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Abstract

Background: Venous thromboembolism (VTE) is a frequent cardiovascular disease
with severe complications, including recurrence and death. There is a great need
for alternative prophylactic treatment options as anticoagulation is accompanied by
increased bleeding risk. Statins are reported to reduce the risk of incident and re-
current VTE, but the mechanisms are elusive. Procoagulant phospholipids (PPL), and
phosphatidylserine in particular, are crucial for efficient coagulation activation, but no
studies have investigated the effect of statin treatment on plasma PPL activity.
Objectives: To investigate the impact of rosuvastatin treatment on plasma PPL activ-
ity and levels of extracellular vesicles (EVs).

Patients/Methods: Patients with a history of VTE (218 years) allowed to stop antico-
agulant treatment were randomized to either 20 mg/day of rosuvastatin treatment or
no treatment for 28 days in the Statins Reduce Thrombophilia (NCT01613794) trial.
Plasma samples were collected at baseline and study end. PPL activity was measured
in samples from 245 participants using a factor Xa-dependent clotting assay and EV
levels by flow cytometry.

Results: Rosuvastatin treatment yielded an overall 22% (95% confidence interval [CI]
-38.2 to -5.8) reduction in PPL activity, and 37% (95% Cl -62.9 to -11.2) reduction
in PPL activity in participants with a history of pulmonary embolism. The effect of
rosuvastatin on plasma PPL activity was not explained by changes in total cholesterol
nor change in levels of total- or platelet-derived EVs.

Conclusions: Rosuvastatin treatment caused a substantial decrease in plasma PPL
activity, suggesting that a PPL-dependent attenuation of coagulation activation may

contribute to a reduced VTE risk following statin treatment.
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1 | INTRODUCTION

Venous thromboembolism (VTE), comprising deep vein thrombosis
(DVT) and pulmonary embolism (PE), is a frequent cardiovascular
disease with severe short- and long-term complications, including
recurrence and death.>® At present, anticoagulation is the treatment
of choice for primary and secondary prophylaxis of VTE.* Although
highly efficient, anticoagulation is accompanied by increased bleed-
ing risk, where 1-4% annually experience major bleeding events, de-
pending on type of anticoagulant, dose, and duration of treatment.””
As VTE recurs in up to 30-40% of patients within 10 years of the ini-
tial event,®** there is a need for alternative prophylactic treatment
options in patients with high bleeding risk.

HMG-CoA (3-hydroxy-3-methyl-glutaryl-CoA) reductase in-
hibitors, known as statins, are a class of cholesterol-lowering drugs
with antithrombotic properties and preventive effect on VTE.
Observational and randomized studies have reported a 14-54%
reduction in the risk of a first VTE}?¢ and a 27-50% reduction in
recurrent events'’2° following statin treatment. However, there
is only limited knowledge on the pleiotropic effects of statins that
may explain their beneficial effects on the risk of VTE. The Statins
Reduce Thrombophilia (START) trial was established to address
this knowledge gap. Previous results from the START trial have
shown that rosuvastatin treatment modestly reduced (3-6%) the
plasma level of several coagulation factors,?! in particular factor
VIII, lowered the tissue factor (TF)-induced potential for thrombin
generation in plasma by 10%,?? and increased the fibrinolytic po-
tential in plasma.23 However, the beneficial effect of statins on VTE
could not be explained by reduced platelet reactivity, measured by
thromboxane-A2-mediated platelet aggregation.?*

Negatively charged phospholipids, and phosphatidylserine (PS)
in particular, are vital to coagulation. PS is located on the surface
of activated platelets as well as on extracellular vesicles (EVs), and
they facilitate the assembly of coagulation factors VII (FVII), FIX, FX,
and prothrombin (F1*® in blood. The presence of negatively charged
phospholipids augments the activity of the extrinsic tenase com-
plex, TF-FVlla, by several orders of magnitude.26 The procoagulant
phospholipid (PPL) activity of plasma samples can be measured using
a factor Xa (FXa)-dependent clotting assay. Previously, an inverse
correlation has been established between PPL, measured by FXa-
dependant clotting assays and plasma levels of PS-positive (PS*)
EVs.2”28 However, the effect of statin treatment on plasma PPL
activity has previously not been investigated. In the present study,
we aimed to (1) investigate the impact of rosuvastatin treatment
on plasma PPL activity in individuals with a history of VTE in a ran-
domized controlled trial, and (2) explore the effect of statin treat-
ment on total- and platelet-derived EV counts using a sensitive flow
cytometer.

