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Abstract
Purpose: Coagulation abnormalities are one of the most important complications of severe COVID-19, which might lead to venous
thromboembolism (VTE). Hypercoagulability with hyperfibrinogenemia causes large vessel thrombosis and major thromboembolic
sequelae. Statins are potentially a potent adjuvant therapy in COVID-19 infection due to their pleiotropic effect. This study aims
to evaluate the effectiveness of statins in reducing the risk of thrombosis among hospitalized critically ill patients with COVID-19.
Methods: A multicenter, retrospective cohort study of all critically ill adult patients with confirmed COVID-19 admitted to
Intensive Care Units (ICUs) between March 1, 2020, and March 31, 2021. Eligible patients were categorized based on their
usage of statins throughout their ICU stay and were matched with a propensity score. The primary endpoint was the odds
of all cases of thrombosis; other outcomes were considered secondary.
Results: A total of 1039 patients were eligible; following propensity score matching, 396 patients were included (1:1 ratio). The
odds of all thrombosis cases and VTE events did not differ significantly between the two groups (OR 0.84 (95% CI 0.43, 1.66), P=
0.62 and OR 1.13 (95% CI 0.43, 2.98), P= 0.81, respectively. On multivariable Cox proportional hazards regression analysis,
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patients who received statin therapy had lower 30-day (HR 0.72 (95 % CI 0.54, 0.97), P = 0.03) and in-hospital mortality (HR 0.67
(95 % CI 0.51, 0.89), P = 0.007). Other secondary outcomes were not statistically significant between the two groups except for
D-dimer levels (peak) during ICU stay.
Conclusion: The use of statin therapy during ICU stay was not associated with thrombosis reduction in critically ill patients with
COVID-19; however, it has been associated with survival benefits.

Keywords
statin, hydroxymethylglutaryl-CoA reductase inhibitors, thrombosis, venous thromboembolism, critical illness, COVID-19,
SARS-CoV-2, mortality, inflammation
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Introduction
Since the outbreak of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) globally, 230 million and more
than 4.7 million deaths as of 25 September 2021 were reported.1

The severity of Corona Virus Infection Disease 2019
(COVID-19) symptoms varies from one person to another, as
if they may be either asymptomatic or severe in some cases
requiring intensive unit (ICU) admission. The progression of
clinical symptoms can be related to several mechanisms.
However, one previous study concluded that endothelial dys-
function, inflammatory, and immunological response can play
a crucial role in the pathogenesis of viral pneumonia, including
COVID-19 patients. This effect can trigger a wide array of
severe adverse complications that further increase mortality,
such as arterial and venous thrombotic events. White blood
cells (WBC), neutrophils, lymphocytes, neutrophil/lymphocyte
ratio (NLR), and platelets/lymphocyte ratio (PLR) are all easy
and obtainable markers of systemic inflammation that aids
patient’s prognosis and follow up. Higher levels of NLR in
COVID19 patients suggested a poor outcome in COVID19
patients. Additionally, PLR was also higher in COVID-19
patients, which correlated with poor prognosis and longer
length of hospital stay.2–8

Patients with cardiovascular risk factors or a history of
cardiovascular disease are associated with poor prognosis and
increased mortality when infected with COVID-19.9,10 In criti-
cally ill patients with COVID-19, the risk of in-hospital
and ICU mortality in patients with heart disease failure was sig-
nificantly higher.11 Most of the mortality in COVID-19 patients
was attributed to respiratory-related complications.12 However,
a shred of growing evidence finds that increased mortality and
morbidity related to cardiac complications, including new or
worsening heart failure, new or worsening arrhythmia, myocar-
dial infarction.13,14

Initial studies concluded that the incidence of venous
thromboembolism (VTE) was between 15-25% in hospital-
ized patients with COVID-19. Additionalstudies have
shown that the risk of VTE may be as high as 85% despite
all antithrombotic prophylaxis administered to COVID-19
patients.15,16 However, recently a multiplatform, randomized

trial found that therapeutic anticoagulation use in moderately
ill patients with COVID-19 was associated with an increased
probability of survival and reduced use of ICU-level organ
support compared with usual thromboprophylaxis.17

Unfortunately, this trial noticed no positive outcome
among critically ill patients with COVID-19 who received
therapeutic anticoagulation.18

Statin therapy are known for their lipid-lowering properties, are
commonly used in clinical practice, and recommended by many
guidelines for primary and secondary prevention of atherosclerotic
cardiovascular disease (ASCVD).19–21 Additionally, statins have
pleiotropic effects such as improving endothelial function, anti-
inflammatory, immunomodulatory and antithrombotic effects.19

These pleiotropy effects were the basis for exploring the role of
statins in patients with COVID-19.. Previous published studies
about the effect of statins on mortality in COVID-19 patients
showed different conclusions. More recently, an updated meta-
analysis, including 25 cohort studies, found that statin use is asso-
ciated with lower mortality risk.20

