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Background: A substantial proportion of adults receive statins for treatment of hypercholesterolemia and cardiovascular risk, and
statins have been found to improve outcomes in this patient population. However, studies have not consistently demonstrated the
potential benefits of statins in preventing venous thromboembolism (VTE). Therefore, we conducted this study to investigate this
association.

Methods: We conducted a cohort analysis in a study sample comprised of 40-79-year-old patients with hyperlipidemia who received
at least one fibrate or statin prescription between January 1995 and December 2018 in the United Kingdom Clinical Practice Research
Datalink (CPRD) GOLD. We evaluated the association between statin use and incident unprovoked VTE, compared to fibrate use, an
active comparator, using Kaplan—-Meier (KM) analysis, Poisson regression (with and without propensity score matching), and inverse
probability of treatment weights (IPTW) marginal structural models (MSM).

Results: In this cohort of 166,292 patients with hyperlipidemia, 0.81% (N=1,353) developed incident unprovoked VTE. In analyses
using the KM method, patients who received statins had a slightly lower risk of VTE compared to those who received fibrates (Log
rank test: p=0.0524). The adjusted incident rate ratio (95% CI) for VTE, calculated using Poisson regression, controlling for serum
cholesterol and other baseline covariates, in patients prescribed statins compared to fibrates was 0.77 (0.45-1.33) in the full cohort,
0.74 (0.38-1.45) in the propensity score matched analysis, and 0.51 (95% conservative CI: 0.34-0.76) in the IPTW MSM analysis.

Conclusion: While the magnitude of effect varied across the different analytic methods, there is consistent evidence for a protective
effect of statin use on the occurrence of unprovoked VTE.
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Introduction

Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and pulmonary embolism (PE), is
a common condition that continues to be an important cause of morbidity and mortality.! In the United States, over
half a million VTE events are treated yearly, with mortality rates as high as 1-6% for DVT and 12-23% for PE."* Risk
factors and proximate causes of VTE are well documented in the literature, including: estrogen use, obesity, chronic
kidney disease, autoimmune disorders, cancer, recent surgery, fractures, immobilization and recent pregnancy.*® Since
many patients who develop VTE have one or more VTE risk factors or other causes, the challenge in researching drug-

induced VTE is thus to determine whether a VTE is due to the pharmacologic agent or to pre-existing comorbid

conditions.
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Over 25% of Americans 40 years and older take HMG COA reductase inhibitors, also known as statins, to treat
hypercholesterolemia due to the favorable effects of statins on rates of vascular events, myocardial infarction, stroke, and
death, particularly among patients with other cardiovascular risk factors.” The lipid-lowering effect of statins have been
shown to significantly reduce the risk of arterial embolic events.'®'" In contrast, to date, randomized and non-randomized
studies evaluating the relationship between statin therapy and venous thromboembolic events have found conflicting
results.'>* Thus, additional studies are needed to further investigate this potential association.

The anti-inflammatory and antioxidant effects of statins are well documented.** 3¢ Since the mechanisms of
arterial and venous thromboembolism are somewhat related, and statins could potentially have an impact on the

33,34

coagulation pathway, it is conceivable that statin use lowers the risk of VTE. This association was explored over

15 years ago using the General Practice Research Database (GPRD)>’ and The Health Improvement Network
(THIN)*® data with inconclusive results. In the earlier versions of the Clinical Practice Research Datalink (CPRD),
the GPRD, had limited information on lifestyle factors and covariates to control confounding. Thus, residual
confounding could have explained the results of the earlier study. Further, statins were novel during the study period
(1991-2000) and not yet widely prescribed, thus there were few exposed cases and overall case counts were low. The
THIN study®® evaluated all VTE and was not restricted to unprovoked VTE which may explain the null findings
observed.

A major concern with studying the effect of statin use on the risk of VTE is the presence of confounding, thus we
employed propensity score matching which has the advantage of balancing the distribution of measured potential
confounders in the exposed and unexposed groups at baseline. We also used marginal structural models (MSMs) to
control for time-varying confounding®®** by using inverse probability of treatment weights (IPTW) to create a pseudo-
population in which exposure is not confounded.