ESSENTIALS

e The effect of statin treatment on plasma procoagulant
phospholipid (PPL) activity is not known.

e We measured the PPL activity in plasma samples from
the Statins Reduce Thrombophilia trial.

e Rosuvastatin treatment caused a 22% decrease in
plasma PPL activity.

e The effect was not explained by changes in plasma levels

of extracellular vesicles measured by flow cytometry.

2 | MATERIALS AND METHODS

2.1 | Trial design

The START trial (NCT01613794) is a multicenter, randomized, con-
trolled, open label clinical trial aimed to investigate the impact of
rosuvastatin treatment on the coagulation profile of individuals with
a previous history of VTE. The study has been described in detail
elsewhere.?! In brief, participants were recruited from three Dutch
anticoagulation clinics (Leiden, Hoofddorp, and Rotterdam) that
monitor anticoagulant treatment of VTE patients within a geograph-
ical area. Subjects with confirmed initial or recurrent symptomatic
proximal DVT or PE allowed to stop oral anticoagulation treatment
by their treating physician and aged 18 years or older were invited to
participate. Exclusion criteria were the following: individuals already
using statins or other lipid lowering drugs, or if contraindications for
20 mg/day rosuvastatin use were present, based on information pro-
vided by the instruction leaflet of the drug manufacturer. Participants
were randomly assigned to either 20 mg/day of rosuvastatin or no
study medication for the 28-day study duration. Compliance to
treatment was assessed by measurements of total cholesterol levels
at baseline and at study end in all participants. The START trial was
approved by the Medical Ethics Committee of the Leiden University
Medical Center, Leiden, the Netherlands, and all study participants

gave written informed consent prior to participation.

2.2 | Baseline measurements

The study baseline was set as the last regular visit of the partici-
pant to the anticoagulation clinic. All participants were screened on
acquired risk factors for VTE through a questionnaire, in addition
to being tested on kidney and liver function. Participants stopped
using their vitamin K antagonist 1 month prior to study inclusion and
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baseline blood draw to allow for a leaching period for the anticoagu-
lant drugs. Non-fasting blood samples were collected in Vacutainer
tubes containing 3.2% sodium citrate (Becton Dickinson) at baseline
and at study end (i.e., 28 days later). Samples were centrifuged at
2500 g for 15 min at 18°C and platelet-poor plasma (PPP) was stored
at -80°C until analysis.

2.3 | Measurement of PPL clotting activity
in plasma

A modified FXa-dependent PPL clotting assay (in house), previ-
ously described in detail,?’ was used to measure plasma levels of
PPL in citrated platelet-free plasma (PFP; n = 245). Briefly, PPP
samples were thawed and centrifuged 13,500 g for 2 min to gener-
ate PFP. PPL-depleted plasma (PPLDP) was prepared from pooled
citrated PFP (n = 18) centrifuged at 100,000 g for 60 min at 16°C
(Beckman Optima LE-80K Ultracentrifuge, rotor SW40TI, Beckman
Coulter). PPLDP was aliquoted and stored at -80°C until further
use. Twenty-five pl of test plasma was mixed with 25 pl PPLDP,
incubated for 2 min at 37°C, before the reaction was initiated by
the addition of 100 pl of pre-warmed FXa reagent (0.1 U/ml bo-
vine FXa in 15 mM calcium chloride, 100 mM sodium chloride, and
20 mM HEPES buffer, pH 7.0). A commercially available standard-
ized reagent containing 0.1% of rabbit brain cephalin in a buffered
solution was used as calibrator (UPTT from Bio/Data Corporation).
Clotting tests were carried out in duplicate on a StarT4 instrument
from Diagnostica Stago. PPL levels were measured in seconds of
clotting time, and converted to mU/ml, using the UPTT calibrator.
The PPL assay displayed low inter and intra coefficients of variabil-
ity (CVs) of <4% and variation between runs was adjusted for by an

internal standard.

