org/10.3390/jcm11092542
https://doi.org/10.3390/ph15070802
https://doi.org/10.1161/hq0102.101552
https://doi.org/10.1161/hq0102.101552
https://doi.org/10.1194/jlr.P094763
https://doi.org/10.1161/ATVBAHA.118.312054
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref10
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref10
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref10
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref10
https://doi.org/10.1016/j.ijcard.2003.08.003
https://doi.org/10.1016/j.ijcard.2003.08.003

A. Rehberger Likozar et al.

modulating ox-LDL pathways. Int. J. Mol. Sci. 22, 7193. https://doi.org/10.3390/
ijms22137193.

Cook-Mills, J.M., Marchese, M.E., Abdala-Valencia, H., 2011. Vascular cell adhesion
molecule-1 expression and signaling during disease: regulation by reactive oxygen
species and antioxidants. Antioxidants Redox Signal. 15, 1607-1638. https://doi.
org/10.1089/ars.2010.3522.

Dangas, G., Smith, D.A., Unger, A.H., Shao, J.H., Meraj, P., Fier, C., Cohen, A.M.,
Fallon, J.T., Badimon, J.J., Ambrose, J.A., 2000. Pravastatin: an antithrombotic
effect independent of the cholesterol-lowering effect. Thromb. Haemostasis 83,
688-692.

Erqou, S., Kaptoge, S., Perry, P.L., Di Angelantonio, E., Thompson, A., White, LR.,
Marcovina, S.M., Collins, R., Thompson, S.G., Danesh, J., 2009. Lipoprotein(a)
concentration and the risk of coronary heart disease, stroke, and nonvascular
mortality. The emerging risk factors collaboration. JAMA 302, 412-423. https://doi.
org/10.1001/jama.2009.1063.Lipoprotein(a.

Faul, F., Erdfelder, E., Buchner, A., Lang, A.G., 2009. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41,
1149-1160. https://doi.org/10.3758/BRM.41.4.1149.

Folsom, A.R., 2001. Hemostatic risk factors for atherothrombotic disease: an
epidemiologic view. Thromb. Haemostasis 86, 366-373.

Friedewald, W.T., Levy, R.IL, Fredrickson, D.S., 1972. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin. Chem. 18, 499-502.

German, C.A., Liao, J.K., 2023. Understanding the molecular mechanisms of statin
pleiotropic effects. Arch. Toxicol. 97, 1529-1545. https://doi.org/10.1007/s00204-
023-03492-6.

Gitt, A.K., Lautsch, D., Ferrieres, J., De Ferrari, G.M., Vyas, A., Baxter, C.A., Bash, L.D.,
Ashton, V., Horack, M., Almahmeed, W., Chiang, F.T., Poh, K.K., Brudi, P., 2017.
Cholesterol target value attainment and lipid-lowering therapy in patients with
stable or acute coronary heart disease: results from the Dyslipidemia International
Study II. Atherosclerosis 266, 158-166. https://doi.org/10.1016/j.
atherosclerosis.2017.08.013.

Hoogeveen, R.M., Opstal, T.S.J., Kaiser, Y., Stiekema, L.C.A., Kroon, J., Knol, R.J.J.,
Bax, W.A., Verberne, H.J., Cornel, J.H., Stroes, E.S.G., 2019. PCSK9 antibody
alirocumab attenuates arterial wall inflammation without changes in circulating
inflammatory markers. J. Am. Coll. Cardiol. Cardiovasc. Imaging 12, 2571-2573.
https://doi.org/10.1016/j.jcmg.2019.06.022.

Leenaerts, D., Bosmans, J.M., van der Veken, P., Sim, Y., Lambeir, A.M., Hendriks, D.,
2015. Plasma levels of carboxypeptidase U (CPU, CPB2 or TAFIa) are elevated in
patients with acute myocardial infarction. J. Thromb. Haemostasis 13, 2227-2232.
https://doi.org/10.1111/jth.13135. PMID: 26340515.