Methods

This retrospective cohort study was conducted using the United Kingdom (UK) CPRD GOLD, a primary care database,
established in 1987, of over 725 general practices in the UK.** It contains data on a representative sample of more than
11 million UK patients recorded by general practitioners (GPs) using standard software and coding systems. General
practitioners are actively involved in health care coordination, serving as gatekeepers of primary care, and directing
specialist referrals. Thus, CPRD GOLD data is a rich source of real-world data for health care research. In addition to
patient demographic information, CPRD GOLD includes information on patient characteristics like symptoms, body
mass index (BMI), laboratory tests, medical diagnoses, treatments (such as prescriptions issued in primary care, including
dosage and quantity), hospitalizations, referrals, deaths, and health-related behaviors such as smoking and alcohol use.
Large validation studies have demonstrated the accuracy and completeness of data captured in CPRD GOLD for use in
pharmacoepidemiologic research.*>4

The study sample comprised 641,837 patients aged 40-79 years, who were diagnosed with hyperlipidemia and
received at least one fibrate or statin prescription between January 1, 1995, and December 31, 2018, in CPRD GOLD. We
restricted this study to patients aged 40—79 years to limit the heterogeneity of the study population. First, hyperlipidemia
and treatment for hyperlipidemia is less common in patients younger than 40, and age is associated with both VTE and
hyperlipidemia treatment. Restriction also excluded the most complicated population, patients aged 80 and older, who are
more likely to have many comorbidities that could confound the Statin-VTE relationship.

We required all patients to have 1 or more years of information in CPRD GOLD before the cohort entry date and at
least three lipid profile laboratory tests—the first one within one year before the cohort entry date, the second one within
6 months after the cohort entry date, and the third between 6 and 18 months after the cohort entry date. The cohort entry
date was defined as the first date that a statin or fibrate was prescribed with evidence of a diagnosis of hyperlipidemia
either before or on the cohort entry date.

We excluded all patients with a diagnosis of cancer (except non-melanoma skin cancer), AIDS, severe liver disease,
history of VTE, coagulopathies, vasculitis, or chronic kidney disease recorded prior to the cohort entry date from the
study sample.
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Exposure Statin Use

The primary exposure was the use of statins, defined as receipt of at least one statin prescription identified from
medication codes, available in CPRD GOLD. The comparator exposure was the use of a fibrate in the study population,
defined as receipt of at least one fibrate prescription. Patients who switched between drugs were followed from cohort
entry up to switch date; however, we excluded patients who were taking both drugs concomitantly.

Outcome Incident Idiopathic Venous Thromboembolism (VTE)

The study outcome was incident unprovoked VTE (DVT and PE) determined based on Read codes, defined as the first ever
code of VTE in the patient’s medical record that occurred after the cohort entry date. Only unprovoked VTE cases were
included. These were defined as VTE events that were not triggered by another proximate cause (including codes for
pregnancy, immobility, prolonged hospitalization, fractures, multiple traumas, orthopedic surgery involving long bones or
pelvis, or other major surgery) in their record in the 90 days prior to their first VTE diagnosis date. Further, we required
VTE cases to have 1 or more prescription codes for anticoagulants (including unfractionated heparin, low-molecular-weight
heparins [LMWH] and fondaparinux) present after the VTE diagnosis. This requirement was implemented to increase the
specificity of our case definition since anticoagulation is a necessary treatment for thromboembolism. The index date was
defined as the date of the incident (first ever) VTE diagnosis. Since death is a competing risk for VTE, we also evaluated
models for a composite endpoint that comprised an incident unprovoked VTE event or death, separately.

Person-Time Accrual

Patients accrued exposed (statin use) or unexposed (fibrate use) person-time from cohort entry until censoring occurred
due to a VTE diagnosis, switching between study drugs, development of an exclusion criteria, patient turned 80 years
old, end of CPRD record, December 31, 2018, or death, whichever came first.