2.4 | Analysis of total- and platelet-derived
microvesicles in plasma by flow cytometry

Plasma samples were selected from 40 participants from the rosu-
vastatin treatment group and 20 participants from the non-statin
group. Participants with the largest decrease in plasma PPL activity
were selected from the rosuvastatin treatment group as measure-
ment of microvesicles by flow cytometry was expected to be less
sensitive for changes than the plasma PPL activity. One sample from
the no treatment group was later excluded due to technical failure.
Plasma samples were thawed and centrifuged a second time for
2500 g for 15 min. Two hundred microliter of PFP was diluted 10x
in pre-filtered (Amicon Ultra-15 filters, 10 kDa cutoff) Dulbecco’s
phosphate-buffered saline (DPBS) that is free of Ca®*/Mg?* (Thermo
Fisher Scientific). Samples were centrifuged at 20,000 g for 30 min
at 4°C to pellet EVs. Supernatants were carefully aspirated and
the EV pellets were divided and stained for PS using fluorescein

isothiocyanate (FITC)-labeled bovine lactadherin (Haematologic

.ﬂ1 | 3
J

Technologies) and CD41 APC-H7 clone HIP8 (BioLegend), or with
FITC-labeled bovine lactadherin and matched isotype controls. All
antibodies and isotype controls were filtered using 0.22 pum ultra-
free-MC centrifugal filter (Merck, Millipore) before use. EV pellets
were incubated with antibody or isotype control mixture for 20 min
at 4°Cin the dark. Samples were washed with 1 ml pre-filtered DPBS
and centrifuged at 20,000 g for 30 min at 4°C. Pellets were resus-
pended in 200 pl pre-filtered DPBS and samples were analyzed using
CytoFLEX (Beckman Coulter) at the rate of 10 ul/min. Data analy-
sis was performed using CytExpert 2.0 (Beckman Coulter). The EV
gate was set using Rosetta calibration beads (Exometry). EVs were
defined according to size and lactadherin-positive staining. The
total number of EVs was calculated from the number of detected
lactadherin-positive events in every sample, and further converted
to EV number per microliter plasma (EV/ul) using the original volume

of analyzed plasma (150 pl).

2.5 | Statistical analysis

Statistical analyses were performed using R (version 4.0.3 for
Windows; R Foundation). Descriptive statistics were used to de-
scribe the baseline difference between the intervention and the
control group. For the results tables, the treatment and no treat-
ment group, as well as subgroups, were compared using two-sample
t-tests with equal variance assumed and standard multivariate linear
regression models adjusting for age and sex. To minimize the effect
of intra- and inter-individual variability of flow cytometry data on
plasma EVs, these data were displayed as percent change from base-
line before comparison between groups. Pearson’s correlation coef-
ficient was used to estimate correlation.

3 | RESULTS

3.1 | Study population

Between December 2012 and December 2016, 255 participants
were randomized to either the rosuvastatin treatment group
(n = 131) or the no treatment group (n = 124). A study flowchart is
shown in Figure 1 with reasons for exclusion. Two participants did
not start rosuvastatin treatment, and another six randomized par-
ticipants did not complete the study, three in each study arm due
to various reasons. The PPL assay measurements could not be per-
formed in two participants due to technical failure, one in each study
arm. Hence, our study population consisted of 125 participants in
the treatment group and 120 in the no treatment group. The time
between the acute VTE and study randomization varied between
4 to 14 months with a median of 7 months. The baseline charac-
teristics of the study population are shown in Table 1. Participants
allocated to no treatment were slightly older (mean age 59 years)

compared to the statin users (mean age 57 years), and were more
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Asessed for eligibility
n=4293

Excluded (n=4038)
-Not meeting inclusion criteria (n=2360)

-Declined to participate (n=1678)

Randomized
n=255

.