Luc, G., Bard, J.M., Juhan-Vague, 1., Ferrieres, J., Evans, A., Amouyel, P., Arveiler, D.,
Fruchart, J.C., Ducimetiere, P., PRIME Study Group, 2003. C-reactive protein,
interleukin-6, and fibrinogen as predictors of coronary heart disease: the PRIME
Study. Arterioscler. Thromb. Vasc. Biol. 23, 1255-1261. https://doi.org/10.1161/
01.ATV.0000079512.66448.1D.

Masoura, C., Pitsavos, C., Aznaouridis, K., Skoumas, 1., Vlachopoulos, C., Stefanadis, C.,
2011. Arterial endothelial function and wall thickness in familial
hypercholesterolemia and familial combined hyperlipidemia and the effect of
statins. A systematic review and meta-analysis. Atherosclerosis 214, 129-138.
https://doi.org/10.1016/j.atherosclerosis.2010.10.008.

Masuda, Y., Saotome, D., Takada, K., Sugimoto, K., Sasaki, T., Ishii, H., 2012. Peroxisome
proliferator-activated receptor-alpha agonists repress expression of thrombin-
activatable fibrinolysis inhibitor by decreasing transcript stability. Thromb.
Haemostasis 108, 74-85. https://doi.org/10.1160/TH12-02-0101.

Mcdonald, A.IL, Shirali, A.S., Aragén, R., Ma, F., Hernandez, G., Vaughn, D.A., Mack, J.J.,
Lim, T.Y., Sunshine, H., Zhao, P., Kalinichenko, V., Hai, T., Pelegrini, M.,
Ardehali, R., Iruela-Arispe, M.L., 2018. Endothelial regeneration of large vessels is a
biphasic process driven by local cells with distinct proliferative capacities. Cell Stem
Cell 23, 210-225.e6. https://doi.org/10.1016/j.stem.2018.07.011.

Mosnier, L.O., Bouma, B.N., 2006. Regulation of fibrinolysis by thrombin activatable
fibrinolysis inhibitor, an unstable carboxypeptidase B that unites the pathways of
coagulation and fibrinolysis. Arterioscler. Thromb. Vasc. Biol. 26, 2445-2453.
https://doi.org/10.1161/01.ATV.0000244680.14653.9a.

Miiller, N., Schulte, D.M., Tiirk, K., Freitag-Wolf, S., Hampe, J., Zeuner, R., Schroder, J.
0., Gouni-Berthold, 1., Berthold, H.K., Krone, W., Rose-John, S., Schreiber, S.,
Laudes, M., 2015. IL-6 blockade by monoclonal antibodies inhibits apolipoprotein
(a) expression and lipoprotein (a) synthesis in humans. J. Lipid Res. 56, 1034-1042.
https://doi.org/10.1194/jlr.P052209.

Mussoni, L., Mannucci, L., Sirtori, M., Camera, M., Maderna, P., Sironi, L., Tremoli, E.,
1992. Hypertriglyceridemia and regulation of fibrinolytic activity. Arterioscler.
Thromb. 12, 19-27. https://doi.org/10.1161/01.ATV.12.1.19.

Nissen, S.E., Tuzcu, E.M., Schoenhagen, P., Crowe, T., Sasiela, W.J., Tsai, J., Orazem, J.,
Magorien, R.D., O’Shaughnessy, C., Ganz, P., 2005. Statin therapy, LDL cholesterol,
C-reactive protein, and coronary artery disease. N. Engl. J. Med. 352, 29-38. https://
doi.org/10.1056/NEJM0a042000.

Oesterle, A., Laufs, U., Liao, J.K., 2017. Pleiotropic effects of statins on the cardiovascular
system. Circ. Res. 120, 229-243. https://doi.org/10.1161/
CIRCRESAHA.116.308537. PMID: 28057795.

Okafor, O.N., Gorog, D.A., 2015. Endogenous fibrinolysis: an important mediator of
thrombus formation and cardiovascular risk. J. Am. Coll. Cardiol. 65, 1683-1699.
https://doi:10.1016/j.jacc.2015.02.040.

Olson, J.D., 2015. D-Dimer: an overview of hemostasis and fibrinolysis, assays, and
clinical applications. Adv. Clin. Chem. 69, 1-46. https://doi.org/10.1016/bs.
acc.2014.12.001.