Covariates

Information on covariates of interest in this study were derived from the patient records and included known or suspected
risk factors for VTE®’ present before or at cohort entry: age, smoking status (never, past, current and unknown), BMI
(<25, 25-<30, >30 kg m?, unknown), calendar time (to capture secular trends in VTE risk and Statin or Fibrate use), and
comorbidities (including diabetes [with/without end-organ damage], cardiovascular disease [myocardial infarction,
peripheral vascular disease, Ischemic heart disease, pericardial disease, pulmonary hypertension, coronary heart disease],
chronic obstructive pulmonary disease, dementia, peptic ulcer disease, liver disease, connective tissue disease, alcohol
abuse disorders, hypertension, and phlebitis). We defined each comorbidity based on the presence of at least one Read
code prior to the cohort entry date. We then calculated a Charlson Comorbidity Index (CCI) score, a weighted index,
summarizing both the number and to some extent, the severity of 19 chronic conditions*’*° for each patient in the study.
We excluded solid tumor, leukemia and lymphoma, AIDS, chronic kidney disease, and severe liver disease categories
when computing the CCI scores because patients with these conditions were already excluded from the study. We
categorized the CCI scores into three groups: 1-3, 4, and 5+. Finally, we classified each patient by hyperlipidemia
duration calculated as time from the first documented hyperlipidemia diagnosis in each patient’s record to cohort entry
date (<1 year or 1+ years).

Data Analysis

We generated descriptive statistics for the study sample to examine the distribution and frequencies of patient character-
istics, VTE risk factors, and covariates by exposure status. We evaluated covariates that were structurally deemed to be
potential confounders of the Statin-VTE association. A covariate was included in the multivariable model if it changed
the main effect measure by at least 10%.

We first compared the risk of VTE in statin users compared to fibrate users using Kaplan—-Meier analysis with the Log
rank test to evaluate time to VTE event. We also calculated VTE incidence rates (IR) based on cumulative follow-up per
1000 person-years (PY) using Poisson regression models and calculated crude and adjusted incidence rate ratios (aIRRs)
and 95% confidence intervals (CI), comparing statin use with fibrate use in models, with and without propensity score
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matching. Matched statin users and fibrate users were required to have a propensity score within 20% of the standard
deviation of the cohort’s mean propensity score.

We conducted additional analyses to account for potential time-dependent confounding due to changes in total serum
cholesterol level and censoring over time using an IPTW MSM for repeated measures. Using the weighted sample, we
then fit a Poisson regression model to estimate adjusted rate ratios (aRRs) and 95% conservative CI comparing statin use
with fibrate use. We used robust variance estimators (generalized estimating equation [GEE] in PROC GENMOD) to
account for the within-subject correlation.

Separate analyses were also conducted to examine the independent association of duration of statin use (by the
number of statin prescriptions) with VTE, using the fibrate use group as the reference category. Finally, we conducted
stratified analyses by sex and age group to assess effect measure modification (EMM).

All analyses were conducted using SAS statistical software (version 9.4, Cary, NC: SAS Institute. Inc).

Data Use and Ethical Approval
This study is based in part on data from the Clinical Practice Research Datalink obtained under license from the UK Medicines
and Healthcare Products Regulatory Agency. The data is provided by patients and collected by the NHS as part of their care
and support. This study was approved by the Independent Scientific Advisory Committee (ISAC) for Medicines and
Healthcare Products Regulatory Agency database research (protocol no: 19 _161), and the protocol was made available to
the journal reviewers upon request. All data accessed complied with relevant data protection and privacy regulations.

This research is exempt from further review and approval under HHS CFR 46.104.

Results

After all exclusions were applied, there were 166,292 patients ages 40—79 years with hyperlipidemia eligible for
inclusion in the CPRD GOLD in 1995-2018, of which 164,595 received a statin prescription and 1697 received
a fibrate prescription at cohort entry. The distribution of potential VTE risk factors and patient characteristics among
statin and fibrate users as well as risk estimates and associated 95% CI for each risk factor are presented in Table 1. At
cohort entry, statin users were older than fibrate users; more likely to be female; had more comorbidities including
hypertension, COPD, and autoimmune diseases; were more likely to have a history of phlebitis and higher total serum

Table | Distribution of Covariates and Univariable Odds Ratios for Statin Users versus Fibrate
Users at Cohort Entry Date for Patients with Hyperlipidemia Aged 40-79 Years in CPRD

1995-2018
Characteristics at cohort entry date | Statin Users | Fibrate Users OR
(N=164,595) (N=1,697) (95% CI)
Age (years)
<50 21,680 (13.1) 376 (22.2) 1.0 (reference)
50-59 50,628 (30.8) 566 (33.4) 1.55 (1.36-1.77)
60-69 60,899 (37.0) 600 (35.4) 1.76 (1.55-2.00)
70+ 31,388 (19.1) 155 (9.1) 3.51 (2.91-4.24)
Meanz Std. Dev 61.20 +9.18 58.19+9.03 1.04 (1.03-1.04)
Sex
Male 83,199 (50.6) 909 (53.6) 1.0 (reference)
Female 81,396 (49.5) 788 (46.4) 1.13 (1.03-1.24)
(Continued)
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Table | (Continued).