Allocated to rosuvastatin treatment group
n=131

Lost to follow-up (n=0)
Study drug not started (n=2)

Discontinued

- Withdrawn consent (n=0)

- Recurrent venous thrombosis (n=2)
- Other serious adverse events* (n=1)
- Death (n=0)

- Technical failure (n=1)

Completed study as intended
n=125

Allocated to no treatment group
n=124

Lost to follow-up (n=0)

Discontinued

- Withdrawn consent (n=1)

- Recurrent venous thrombosis (n=2)
- Other serious adverse events (n=0)
- Death (n=0)

- Technical failure (n=1)

Completed study as intended
n=120

FIGURE 1 Flowchart of the study participants with numbers at enrolment, randomization, and follow-up, and reasons for withdrawal.

*Hospitalization with acute asthma exacerbation

often male (69% vs. 54%). Other characteristics of the participants

associated with VTE risk were equally distributed among the groups.

3.2 | Outcomes

Table 2 and Figure 2 show absolute and changes in plasma PPL ac-
tivity levels within and between the study arms. Plasma PPL ac-
tivity levels decreased significantly from baseline to study end for
rosuvastatin users (mean change, -0.48 mU/ml; 95% confidence
interval [CI] -0.81 to -0.15), while a minor increase was observed
for non-users (mean change, 0.17 mU/ml; 95% CI -0.18 to 0.53) for
overall VTE. Similar trends were observed in subgroup analyses of
participants with a history of provoked and unprovoked VTE, as
well as for DVT and PE. However, a pronounced change in plasma
PPL activity was observed for the PE patients in the rosuvastatin
group (mean difference, -0.94 mU/ml; 95% Cl -1.52 to -0.36), and

particularly for provoked PE (mean difference, -1.14 mU/ml; 95%
Cl -2.13 to -0.16; Table 2 and Figure 2). The absolute and relative
changes in PPL activity between the two study arms are shown in
Table 3. Rosuvastatin treatment yielded a 22% (95% Cl -38.2 to
-5.8) reduction in PPL activity among all VTEs, and 37% (95% ClI
-62.9 to -11.2) reduction in PPL activity in participants with a his-
tory of PE. The treatment effect of rosuvastatin on PPL activity for
overall VTEs, DVTs, and PEs are further illustrated in Figure 3. The
treatment effect was also investigated in a linear model adjusted
for age and sex, as these parameters were not balanced between
groups at baseline.?! Adjustments for age and sex only marginally
altered the mean differences between groups as well as the treat-
ment effects (Table 3).

Total cholesterol levels were reduced from baseline to study
end in the rosuvastatin treatment group by 35% (1.96 mmol/L) and
by 3% (0.17 mmol/L) in the no treatment group. To explore whether
the reduction in PPL activity by statin treatment was explained by
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TABLE 1 Baseline characteristics of the
study participants included in analysis

jth

Rosuvastatin treatment No treatment

(n=125) (n=120)
General
Age (years) 57 (19-83) 59 (21-81)
Male 67 (53.6) 83(69.2)
BMI (kg/m?) 27.4(19.2-43.5) 27.8 (17.2-43.3)
Baseline cholesterol (mmol/L) 5.59 (2.95-8.98) 5.59 (3.33-7.89)
Aspirin use 5(4) 5(4.2)
Venous thromboembolism characteristics
Deep vein thrombosis 71 (56.8) 64 (53.3)
Pulmonary embolism 54 (43.2) 56 (46.7)
Unprovoked 56 (44.8) 63 (52.5)
Provoked 69 (55.2) 57 (47.5)
Surgery/trauma/immobilization 32 (25.6) 31 (25.8)
Travel >4 h 22 (17.6) 14 (11.7)
Estrogen use (% in women) 24 (41.4) 14 (37.8)
Pregnancy/puerperium (% in women) 0(0) 2(5.4)
Malignancy 2(1.6) 8(6.7)
Recurrent venous thromboembolism 10 (8) 8(6.7)
Cardiovascular risk factors
Absent 37 (29.6) 25(20.8)
Present 88(70.4) 95 (79.2)
Current smoking 18 (14.4) 17 (14.2)
Hypertension 24 (19.2) 21 (17.5)
Diabetes 3(2.4) 0(0)
Overweight (25 < BMI < 30) 53 (42.4) 51 (42.5)
Obese (30 < BMI) 29 (23.2) 35(29.2)

Note: Continuous variables denoted as mean (range) and categorical variables as number of (%).