European Journal of Pharmacology 963 (2024) 176232

Rehberger Likozar, A., Sebestjen, M., 2022. Smoking and diabetes attenuate beneficial
effects of PSCK9 inhibitors on arterial wall properties in patients with very high
lipoprotein (a) levels. Atheroscler Plus 50, 1-9. https://doi.org/10.1016/j.
athplu.2022.07.001 eCollection 2022 Dec. PMID: 36643800.

Ridker, P.M., Danielson, E., Fonseca, F.A., Genest, J., Gotto Jr., A.M., Kastelein, J.J.,
Koenig, W., Libby, P., Lorenzatti, A.J., MacFadyen, J.G., Nordestgaard, B.G.,
Shepherd, J., Willerson, J.T., Glynn, R.J., JUPITER Study Group, 2008. Rosuvastatin
to prevent vascular events in men and women with elevated C-reactive protein.

N. Engl. J. Med. 350, 2195-2207. https://doi.org/10.1056/NEJMo0a0807646.

Ruscica, M., Tokgozoglu, L., Corsini, A., Sirtori, C.R., 2019. PCSK9 inhibition and
inflammation: a narrative review. Atherosclerosis 288, 146-155. https://doi.org/
10.1016/j.atherosclerosis.2019.07.015.

Sabatine, M.S., Giugliano, R.P., Keech, A.C., Honarpour, N., Wiviott, S.D., Murphy, S.A.,
Kuder, J.F., Wang, H., Liu, T., Wasserman, S.M., Sever, P.S., Pedersen, T.R., 2017.
Evolocumab and clinical outcomes in patients with cardiovascular disease. N. Engl.
J. Med. 376, 1713-1722. https://doi.org/10.1056/nejmoal 615664.

Sahebkar, A., Catena, C., Ray, K.K., Vallejo-Vaz, A.J., Reiner, Z., Sechi, L.A., Colussi, G.L.,
2016. Impact of statin therapy on plasma levels of plasminogen activator inhibitor-1:
a systematic review and meta-analysis of randomised controlled trials. Thromb.
Haemostasis 116, 162-171. https://doi.org/10.1160/TH15-10-0770.

Schol-Gelok, S., Galema-Boers, J.A.M.H., van Gelder, T., Kruip, M.J.H.A., Roeters van
Lennep, J.E., Versmissen, J., 2018. No effect of PCSK9 inhibitors on D-dimer and
fibrinogen levels in patients with familial hypercholesterolemia. Biomed.
Pharmacother. 108, 1412-1414. https://doi.org/10.1016/j.biopha.2018.09.164.

Schremmer, J., Busch, L., Baasen, S., Heinen, Y., Sansone, R., Heiss, C., Kelm, M.,
Stern, M., 2023. Chronic PCSK9 inhibitor therapy leads to sustained improvements
in endothelial function, arterial stiffness, and microvascular function. Microvasc.
Res. 148, 104513 https://doi.org/10.1016/j.mvr.2023.104513.

Schubert, J., Lindahl, B., Melhus, H., Renlund, H., Leosdottir, M., Yari, A., Ueda, P.,
James, S., Reading, S.R., Dluzniewski, P.J., Hamer, A.W., Jernberg, T., Hagstrom, E.,
2021. Low-density lipoprotein cholesterol reduction and statin intensity in
myocardial infarction patients and major adverse outcomes: a Swedish nationwide
cohort study. Eur. Heart J. 42, 243-252. https://doi.org/10.1093/eurheartj/
ehaalO11.

Schwartz, G.G., Steg, P.G., Szarek, M., Bhatt, D.L., Bittner, V.A., Diaz, R., Edelberg, J.M.,
Goodman, S.G., Hanotin, C., Harrington, R.A., Jukema, J.W., Lecorps, G.,
Mabhaffey, K.W., Moryusef, A., Pordy, R., Quintero, K., Roe, M.T., Sasiela, W.J.,
Tamby, J.F., Tricoci, P., White, H.D., Zeiher, A.M., ODYSSEY OUTCOMES
Committees and Investigators, 2018. Alirocumab and cardiovascular outcomes after
acute coronary syndrome. N. Engl. J. Med. 379, 2097-2107. https://doi.org/
10.1056/NEJMoal801174.