Characteristics at cohort entry date | Statin Users | Fibrate Users OR
(N=164,595) (N=1,697) (95% CI)
Cohort entry Year
1995-1999 10,053 (6.1) 959 (56.5) 1.0 (reference)
20002004 53,645 (32.6) 408 (24.0) 12.54 (11.15-14.11)
2005-2009 65,563 (39.8) 205 (12.1) 30.50 (26.19-35.52)
20102018 35,334 (21.5) 125 (7.4) 26.97 (22.35-32.53)
Record Length (Years)
Mean#Std. Dev 15.39 £5.00 9.69+5.28 1.26 (1.25-1.27)
BMI
<25 kg/m? 28,554 (18.6) 289 (17.0) 1.0 (reference)
25-<30 kg/m? 53,863 (35.0) 628 (37.0) 0.85 (0.74-0.98)
230 kg/m? 46,283 (30.1) 504 (29.7) 0.91 (0.78-1.05)
Unknown 25,115 (16.3) 276 (16.3) 0.91 (0.77-1.08)
Mean#Std. Dev 28.82 £5.31 28.84 £5.02 1.00 (1.00-1.00)
Smoking Status
Non-Smoker 64,271 (39.1) 606 (35.7) 1.0 (reference)
Current smoker 22,226 (13.5) 232 (13.7) 0.90 (0.78-1.05)
Past-Smoker 77,872 (47.3) 856 (50.4) 0.86 (0.77-0.95)
Unknown 226 (0.1) 3(0.2) 0.71 (0.23-2.22)
Comorbidities
Hypertension 78,126 (47.5) 747 (44) 1.15 (1.04-1.27)
Diabetes 30,856 (18.7) 431 (25.4) 0.68 (0.61-0.76)
Uncomplicated 557 (0.3) 12 (0.7) 0.48 (0.27-0.85)
End-organ damage 3,491 (2.1) 45 (2.7) 0.80 (0.59-1.07)
Cardiovascular 29,428 (17.9) 423 (24.9) 0.66 (0.59-0.73)
Myocardial infarction 8,048 (4.9) 165 (9.7) 0.48 (0.40-0.56)
Peripheral Vascular Disease 4,350 (2.6) 65 (3.8) 0.68 (0.53-0.88)
Chronic Heart Failure 2,310 (1.4) 49 (2.9) 0.48 (0.36-0.64)
Stroke or TIA 8,764 (5.3) 74 (4.4) 1.23 (0.98-1.56)
Phlebitis 4,377 (2.7) 24 (1.4) 1.90 (1.27-2.85)
Alcohol 6,833 (4.2) 78 (4.6) 0.90 (0.72—-1.13)
Drug use 433 (0.3) 5(0.3) 0.89 (0.37-2.16)
COPD 5,588 (3.4) 39 (2.3) 1.49 (1.09-2.06)
(Continued)
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Table | (Continued).