To date, little attention has been paid to the role of statins on
venous thromboembolism (VTE) among COVID-19 patients. In
non-COVID-19 patients, Joseph et al conducted a pooled analy-
sis of (HOPE-3) and (JUPITER) trials to investigate the associa-
tion between rosuvastatin and VTE risk. This trial showed a
lower VTE risk among patients who received rosuvastatin as
compared to placebo (HR 0.53; 95% CI, 0.37-075).22 Also, a
meta-analysis from nine randomized control trials (n= 1165)
showed that statin could significantly decrease plasma D dimer
levels.23 Despite many studies on statin benefits in COVID-19
patients, there is a lack of evidence about the effectiveness of
statins in reducing the risk of VTE in critically ill patients with
COVID-19 infection. Therefore, the aim of this study is to eval-
uate the role of statins in reducing the risk of thrombosis among
hospitalized critically ill patients with COVID-19.

Methods

Study Design
A multicenter, retrospective cohort study including critically ill
adult patients admitted to the Intensive care unit (ICU) from
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March 1, 2020, until March 31, 2021, with confirmed
COVID-19. The study was approved by King Abdullah
International Medical Research Center (KAIMRC) (Ref.#
RC20/683/R). All patients were followed until they were dis-
charged from the hospital or died during the in-hospital stay.
Informed consent was waived due to the retrospective observa-
tional nature of the study.

Study Participants
We included adults patients (age≥ 18 years) admitted to the ICUs
with confirmed COVID-19. Patients were diagnosed with
COVID-19 using Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR) nasopharyngeal or throat swabs. Patients
were excluded if the ICU length of stay (LOS) ≤ one day, died
within 24 h of ICU admission, were labeled as
"Do-Not-Resuscitate", had a history of VTE, Systemic lupus ery-
thematosus (SLE), or Antiphospholipid antibody syndrome
(APLS) (Figure 1). Eligible patients were then categorized into
two groups based on the statin therapy used during ICU stay
(control vs statin). Statins were prescribed in the ICU as part of
the medication reconciliation process if they had been prescribed
in the pre-ICU period or were newly initiated in the ICU for
various indications at the discretion of the ICU treating team.

Study Setting
The study was conducted at four hospitals in Saudi Arabia:
King Abdulaziz Medical City (Riyadh), King Abdulaziz

University Hospital (Jeddah), King Abdullah bin Abdulaziz
University Hospital (Riyadh), and King Salman Specialist
Hospital (Hail). The primary site for this multicenter retrospec-
tive study was King Abdulaziz Medical City (Riyadh).

Data Collection
Each patient’s data were collected and managed using Research
Electronic Data Capture (REDCap®) software hosted by King
Abdullah International Medical Research Center (KAIMRC).
We collected patients’ demographic data, comorbidities, vital
signs, and laboratory tests such as renal profile (ie, estimated
glomerular filtration rate (eGFR)), liver function tests (LFTs)
(ie, total bilirubin), coagulation profile (ie, INR, aPTT, platelets
count), and surrogate markers (ferritin, D-dimer, and C-reactive
protein (CRP)) within 24 h of ICU admission. Moreover,
severity score baseline (ie, Acute Physiology and Chronic
Health Evaluation II (APACHE II) and Sequential Organ
Failure Assessment (SOFA)), Glasgow Coma Score (GCS),
acute kidney injury, use of prone positioning, the needs for
mechanical ventilation (MV) and MV parameters (eg, PaO2/
FiO2 ratio (lowest), FiO2 requirement (highest)) within 24 h
of ICU admission were recorded. Surrogate biomarkers of the
COVID-19-associated inflammation (ferritin, D-dimer, and
C-reactive protein (CRP)) were collected and reported with
their baseline and peak values during the ICU stay. In addition,
statin therapy, tocilizumab, corticosteroids, and pharmacologi-
cal VTE prophylaxis use were documented for the eligible
patients (Additional file 1).

Figure 1. Critically ill patients with COVID-19 flowchart.
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Baseline Severity Score Definitions

• Acute Physiology and Chronic Health Evaluation II
(APACHE II): A score based on physiologicmeasurements,
age, and associated comorbidities to estimate in-hospitalmor-
tality. The score ranges between 0 and 71 with higher scores
being associated with increased mortality.24

• SequentialOrganFailureAssessment (SOFA):A score based
on physiological measurements related to six vital body
organs to estimate their performance and predict associated
risk of mortality. The SOFA score ranges from 0 to 24. The
higher the SOFA score, the higher the predicted mortality.25

• Glasgow Coma Score (GCS): A score designed to evalu-
ate the patient’s overall mental status through assessment
of eye, verbal, and motor responses. The GCS score
ranges from 0 to 15 with higher scores being associated
with better mental status.26

Sample Size Calculation
A total of 310 subjects (155 in each group) required to detect the
minimal difference in the incidence of all thrombosis cases of
10% between statin and non-statin group, with 5% level of sig-
nificance and 80% power of test. The sample size was calculated
using power analysis and sample size (PASS) software (PASS 15
Power analysis and sample size software (2017). NCSS, LLC.
KAYSVILLE, Utah, USA, ncss.com/software/pass).