Scicali, R., Di Pino, A., Ferrara, V., Rabuazzo, A.M., Purrello, F., Piro, S., 2021. Effect of
PCSK9 inhibitors on pulse wave velocity and monocyte-to-HDL-cholesterol ratio in
familial hypercholesterolemia subjects: results from a single-lipid-unit real-life
setting. Acta Diabetol. 58, 949-957. https://doi.org/10.1007/s00592-021-01703-z.

Seljeflot, 1., Tonstad, S., Hjermann, L., Arnesen, H., 2002. Improved fibrinolysis after 1-
year treatment with HMG CoA reductase inhibitors in patients with coronary heart
disease. Thromb. Res. 105, 285-290. https://doi.org/10.1016/50049-3848(02)
00034-8.

Shiyovich, A., Berman, A.N., Besser, S.A., Biery, D.W., Huck, D.M., Weber, B.,

Cannon, C., Januzzi, J.L., Booth, J.N., Nasir, K., Di Carli, M.F., Lopez, J.A.G., Kent, S.
T., Bhatt, D.L., Blankstein, R., 2023. Cardiovascular outcomes in patients with
coronary artery disease and elevated lipoprotein(a): implications for the OCEAN(a)-
outcomes trial population. Eur. Heart J. Open 3, oead077. https://doi.org/10.1093/
ehjopen/oead077.

Simantiris, S., Antonopoulos, A.S., Papastamos, C., Benetos, G., Koumallos, N.,
Tsioufis, K., ousoulis, D., 2022. Lipoprotein(a) and inflammation-pathophysiological
links and clinical implications for cardiovascular disease. J. Clin. Lipidol. 17, 55-63.
https://doi:10.1016/j.jacl.2022.10.004.

Song, C., Burgess, S., Eicher, J.D., O’Donnell, C.J., Johnson, A.D., 2017. Causal effect of
plasminogen activator inhibitor type 1 on coronary heart disease. J. Am. Heart
Assoc. 6, €004918 https://doi.org/10.1161/JAHA.116.004918.

Stiekema, L.C.A., Stroes, E.S.G., Verweij, S.L., Kassahun, H., Chen, L., Wasserman, S.M.,
Sabatine, M.S., Mani, V., Fayad, Z.A., 2019. Persistent arterial wall inflammation in
patients with elevated lipoprotein(a) despite strong low-density lipoprotein
cholesterol reduction by proprotein convertase subtilisin/kexin type 9 antibody
treatment. Eur. Heart J. 40, 2775-2781. https://doi.org/10.1093/eurheartj/ehy862.

Stulnig, T.M., Morozzi, C., Reindl-Schwaighofer, R., Stefanutti, C., 2019. Looking at Ip(a)
and related cardiovascular risk: from scientific evidence and clinical practice. Curr.
Atheroscler. Rep. 21, 37. https://doi.org/10.1007/511883-019-0803-9.

Tregouet, D.A., Schnabel, R., Alessi, M.C., Godefroy, T., Declerck, P.J., Nicaud, V.,
Munzel, T., Bickel, C., Rupprecht, H.J., Lubos, E., Zeller, T., Juhan-Vague, I.,
Blankenberg, S., Tiret, L., Morange, P.E., 2009. Activated thrombin activatable
fibrinolysis inhibitor levels are associated with the risk of cardiovascular death in
patients with coronary artery disease: the AtheroGene study. J. Thromb.
Haemostasis 7, 49-57. https://doi.org/10.1111/j.1538-7836.2008.03221 .x.

Ugovsek, S., Sebestjen, M., 2022. Lipoprotein(A)—the crossroads of atherosclerosis,
atherothrombosis and inflammation. Biomolecules 12, 1-14. https://doi.org/
10.3390/biom12010026.