Characteristics at cohort entry date | Statin Users | Fibrate Users OR
(N=164,595) (N=1,697) (95% CI)
Epilepsy 2,714 (1.6) 23 (1.4) 1.22 (0.81-1.84)
Autoimmune 17,830 (10.8) 137 (8.1) 1.38 (1.16—1.65)
Mild liver disease 403 (0.2) 10 (0.6) 0.41 (0.22-0.78)
Non-melanoma skin cancer 3,845 (2.3) 26 (1.5) 1.54 (1.04-2.27)
Ulcer 6,413 (3.9) 73 43) 0.90 (0.71-1.14)
Charlson comorbidity index score
CCl: -3 142,356 (86.5) 1,493 (88.0) 1.0 (reference)
CCl: 4 15,972 (9.7) 133 (7.8) 1.26 (1.05-1.51)
CCl: 5+ 6,267 (3.8) 71 (4.2) 0.93 (0.73-1.18)
CClI score: Mean+SD 2.29%1.12 2.18%1.15 1.10 (1.05-1.15)
Medications
Antidiabetic 20,202 (12.3) 334 (19.7) 0.57 (0.51-0.64)
Antihypertensive 75,725 (46.0) 696 (41.0) 1.23 (1.11-1.35)
Antipsychotic 36,993 (22.5) 296 (17.4) 1.37 (1.21-1.56)
HRT or OCP 446 (0.3) 11 (0.6) 0.42 (0.23-0.76)
(0.55)* (1.40) 0.39 (0.21-0.71)?
Total serum cholesterol (mmol/L)
Optimal <5.2 13,069 (7.9) 213 (12.6) 1.0 (reference)
Intermediate 5.2-6.2 46,998 (28.6) 323 (19.0) 2.37 (1.99-2.82)
High >6.2 104,528 (63.5) 1161 (68.4) 1.47 (1.27-1.70)
HPL duration (years)
<l 130,857 (79.5) 1,467 (86.5) 1.0 (reference)
I+ 33,738 (20.5) 230 (13.6) 1.64 (1.43-1.89)
Follow-up duration (years) 7.2614.13 5.28+3.87 1.15 (1.13-1.16)

Notes: “Among females only. Categorical variables are presented as N (%), continuous variables are presented as mean +SD;
Cardiovascular disease includes Ischemic heart disease, Acute coronary syndrome, pericardial disease, pulmonary hypertension,

peripheral vascular disease, coronary heart disease; HPL hyperlipidemia.

Abbreviations: OR, Odds Ratio; 95% Cl, 95% Confidence Interval; CCl, Charlson comorbidity index; COPD, Chronic
Obstructive Pulmonary Disease; HRT, Hormone replacement therapy; OCP, oral contraceptive pill; SD, Standard Deviation;

TIA, Transient Ischemic Attack.

cholesterol; but were less likely to be diabetic. Fibrate users had more cardiovascular comorbidities and were more likely
to smoke than statin users. 0.8% (N=1353) of the overall cohort developed incident unprovoked VTE.

The Kaplan-Meier analysis conducted in the full cohort showed that patients who received statins had a slightly lower
risk of VTE compared to those who received fibrates. (Log rank test: p=0.0524) (Figure 1). The results of the Kaplan—
Meier analysis in the propensity score matched cohort did not differ materially from the full cohort analysis (Figure 2).

The crude IR of VTE calculated using Poisson regression was lower in statin users compared to fibrate users. The
IRs were 1.12 per 1000 PY and 1.68 per 1000 PY for statin and fibrate users respectively. The crude IRR for statin use
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Figure | Kaplan-Meier plots for the full study cohort: Association of statins compared to fibrates and incident unprovoked VTE.

compared to fibrate use was 0.67, 95% CI (0.40-1.11). After adjusting for relevant covariates in the multivariable
model, the association was slightly less protective: (alRR=0.77 95% CI (0.45-1.33)). There was a protective effect in
males (aIRR=0.61 95% CI (0.30-1.26)) but there was no effect in female statin users (aIRR=0.98 95% CI (0.44—
2.20)), though numbers were small and confidence intervals were wide (Table 2). The protective effect was consistent
and observed across all subgroups evaluated in supplemental analyses of duration of statin use by number of
prescriptions [data not shown].

Table 3 shows the distribution of baseline characteristics in 1,697 statin users matched 1:1 with fibrate users on
propensity score. Characteristics of statin and fibrate users were successfully balanced for most covariates though there
remained some imbalance following matching that did not improve on trimming. The results provided, therefore, reflect
the untrimmed analyses. The primary difference between the 2 cohorts was that statin users in the matched cohort were
more likely to have elevated total serum cholesterol than fibrate users. The risk of VTE was again lower among statin
users compared to fibrate users; alRR=0.74, 95% CI (0.34-1.45) in the multivariable regression models for the
propensity score matched analyses but the confidence intervals crossed 1 (Table 4).

The aRR was 0.51 (95% conservative CI: 0.34-0.76) estimated from the IPTW MSM analyses yielded a protective
effect and was consistent with the conclusion that statin use decreases the risk of VTE [Supplement 1].