Outcomes
The primary endpoint was all thrombosis cases. The secondary
endpoints were VTE, 30-day/in-hospital mortality,
ICU-acquired complications (new onset atrial fibrillation,
major and minor bleeding), and follow-up surrogate markers
during ICU stay.

Outcome Definition (s)

• Arterial/venous thrombosis defined using the International
Statistical Classification of Diseases (ICD)10-CM code
(ie, Myocardial infarction (MI), ischemic stroke, pulmo-
nary embolism, deep vein thrombosis).23

• The 30-day mortality was defined as a death occurring for
any cause within 30 days of the admission date during
hospital stay; patients who were discharged from the hos-
pital alive were presumed to be survived.

• Major Bleeding defined as clinically overt bleeding with
at least one of the following: Fatal, symptomatic intracra-
nial hemorrhage, retroperitoneal hemorrhage, intraocular
hemorrhage leading to significant vision loss, a decrease
in hemoglobin of >3.0 g/dl (with each blood transfusion
unit counting for 1.0 g/dl of HB) and requiring transfusion
of two or more units of red blood cells or the equivalent of
whole blood.24

• Minor Bleeding defined clinically significant bleeding
not meeting the definition of major and leading to inter-
ruption of study drug surgical intervention or transfusion
of 1 unit of blood.25

• New-onset atrial fibrillation (A fib.) was defined as new
onset or a first detectable episode of atrial fibrillation
(any type), whether symptomatic or not.

Statistical Analysis
We presented continuous variables as mean and standard devi-
ation (SD), or median with lower quartile (Q1) and upper quar-
tile (Q3), as appropriate and categorical variables as number
(percentage). The normality assumptions were assessed for all
numerical variables using a statistical test (ie, Shapiro–Wilk
test\Kolmogorov Smirnov test) and graphical representation
(ie, histograms and Q-Q plots). Model fit assessed using the
Hosmer-Lemeshow goodness-of-fit test.

Baseline characteristics and outcome variables were com-
pared between the two study groups. For categorical variables,
we used the Chi-square or Fisher’s exact test. We compared the
normally distributed continuous variables using student t-test
and other non-normally distributed continuous variables with
the Mann-Whitney U test. Multivariable Cox proportional
hazards regression analyses were performed for the 30-day
and in-hospital mortality. Multivariable regression analysis
and negative binomial regression were used for the other out-
comes considered in this study. The odds ratios (OR), hazard
ratio (HR), or estimates with the 95% confidence intervals
(CI) were reported as appropriate. No imputation was made
for missing data as the cohort of patients in our study was not
derived from random selection. We considered a P value of <
0.05 statistically significant and used SAS version 9.4 for all
statistical analyses.

Propensity score matching procedure (Proc PS match) (SAS,
Cary, NC) was used to match patients who received statin
therapy (active group) to patients who did not (control group)
based on patient’s age, BMI, APACHE 2 score, D-dimer,
aPTT, MV status, systemic corticosteroids use, pharmacologi-
cal DVT prophylaxis use, stroke and atrial fibrillation as coex-
isting illness. A greedy nearest neighbor matching method was
used in which one patient who received statin therapy (active)
group matched with one patient who did not (control), which
eventually produced the smallest within-pair difference
among all available pairs with treated patients. Patients were
matched only if the difference in the logits of the propensity
scores for pairs of patients from the two groups was less than
or equal to 0.5 times the pooled estimate of the standard
deviation.

Results
A total of 1039 patients were eligible based on the selected
inclusion/exclusion criteria. Of these patients, 279 (26.8%)
received statin during ICU stay. After propensity score
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matching (1:1 ratio), 396 patients were included based on pre-
defined criteria. Most of the patients who received statin were
using it for chronic conditions (eg, DLP, IHD). Statins were dis-
continued on only fifteen patients (7.8%) during ICU stay; liver
injury was the most common cause (6 patients), followed by
rhabdomyolysis (5 patients). Atorvastatin (81.8%) with a
median dose of 20 mg was the most often used statin, followed
by Rosuvastatin (16%) with a median dose of 20 mg.

Demographic and Clinical Characteristics
The majority of the patients included in both arms (68.9%) were
male, with a mean age of 61.6 (SD+ 14.8). Diabetes mellitus
(59.0%), hypertension (55.3%), and dyslipidemia (19.3%)
were the most prevalent underlying comorbidities in our
patients. There were some notable differences between the
two groups before propensity score matching; patients who
did not receive statin therapy (control group) were younger,
placed more in a prone position, had higher total WBC count,
aPTT, D-dimer, ferritin, and creatine phosphokinase (CPK)
levels baseline within 24 h of ICU admission. On the other
hand, patients who received statins had significantly higher
MV needs within 24 h of ICU admission, C-reactive protein
(CRP) baseline, systemic corticosteroids, and pharmacological
DVT prophylaxis use compared with the control group.
Following the propensity score matching based on the selected
criteria, most of these baseline and demographic characteristics
were similar between the two groups. A Summary of the
patients’ baseline characteristics is available in (Additional
file 1).