Abbreviation: BMI, body mass index.

the statin-dependent decrease in serum cholesterol, we plotted
the absolute changes in total cholesterol against changes in PPL
activity (Figure 4). A weak and Pearson’s correlation coefficient
of -0.10 (P-value .28) indicates that the reduction in PPL activity
by statin treatment was independent of the cholesterol-lowering
effect.

To assess whether the observed effect of statin treatment on
PPL activity could potentially be explained by alterations in EV
count, EVs were isolated from plasma by ultracentrifugation; la-
beled with lactadherin (which binds to membranes expressing PS);
and CD41, a platelet specific marker; and counted using a sensitive
flow cytometer. Plasma levels of lactadherin-positive and platelet-
derived EV, assessed as percent change from baseline within each
treatment group, are shown as box plots in Figure 5. The box plots
show a modest percentage increase in total EV (Figure 5, left panel)
and platelet-derived EVs (Figure 5, right panel) for the no treatment
group, but no difference in effect between treatment groups. The
absolute numbers of EVs per uL and mean differences in lactadherin-
positive and CD41-positive EV counts are listed in Tables S1 and S2
in supporting information, respectively.

4 | DISCUSSION

In the present study, we investigated the effect of rosuvastatin
treatment on plasma PPL activity, measured by a FXa-dependent
PPL clotting assay, in patients with a history of VTE. Statin treat-
ment caused a 22% reduction in PPL activity for all VTE patients and
37% reduction in PPL activity for PE patients compared to no treat-
ment. The observed effect of rosuvastatin on PPL activity was not
explained by changes in serum levels of total cholesterol or a parallel
change in plasma levels of total- and platelet-derived microvesicles
by statin treatment. The results from our study support the ben-
eficial effect of statin treatment on coagulation factors and throm-
bin generation potential in plasma. As the presence of negatively
charged phospholipids augment the activity of the extrinsic tenase
complex, TF-FVIlla, by several orders of magnitude,26 the combined
effect of reduced PPL activity and modest decline in several coagu-
lation factors may reduce coagulation activation and contribute to
explain why rosuvastatin treatment lowers the risk of VTEY

Clinical studies have shown that statin treatment, either with

31,32

simvastatin,®° atorvastatin,"*2 or cerivastatin,®® caused a beneficial
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VTE
|
No treatment - —:—'—
|
Rosuvastatin treatment - —— |
|
Rosuvastatin treatment | |
vs. No treatment :
T T I T T
B -1 0 1 2
APPL activity
DVT
|
No treatment - —:-0—
|
Rosuvastatin treatment - ———
|
Rosuvastatin treatment | [
vs. No treatment :
T T T T T
2 1 0 1 2
APPL activity
PE
|
No treatment - ; *
|
Rosuvastatin treatment - |
|
Rosuvastatin treatment | _ |
vs. No treatment :
T T T T T
e -1 0 1 2
APPL activity

FIGURE 2 Forest plots of changes in plasma procoagulant phospholipid (PPL) activity (mU/ml; after minus before) within the rosuvastatin
treatment and the no treatment group and between groups for all venous thromboembolisms (VTEs), deep vein thromboses (DVTs), and
pulmonary embolisms (PEs). Values are means with 95% confidence intervals