Yeang, C., Karwatowska-Prokopczuk, E., Su, F., Dinh, B., Xia, S., Witztum, J.L.,
Tsimikas, S., 2022. Effect of pelacarsen on lipoprotein(a) cholesterol and corrected
low-density lipoprotein cholesterol. J. Am. Coll. Cardiol. 79, 1035-1046. https://
doi.org/10.1016/j.jacc.2021.12.032.


https://doi.org/10.3390/ijms22137193
https://doi.org/10.3390/ijms22137193
https://doi.org/10.1089/ars.2010.3522
https://doi.org/10.1089/ars.2010.3522
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref14
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref14
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref14
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref14
https://doi.org/10.1001/jama.2009.1063.Lipoprotein(a
https://doi.org/10.1001/jama.2009.1063.Lipoprotein(a
https://doi.org/10.3758/BRM.41.4.1149
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref17
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref17
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref18
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref18
http://refhub.elsevier.com/S0014-2999(23)00746-X/sref18
https://doi.org/10.1007/s00204-023-03492-6
https://doi.org/10.1007/s00204-023-03492-6
https://doi.org/10.1016/j.atherosclerosis.2017.08.013
https://doi.org/10.1016/j.atherosclerosis.2017.08.013
https://doi.org/10.1016/j.jcmg.2019.06.022
https://doi.org/10.1111/jth.13135
https://doi.org/10.1161/01.ATV.0000079512.66448.1D
https://doi.org/10.1161/01.ATV.0000079512.66448.1D
https://doi.org/10.1016/j.atherosclerosis.2010.10.008
https://doi.org/10.1160/TH12-02-0101
https://doi.org/10.1016/j.stem.2018.07.011
https://doi.org/10.1161/01.ATV.0000244680.14653.9a
https://doi.org/10.1194/jlr.P052209
https://doi.org/10.1161/01.ATV.12.1.19
https://doi.org/10.1056/NEJMoa042000
https://doi.org/10.1056/NEJMoa042000
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi:10.1016/j.jacc.2015.02.040
https://doi.org/10.1016/bs.acc.2014.12.001
https://doi.org/10.1016/bs.acc.2014.12.001
https://doi.org/10.1016/j.athplu.2022.07.001
https://doi.org/10.1016/j.athplu.2022.07.001
https://doi.org/10.1056/NEJMoa0807646
https://doi.org/10.1016/j.atherosclerosis.2019.07.015
https://doi.org/10.1016/j.atherosclerosis.2019.07.015
https://doi.org/10.1056/nejmoa1615664
https://doi.org/10.1160/TH15-10-0770
https://doi.org/10.1016/j.biopha.2018.09.164
https://doi.org/10.1016/j.mvr.2023.104513
https://doi.org/10.1093/eurheartj/ehaa1011
https://doi.org/10.1093/eurheartj/ehaa1011
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1007/s00592-021-01703-z
https://doi.org/10.1016/s0049-3848(02)00034-8
https://doi.org/10.1016/s0049-3848(02)00034-8
https://doi.org/10.1093/ehjopen/oead077
https://doi.org/10.1093/ehjopen/oead077
https://doi:10.1016/j.jacl.2022.10.004
https://doi.org/10.1161/JAHA.116.004918
https://doi.org/10.1093/eurheartj/ehy862
https://doi.org/10.1007/s11883-019-0803-9
https://doi.org/10.1111/j.1538-7836.2008.03221.x
https://doi.org/10.3390/biom12010026
https://doi.org/10.3390/biom12010026
https://doi.org/10.1016/j.jacc.2021.12.032
https://doi.org/10.1016/j.jacc.2021.12.032

	Effects of proprotein convertase subtilisin-kexin type 9 inhibitors on inflammatory and hemostatic parameters in post myoca ...
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Clinical examination
	2.3 Biochemical analysis
	2.4 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Lipid parameters
	3.3 Inflammatory markers
	3.4 Hemostatic parameters
	3.5 Relationship between lipid, inflammatory and hemostatic variables

	4 Discussion
	4.1 Impact of PCSK9i treatment on lipid parameters
	4.2 Effects of PCSK9i treatment on parameters of inflammation, coagulation and fibrinolysis
	4.3 Associations between lipids, inflammation and hemostasis

	5 Conclusions
	Funding
	Ethics approval
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