All Thrombosis Cases/ Venous Thromboembolism (VTE)
There was no significant difference in all thrombosis events in
crude analysis between the statin and control group (9.1%
vs. 10.1; p-value= 0.75, respectively). Patients who received

statin showed a lower thrombosis events by 16% in compared
to the control group, but it failed to reach the statistical signifi-
cance at multivariable logistic regression analysis (OR (95%
CI): 0.84 (0.43, 1.66), p-value= 0.62) (Table 1).

In crude analysis, the prevalence of VTE rate was not statisti-
cally significant among patients who received statin therapy
compared to patients who did not (5.0% vs. 4.0%; p-value=
0.63), respectively. Moreover, there was no statistically signifi-
cant difference between the two groups after using multivari-
able logistic regression analysis (OR (95%CI): 1.13 (0.43,
2.98), p-value= 0.81) (Table 1).

30-day and in-Hospital Mortality
There was no significant difference in the 30-day mortality (42.9%
vs 50.0%, p-value= 0.16) nor in-hospital mortality (47.5% vs
54.1%, p-value= 0.19) between the statin and the control
group at crude analysis, respectively (Table 1). However, accord-
ing to the cox proportional hazards regression analysis, patients
who received statin had a lower 30-day mortality (HR 0.72;
95% CI 0.54, 0.97, P= 0.03) and in-hospital mortality (HR
0.67; 95% CI 0.51, 0.89, P=0.007) compared with the control
group (Table 1).

Complications During ICU Stay
Interestingly, patients who received statin therapy had a lower
odds of liver injury, but it was not statistically significant (OR
(95%CI): 0.53 (0.26, 1.07), p-value= 0.08). In terms of major
bleeding, there was no significant difference in crude analysis
in the patient who received statin compared to patients who
did not (7.6% vs. 5.1%; p-value= 0.30). Although, results
from the multivariable logistic regression analysis; demon-
strated a higher odds of major and minor bleeding in the
statin group ; however, it did not reach the statistical signifi-
cance (OR (95%CI): 1.55 (0.68, 3.53), p-value= 0.30 and OR

Table 1. Regression Analysis for the Outcomes After PS.

Outcomes

Number of outcomes/Total
number of patients

P-value^^ Odds Ratio (OR) (95%CI) P-value $Control Statin

Venous Thromboembolism (VTE), n(%)Δ 8/198 (4.0) 10/198 (5.0) 0.63 1.13 (0.43, 2.98) 0.81
All thrombosis cases (Arterial/venous), n(%)Δ 20/198 (10.1) 18/197 (9.1) 0.75 0.84 (0.43, 1.66) 0.62
New onset A fib., n (%)Δ^ 15/174 (7.9) 21/188 (11.2) 0.29 1.7 (0.67, 2.41) 0.47
Major bleeding, n(%)Δ 10/198 (5.1) 15/197 (7.6) 0.30 1.55 (0.68, 3.53) 0.30
Minor bleeding, n(%)Δ 13/197 (6.6) 15/198 (7.6) 0.71 1.14 (0.52, 2.50) 0.75
Liver injury, n(%)Δ 23/198 (11.6) 13/198 (6.6) 0.08 0.53 (0.26, 1.07) 0.08

Hazard Ratio (HR) (95%CI) P-value $

30-day mortality, n(%)Δ 99/198 (50.0) 85/198 (42.9) 0.16 0.72 (0.54, 0.97) 0.03
In-hospital mortality, n(%)Δ 105/194 (54.1) 93/196 (47.5) 0.19 0.67 (0.51-0.89) 0.007

Δ^ Denominator of the percentage is non-atrial fibrillation as comorbidity.
Δ Denominator of the percentage is the total number of patients.
^^ Chi-square test is used to calculate the P-value.
$ Propensity score matched used based patient’s age, BMI, APACHE 2 score, D-dimer, aPTT, MV status, systemic corticosteroids use, pharmacological DVT
prophylaxis use, stroke and atrial fibrillation as co-existing illness.
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(95%CI): 1.14 (0.52, 2.50), p-value= 0.75, respectively). In
addition, patients who received statin have a higher odds of
new-onset atrial fibrillation; but, it was not statistically signifi-
cant (OR (95%CI): 1.7 (0.67, 2.41), p-value= 0.47) (Table 1).

Follow-up Surrogate Markers During ICU Stay
Ferritin, and CRP as follow-up inflammatory markers during
were the same between the two groups, while D-dimer was sig-
nificantly lower in patients who received statins in comparison
to those who did not with a beta coefficient (95%CI): −2.64
(−3.16, −2.12), p-value <0.0001 (Table 2).

Discussion
Our cohort study examined the association between statins use
and VTE incidence in critically ill patients with COVID −19.
Our data showed no statistically significant reduction in all
thrombosis cases and VTE events in COVID-19 patients who
received statins compared with patients who did not. On the
other hand, patients who received statins during their ICU
stay had lower 30-day and in-hospital mortality.