effect on the coagulation system by a moderate lowering of specific
coagulation factors and thrombin generation. In the START trial, ro-
suvastatin treatment showed favorable effects on the hemostatic
system by reducing plasma levels of coagulation factors FVII, FVIII,
and FXI by 4-6%,2! D-dimer by 3%;2! lowered the ex vivo thrombin
generation potential by 10%;?? and increased the fibrinolytic poten-
tial assessed by shortening of the mean plasma clot lysis time and a
decrease in both plasmin inhibitor levels and thrombin-activatable
fibrinolysis inhibitor (TAFI) activity.23 The treatment effects of ro-
suvastatin on thrombin generation and plasma D-dimer levels were
mainly driven by an increase among non-statin users.??2 In con-
trast, we found a more profound beneficial effect of rosuvastatin
treatment that was mainly driven by a significant decline in the PPL
activity among rosuvastatin users accompanied by a minor increase
in the PPL activity among the non-users. The increase in hemo-
static factors among non-statin users in our and previous studies
from the START trial may be interpreted as a result of the rebound

hypercoagulability often seen after discontinuation of anticoagulant
treatment.3+%

Previous studies have demonstrated that plasma PPL activity is
mainly due to the presence of EVs,?”?8 and most,*¢*° but not all**
case-control studies have reported increased EV-related plasma
PPL activity in VTE patients compared to controls. Therefore, our
findings of a profound decrease in PPL activity by statin treat-
ment may contribute to the reduction of incident and recurrent
VTE by statin treatment.’??° Microvesicles (MVs) are larger EVs
(100-1000 nm in diameter), which bud directly from the plasma
membrane of activated cells, and express surface markers of
their cell of origin.*>*3 The largest proportion of MVs in circulat-

ing blood is derived from platelets***°

and the subsequent pro-
coagulant activity in plasma is mediated by platelet-derived MVs
(PDMVs). 3644 A strong inverse correlation has also been reported
between PPL clotting time and lactadherin-positive EVs measured

in PPP from healthy control subjects and patients with obstructive
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TABLE 3 Treatment effect of rosuvastatin on measures of PPL activity in percentage change and as a linear model for all VTE and
subgroups provoked- and unprovoked VTE, DVT, and PE

Percentage change (%)

Subgroup Delta T - Delta NT
VTE
All -0.66 (-1.14,-0.17) -22.0(-38.2,-5.8)
Provoked -0.59 (-1.35,0.17) -19.7 (-45.0, 5.6)
Unprovoked -0.73 (-1.33,-0.12) -24.7 (-45.1,-4.2)
DVT
All -0.23(-0.77,0.32) -8.2(-28.0, 11.6)
Provoked 0.11 (-0.58, 0.80) 3.9 (-21.2,29.0)
Unprovoked -0.59 (-1.45,0.27) -21.4(-52.5,9.7)
PE
All -1.21(-2.05, -0.37) -37.0(-62.9,-11.2)
Provoked -1.45 (-2.86, -0.04) -43.9 (-86.8,-1.1)
Unprovoked -0.91(-1.77,-0.05) -28.4(-55.2, -1.6)

Linear model adjusted effect®

-0.63(-1.12, -0.14)
-0.22(-0.77,0.32)
-0.72(-1.33, -0.10)

-0.22 (-0.77,0.32)
0.13(-0.57,0.83)
-0.60 (-1.47,0.27)

-1.13(-2.01, -0.2¢)
-1.34(-2.85,0.18)
-0.90 (-1.79, -0.00)

Adjusted percentage
effect? (%)

-21.0(-37.5, -4.6)
-18.0(-43.8,7.7)
-24.3(-45.1, -3.5)

-8.1(-27.9, 11.8)
4.6 (-20.8, 30.0)
-21.7 (-53.3,9.9)

-34.8(-61.7,-8.0)
-40.7 (-86.6, 5.3)
-27.9 (-55.7,-0.1)

Note:: Values are mean differences between groups with 95% confidence intervals in parentheses or percentage change calculated using the mean
difference and dividing it by the mean baseline levels of PPL for both groups.

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; PPL, procoagulant phospholipids; VTE, venous thromboembolism.