Even though our findings showed no statistically significant
difference in VTE prevalence and all cases of thrombosis, crit-
ically ill patients with COVID-19 are known to have hyperco-
agulable states and a high incidence of VTE.27–29 A
meta-analysis of 19 studies with 1599 patients showed that
the prevalence of VTE, DVT, and PE in critically ill patients
with COVID −19 was 28.4%, 25.6%, and 16.4%, respec-
tively.29 Similar to our finding, a randomized controlled trial
(INSPIRATION-S) compared atorvastatin 20 mg daily with
placebo in critically ill patients with COVID-19 found that start-
ing the statin did not shows thrombosis benefits.30 We propose
two potential explanations for our observed findings. First, all
patients in this study and previous studies were taking some
form of VTE pharmacological prophylaxis.. Therefore, identi-
fying patients who cannot receive thromboprophylaxis during
the AC-free period will help assess statin’s pleiotropic and anti-
inflammatory effects to reduce VTE incidence. Additionally,
our study had a small sample size of patients (n= 396); this
potentially could have limited the ability to detect any differ-
ence between the groups.

Our study showed that the use of statins was associated with a
significant reduction in 30-day mortality and in-hospital mortality
in critically ill patients with COVID-19 compared with the control
group. The effect of statins on reducing mortality in critically ill
patients with COVID-19 has been previously investigated in
several studies. A meta-analysis of 19 observational studies
showed that statins use prior to COVID-19 diagnosis was associ-
ated with lower mortality.31 This aligns with findings observed by
Lori et al in which prior use of statins reduced the risk of death in
patients with CVD and HTN.32 Similarly, a multicenter observa-
tional study in Italy conducted on 842 patients with COVID-19
failed to demonstrate a statistically significant reduction in mortal-
ity among statin users but highlighted that statin use was associ-
ated with more severe disease.33 Conversely, our cohort showed
a significant reduction in D-dimer levels in the statin group than
the control group during the stay, which may be translated to a
reduction in the severity of disease progression that translated to
the observed mortality benefit.

Despite these findings, statins did not improve mortality in a
systematic review by Timotius et al as well in the recent
INSPIRATION-S trial.30,34 In this RCT, only newly initiated
statin therapy was included. It is imperative to note that our
study was conducted on critically ill patients; most of them
who are suffering from ARDS and severe inflammatory
responses.Most of the participants in our study were long-term
users of statins, which would suggest that continuous statins
during the peak of the inflammatory response might be benefi-
cial compared to mild or moderate disease patients who may not
have ARDS or severe inflammation.30

Most of our patients in this study (81.8%) received atorva-
statin 20 mg, which is considered moderate intensity. Although
the LDL lowering activity of statins is dose-dependent, some of
the other pleiotropic activities could happen at even lower drug
concentrations.35 Therefore, statins intensity (ie, high-intensity)
requires further studies to prove its effect on reducing VTE inci-
dence or mortality in COVID-19. Moreover, our study did not
report the type and dose of pharmacological VTE prophylaxis.
During the early COVID-19 era, the Saudi Ministry of Health
(MOH) COVID-19 protocol recommended the use of high dose
VTE prophylaxis (enoxaparin 40 mg BID) in patients with elevated
D-dimer (above 1) and body weight (above 100 kg). This may have
affected the inability to detect any differences in VTE incidence and
all thrombosis as most of our patients had an elevated BMI (mean

Table 2. Follow-Up Surrogate Markers During ICU Stay (Peak Levels)

Outcomes P-value^
beta coefficient (Estimates)

(95%CI) P-value $Control Statin

Ferritin, Median (Q1, Q3) Δ 931.9 (509.8, 1648.5) 718.1 (341.1, 2143.8) 0.19 0.08 (−0.18, 0.34) 0.55
D-dimer, Median (Q1, Q3) Δ 5.4 (1.8, 17.1) 3.0 (1.6, 6.5) 0.0002 −2.64 (−3.16, −2.12) <0.0001
C-reactive protein (CRP), Median
(Q1, Q3) Δ

120.5 (28.5, 238.5) 140.5 (74.5, 258.3) 0.04 0.19 (−0.04, 0.43) 0.09

Δ Denominator of the percentage is the total number of patients.
^ Wilcoxon rank sum test is used to calculate the P-value.
$ Propensity score matched is used to calculate estimates and p-value based patient’s age, BMI, APACHE 2 score, D-Dimer, aPTT, MV status, systemic
corticosteroids use, pharmacological DVT prophylaxis use, stroke and atrial fibrillation as co-existing illness.
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above 30) and D-dimer (mean above 1); therefore, they may have
been candidates for high dose VTE prophylaxis.

We believe that our multicenter cohort study is one of few
studies that evaluated statins’ clinical and safety outcomes in
critically ill patients with COVID-19 using propensity score
matching and multiple regression analysis to minimize the
bias. Nevertheless, we also determined some limitations in
our study, such as the retrospective nature, which cannot
prove causality and may have been affected by missing docu-
mentation that could be translated to unmeasured confounders.
Another limitation is the lack of data on the duration of statin
use before ICU admission and the timing of statin initiation
(New Vs. Continuation). Even though we observed mortality
benefits, we did not assess the long-term benefit of statin use
after COVID-19 survival. Arterial thrombosis was numerically
less in statin recipients who were already at risk for arterial
thrombosis due to their underlying condition in addition to
the pathogenesis of COVID19. This study could lead to a
larger, well-designed, randomized controlled trial in critically
ill patients with COVID −19 to investigate the efficacy and
safety of statins on thrombosis risk and mortality.

Conclusion
The use of statin therapy in critically ill patients with COVID-
19 did not result in VTE reduction but was associated with lower
mortality. Additionally, patients who received statin therapy were
more likely to have lower D-dimer levels, indicating that contin-
uing statin therapy might be safe and beneficial. However, the
dose and timing of statin therapy, along with other modes of pro-
phylaxis are crucial to lowering the inflammatory process and
progression of disease that could improve survival rates since
inflammatory markers play a key role in complications, pathogen-
esis, and mortality rate. Further randomized clinical studies are
required to evaluate and confirm these findings.

Acknowledgements
We would like to acknowledge the investigators in the Saudi critical care
pharmacy research (SCAPE) platform who participated in this project.

Author Contributions
All authors made a significant contribution to the work reported, whether
that is in the conception, study design, execution, acquisition of data, anal-
ysis and interpretation, or in all these areas; took part in drafting, revising
or critically reviewing the article; gave final approval of the version to be
published; have agreed on the journal to which the article has been sub-
mitted; and agree to be accountable for all aspects of the work.

Availability of Data and Material
The datasets used and/or analyzed during the current study are available
from corresponding author on reasonable request.

Ethics Approval and Consent to Participate
The study was approved in January 2021 by King Abdullah International
Medical Research Center Institutional Review Board, Riyadh, Saudi
Arabia (Ref.# RC20/683/R). Participants’ confidentiality was strictly

observed throughout the study by using anonymous unique serial
numbers for each subject and restricting data only to the investigators.
Informed consent was not required due to the research’s method as per
the policy of the governmental and local research center.

Patients and Public Involvement
Patients or the public were not involved in the design, or conduct, or
reporting, or dissemination plans of our research.

Consent for Publication
Not applicable.

Competing Interests
No author has a conflict of interest in this study.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The author(s) received no financial support for the research, authorship,
and/or publication of this article.

ORCID iDs
Omar Alshaya https://orcid.org/0000-0002-2244-0491
Khalid Al Sulaiman https://orcid.org/0000-0002-5547-2043

References

1. Organization WH. 2021. WHO Coronavirus Disease (COVID-19)
Dashboard. https://covid19.who.int/. Accessed 5 Oct 2021.

2. Que Y, Hu C, Wan K, et al. Cytokine release syndrome in
COVID-19: a major mechanism of morbidity and mortality. Int
Rev Immunol. 2022;41(2):217-230. https://doi.org/10.1080/08830
185.2021.1884248

3. Wang W, Liu X, Wu S, et al. Definition and risks of cytokine
release syndrome in 11 critically ill COVID-19 patients with pneu-
monia: analysis of disease characteristics. J Infect Dis.
2020;222(9):1444-1451. https://doi.org/10.1093/infdis/jiaa387

4. Sayed Ahmed HA, Merrell E, Ismail M, et al. Rationales and
uncertainties for aspirin use in COVID-19: a narrative review.
Fam Med Community Heal. 2021;9(2). https://doi.org/10.1136/
fmch-2020-000741

5. Wu Z, McGoogan JM. Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) outbreak in
China: summary of a report of 72 314 cases from the Chinese
center for disease control and prevention. JAMA. 2020;323(13):
1239-1242. https://doi.org/10.1001/jama.2020.2648

6. Aktas G. Hematological predictors of novel coronavirus infection.
Rev Assoc Med Bras. 2021;67(Suppl 1):1-2. https://doi.org/10.
1590/1806-9282.67.Suppl1.20200678

7. Singh AK, Malviya R. Coagulation and inflammation in cancer: limita-
tions and prospects for treatment. Biochim Biophys Acta Rev Cancer.
2022;1877(3):188727. https://doi.org/10.1016/j.bbcan.2022.188727

8. Aktas G. A comprehensive review on rational and effective treat-
ment strategies against an invisible enemy; SARS Cov-2 infection.