?Adjusted for age and sex.
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FIGURE 3 Forest plot of the treatment effects (change within
the statin group minus the change in the no treatment group) as
percentage change in procoagulant phospholipid (PPL) activity

for all venous thromboembolisms (VTEs), deep vein thromboses
(DVTs), and pulmonary embolisms (PEs). Values are means with 95%
confidence intervals

sleep apnoea (OSA), though the strength of the correlations was
mainly driven by the OSA patients.?® We therefore hypothesized
that the reduction we observed in plasma PPL activity following
rosuvastatin treatment was caused by a parallel decline in plasma
MV levels, and particularly platelet-derived MVs. To test our hy-
pothesis, we isolated EVs from PFP and measured the total count
(lactadherin-positive) and platelet-derived MVs (lactadherin- and
CD41-positive) by flow cytometry. Although we found statin
treatment to lower the PPL activity in the treatment group, we
did not observe a reduction in total EV count, nor platelet-derived
EVs, for comparisons between—or within—study groups.
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FIGURE 4 Change inindividual total cholesterol levels
from baseline to study end plotted against change in individual
procoagulant phospholipid (PPL) activity for the treatment group

Our results show that rosuvastatin treatment did not affect
plasma MV levels in patients with a history of VTE. Contradicting
our findings, previous observational studies have shown that pa-
tients with arterial cardiovascular diseases or risk factors (hyper-
lipidemia in particular) had higher plasma MV levels than control
individuals, and that statin treatment lowered plasma MV levels
in most, but not all, studies.*®>* Several factors may contribute to
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FIGURE 5 The effect of rosuvastatin treatment and no treatment on percentage change of lactadherin-positive (left panel) and platelet-
derived (right panel) extracellular vesicles from baseline to study end in plasma measured by flow cytometry

explain our findings. First, the effect of statin treatment on plasma
MV levels may be limited to individuals with arterial cardiovascular
diseases and risk factors, and not transferrable to VTE patients.
Second, one might speculate that statin treatment could differen-
tially influence EV formation from various intravascular cells and
the subsequent process of externalization of PS to the outer leaf-
let of the cell membrane during EV formation.>? Accordingly, in a
placebo-controlled randomized double-blinded crossover study,
the treatment of 19 patients with peripheral arterial occlusive dis-
ease for 8 weeks with 80 mg atorvastatin daily showed a reduc-
tion in plasma MV levels expressing CD62P- and CDé1-positive
MVs without affecting plasma levels of lactadherin-positive EVs.?
Third, a well-recognized limitation of flow cytometry as a method
is the detection limit of the instrument. Even a sensitive flow cy-
tometer will still only detect vesicles above approximately 200 nm
in diameter, and thereby exclude the smaller-sized population of
EVs. Vesicles larger than 200 nm in diameter have been reported
to only account for a minority of the EV population (<5%). This may
imply that a possible decrease in plasma EVs after statin treatment
could have been masked by the unchanged level of EVs >200 nm
in diameter.>®

Some aspects of our randomized controlled trial need attention.
Neither the patients nor the physicians were blinded to treatment.
However, it is unlikely that knowledge of the treatment would affect
the laboratory outcomes. Furthermore, the technicians conducting
the laboratory analyses were blinded to sample treatment. In ad-
dition, despite randomization, the distribution of age and sex was
uneven between the study arms. We decided a priori to adjust anal-
ysis for age and sex as potential confounders, and adjustments did
not influence the observed treatment effect. Even though results
from subgroup analysis revealed the most pronounced decrease in
plasma PPL activity in individuals with a history of PE, they should
be interpreted with caution as the study was not originally powered

to analyze differences in subgroups.21 Last, as participants were

recruited from an outpatient setting, it limits the risk of confounding
diseases at randomization, and for analysis, participants were com-
pared with themselves. Unfortunately, it was not possible to assess
whether anti-inflammatory effects of statin treatment could partly
explain the beneficial effect of statins on plasma PPL or modify the
statin effect as plasma CRP was not measured in the START trial.

In conclusion, rosuvastatin treatment caused a substantial de-
crease in plasma PPL activity, suggesting that PPL-dependent atten-
uation of coagulation activation may contribute to a reduced VTE
risk by statin treatment. Further studies are warranted to validate
our findings and unravel underlying mechanisms.
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