Al Harbi et al 9

https://orcid.org/0000-0002-2244-0491
https://orcid.org/0000-0002-2244-0491
https://orcid.org/0000-0002-5547-2043
https://orcid.org/0000-0002-5547-2043
https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1080/08830185.2021.1884248
https://doi.org/10.1080/08830185.2021.1884248
https://doi.org/10.1080/08830185.2021.1884248
https://doi.org/10.1093/infdis/jiaa387
https://doi.org/10.1093/infdis/jiaa387
https://doi.org/10.1136/fmch-2020-000741
https://doi.org/10.1136/fmch-2020-000741
https://doi.org/10.1136/fmch-2020-000741
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1590/1806-9282.67.Suppl1.20200678
https://doi.org/10.1590/1806-9282.67.Suppl1.20200678
https://doi.org/10.1016/j.bbcan.2022.188727
https://doi.org/10.1016/j.bbcan.2022.188727


Exp Biomed Res. 2020;3:293-311. https://doi.org/10.30714/j-ebr.
2020463629

9. Inciardi RM, Adamo M, Lupi L, et al. Characteristics and out-
comes of patients hospitalized for COVID-19 and cardiac
disease in Northern Italy. Eur Heart J. 2020;41(19):1821-1829.
https://doi.org/10.1093/eurheartj/ehaa388

10. Mehra MR, Desai SS, Kuy S, et al. Cardiovascular disease, drug
therapy, and mortality in COVID-19. N Engl J Med. 2020;382(25):
e102. https://doi.org/10.1056/NEJMoa2007621

11. Bin SK, Hafiz A, Alsulaiman K, et al. Clinical characteristics and
outcomes of patients with heart failure admitted to the intensive
care unit with coronavirus disease 2019 (COVID-19): a multicen-
ter cohort study. Am Hear J Plus Cardiol Res Pract. 2021;7:
100033. https://doi.org/10.1016/j.ahjo.2021.100033

12. Elezkurtaj S, Greuel S, Ihlow J, et al. Causes of death and comor-
bidities in hospitalized patients with COVID-19. Sci Rep.
2021;11(1):4263. https://doi.org/10.1038/s41598-021-82862-5

13. Ma L, Song K, Huang Y. Coronavirus disease-2019 (COVID-19)
and cardiovascular complications. J Cardiothorac Vasc Anesth.
2021;35(6):1860-1865. https://doi.org/10.1053/j.jvca.2020.04.041

14. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in Wuhan, China: a ret-
rospective cohort study. Lancet. 2020;395(10229):1054-1062.
https://doi.org/10.1016/S0140-6736(20)30566-3

15. Potere N, Valeriani E, Candeloro M, et al. Acute complications and
mortality in hospitalized patients with coronavirus disease 2019: a
systematic review and meta-analysis. Crit Care. 2020;24(1):389.
https://doi.org/10.1186/s13054-020-03022-1

16. Ren B, Yan F, Deng Z, et al. Extremely high incidence of lower
extremity deep venous thrombosis in 48 patients with severe
COVID-19 in Wuhan. Circulation. 2020;142(2):181-183.

17. Lawler PR, Goligher EC, Berger JS, et al. Therapeutic anticoagu-
lation with heparin in noncritically ill patients with COVID-19.
N Engl J Med. 2021;385(9):790-802. https://doi.org/10.1056/
NEJMoa2105911

18. Goligher EC, Bradbury CA, McVerry BJ, et al. Therapeutic anti-
coagulation with heparin in critically ill patients with COVID-19.
N Engl J Med. 2021;385(9):777-789. https://doi.org/10.1056/
NEJMoa2103417

19. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines
for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk. Eur Heart J. 2020;41(1):111-188.
https://doi.org/10.1093/eurheartj/ehz455

20. Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/
AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guideline on the management of blood cholesterol: executive
summary: a report of the American college of cardiology/American
heart association task force on clinical practice guidelines.
Circulation. 2019;139(25):e1046-e1081. https://doi.org/10.1161/CIR.
0000000000000624

21. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA
guideline on the primary prevention of cardiovascular disease: a
report of the American college of cardiology/American heart associ-
ation task force on clinical practice guidelines. Circulation.
2019;140(11):e596-e646. https://doi.org/10.1161/CIR.0000000000
000678

22. Joseph P, Glynn R, Lonn E, et al. Rosuvastatin for the prevention
of venous thromboembolism: a pooled analysis of the HOPE-3
and JUPITER randomized controlled trials. Cardiovasc Res.
2022;118(3):897-903. https://doi.org/10.1093/cvr/cvab078

23. Sahebkar A, Serban C, Mikhailidis DP, et al. Association between
statin use and plasma D-dimer levels. A systematic review and
meta-analysis of randomised controlled trials. Thromb Haemost.
2015;114(3):546-557. https://doi.org/10.1160/TH14-11-0937

24. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE
II: a severity of disease classification system. Crit Care Med.
1985;13(10):818-829.

25. Vincent JL, Moreno R, Takala J, et al. The SOFA (sepsis-related
organ failure assessment) score to describe organ dysfunction/
failure. On behalf of the working group on sepsis-related prob-
lems of medicine. Intensive Care Med. 1996;22(7):707-710.
https://doi.org/10.1007/BF01709751

26. Teasdale G, Jennett B. Assessment of coma and impaired con-
sciousness. A practical scale. Lancet (London, England). 1974;
304(7872):81-84. https://doi.org/10.1016/s0140-6736(74)91639-0

27. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting char-
acteristics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York city area.
JAMA. 2020;323(20):2052-2059. https://doi.org/10.1001/jama.2020.
6775

28. Al-Ani F, Chehade S, Lazo-Langner A. Thrombosis risk associated
with COVID-19 infection. A scoping review. Thromb Res. 2020;
192:152-160. https://doi.org/10.1016/j.thromres.2020.05.039

29. Wu C, Liu Y, Cai X, et al. Prevalence of venous thromboembo-
lism in critically ill patients with coronavirus disease 2019: a meta-
analysis. Front. Med. 2021;8:603558. https://doi.org/10.3389/
fmed.2021.603558

30. Atorvastatin versus placebo in patients with COVID-19 in inten-
sive care: randomized controlled trial. Br Med J. 2022;376:
e068407. https://doi.org/10.1136/bmj-2021-068407

31. Yetmar ZA, Chesdachai S, Kashour T, et al. Prior statin use and
risk of mortality and severe disease from coronavirus disease 2019:
a systematic review and meta-analysis. Open Forum Infect Dis.
2021;8(7):ofab284. https://doi.org/10.1093/ofid/ofab284

32. Daniels LB, Ren J, Kumar K, et al. Relation of prior statin and
anti-hypertensive use to severity of disease among patients hospi-
talized with COVID-19: findings from the American Heart
Association’s COVID-19 Cardiovascular Disease Registry. PLoS
One. 2021;16(7):e0254635. https://doi.org/10.1371/journal.pone.
0254635

33. Mitacchione G, Schiavone M, Curnis A, et al. Impact of prior
statin use on clinical outcomes in COVID-19 patients: data from
tertiary referral hospitals during COVID-19 pandemic in Italy. J
Clin Lipidol. 2021;15(1):68-78. https://doi.org/10.1016/j.jacl.
2020.12.008

34. Hariyanto TI, Kurniawan A. Statin therapy did not improve the
in-hospital outcome of coronavirus disease 2019 (COVID-19)
infection. Diabetes Metab Syndr. 2020;14(6):1613-1615. https://
doi.org/10.1016/j.dsx.2020.08.023

35. Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins on the
cardiovascular system. Circ Res. 2017;120(1):229-243. https://
doi.org/10.1161/CIRCRESAHA.116.308537

10 Clinical and Applied Thrombosis/Hemostasis

https://doi.org/10.30714/j-ebr.2020463629
https://doi.org/10.30714/j-ebr.2020463629
https://doi.org/10.30714/j-ebr.2020463629
https://doi.org/10.1093/eurheartj/ehaa388
https://doi.org/10.1093/eurheartj/ehaa388
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1016/j.ahjo.2021.100033
https://doi.org/10.1016/j.ahjo.2021.100033
https://doi.org/10.1038/s41598-021-82862-5
https://doi.org/10.1038/s41598-021-82862-5
https://doi.org/10.1053/j.jvca.2020.04.041
https://doi.org/10.1053/j.jvca.2020.04.041
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1186/s13054-020-03022-1
https://doi.org/10.1186/s13054-020-03022-1
https://doi.org/10.1056/NEJMoa2105911
https://doi.org/10.1056/NEJMoa2105911
https://doi.org/10.1056/NEJMoa2105911
https://doi.org/10.1056/NEJMoa2103417
https://doi.org/10.1056/NEJMoa2103417
https://doi.org/10.1056/NEJMoa2103417
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1093/cvr/cvab078
https://doi.org/10.1093/cvr/cvab078
https://doi.org/10.1160/TH14-11-0937
https://doi.org/10.1160/TH14-11-0937
https://doi.org/10.1007/BF01709751
https://doi.org/10.1016/s0140-6736(74)91639-0
https://doi.org/10.1016/s0140-6736(74)91639-0
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1016/j.thromres.2020.05.039
https://doi.org/10.1016/j.thromres.2020.05.039
https://doi.org/10.3389/fmed.2021.603558
https://doi.org/10.3389/fmed.2021.603558
https://doi.org/10.1136/bmj-2021-068407
https://doi.org/10.1136/bmj-2021-068407
https://doi.org/10.1093/ofid/ofab284
https://doi.org/10.1093/ofid/ofab284
https://doi.org/10.1371/journal.pone.0254635
https://doi.org/10.1371/journal.pone.0254635
https://doi.org/10.1016/j.jacl.2020.12.008
https://doi.org/10.1016/j.jacl.2020.12.008
https://doi.org/10.1016/j.jacl.2020.12.008
https://doi.org/10.1016/j.dsx.2020.08.023
https://doi.org/10.1016/j.dsx.2020.08.023
https://doi.org/10.1016/j.dsx.2020.08.023
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1161/CIRCRESAHA.116.308537

	 Introduction
	 Methods
	 Study Design
	 Study Participants
	 Study Setting
	 Data Collection
	 Baseline Severity Score Definitions
	 Sample Size Calculation
	 Outcomes
	 Outcome Definition (s)
	 Statistical Analysis

	 Results
	 Demographic and Clinical Characteristics
	 All Thrombosis Cases/ Venous Thromboembolism (VTE)
	 30-day and in-Hospital Mortality
	 Complications During ICU Stay
	 Follow-up Surrogate Markers During ICU Stay

	 Discussion
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