Discussion

We used multiple analytic techniques including Kaplan-Meier and Poisson regression analyses, with and without
propensity score matching, and MSM to evaluate the association between statins and risk of VTE using fibrate users
as the comparison. Overall, the findings from this study, regardless of methodology or duration of use, suggest that there
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Figure 2 Kaplan Meier plots for the propensity score matched dataset: Association of statins compared to fibrates and incident unprovoked VTE.

is a protective effect of statin use ranging from 20% to 50% reduction in risk of VTE. However, the magnitude of the
effect is difficult to establish due to the relatively small size of the non-exposed fibrate group in these data.

The crude effects (crude IRR (95% CI)) of statins on the risk of VTE compared to fibrates were 0.67 (0.40—-1.11) in
the standard regression model and 0.76 (0.39-1.47) in the propensity score matched analyses. After controlling for serum
cholesterol and other baseline covariates, the aIRR in the Poisson regression analysis was still protective in the full cohort

Table 2 Incidence Rates and Incidence Rate Ratios for Statin Use Compared to Fibrate Use and Risk of
Incident Unprovoked VTE Stratified by Age and Sex in Patients with Hyperlipidemia Age 40-79 Years in
CPRD 1995-2018

Exposure at cohort Cases Person-Years IR per 1,000 PY Crude IRR Adjusted IRR
entry date N=1,353 | N=1,203,770.28 (95% CI) (95% CI) (95% CI)
All Patients
Fibrates 15 8,957.07 1.68 (1.08-2.97) 1.0 (reference) 1.0 (reference)
Statins 1,338 1,194,813.22 1.12 (1.06-1.18) 0.67 (0.40—1.11) | 0.77 (0.45-1.33)
Males

Fibrates 8 4,549.03 1.76 (0.88-3.52) 1.0 (reference) 1.0 (reference)
Statins 653 608,909.80 1.07 (0.99-1.16) 0.61 (0.30-1.22) | 0.61 (0.30-1.26)

(Continued)
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Table 2 (Continued).

Exposure at cohort Cases Person-Years IR per 1,000 PY Crude IRR Adjusted IRR

entry date N=1,353 | N=1,203,770.28 (95% CI) (95% CI) (95% ClI)
Females

Fibrates 7 4,408.04 1.59 (0.76-3.33) 1.0 (reference) 1.0 (reference)

Statins 685 5,85,903.41 1.17 (1.09-1.26) 0.74 (0.35-1.55) | 0.98 (0.44-2.20)

Age <60 years

Fibrates 6 5,182.41 I.16 (0.52-2.58) 1.0 (reference) 1.0 (reference)

Statins 415 557,765.72 0.74 (0.68-0.82) 0.64 (0.29-1.44) | 0.85 (0.36-1.98)

Age >60 years

Fibrates 9 3,774.65 2.38 (1.24-4.58) 1.0 (reference) 1.0 (reference)

Statins 923 637,047.49 1.45 (1.36-1.55) 0.61 (0.32-1.17) | 0.63 (0.31-1.26)

Notes: *Adjusted for age, sex, Charlson comorbidity index, propensity score, cohort entry year, BMI, cardiovascular disease, hypertension, diabetes,
myocardial infarction, chronic heart failure, COPD, autoimmune disease, liver disease, phlebitis, duration of Hyperlipidemia and total cholesterol.
Abbreviations: Cl, Confidence Interval; IR, Incidence rate; IRR, Incidence Rate Ratio; PY, Person-Years.

Table 3 Distribution of Covariates at Cohort Entry Date and Univariable Odds Ratios for
Incident Unprovoked VTE in Statin Users Compared to Fibrate Users Matched on
Propensity Score, in Patients with Hyperlipidemia Age 40-79 Years in CPRD 1995-2018

Characteristics at Cohort Statin Users | Fibrate Users OR (95% CI)
Entry Date (N=1,697) (N=1,697)

Age (years)

<50 399 (23.5) 376 (22.2) 1.0 (reference)
50-59 631 (37.2) 566 (33.4) 1.03 (0.86—1.24)
60-69 495 (29.2) 600 (35.4) 0.74 (0.60-0.90)
70+ 172 (10.1) 155 (9.1) 0.99 (0.75-1.30)
MeaniStd. Dev 57.41£9.20 58.19+9.03 0.99 (0.88-1.63)
Sex

Male 909 (53.6) 909 (53.6) 1.0 (reference)
Female 788 (46.4) 788 (46.4) NA

Cohort Entry Year

1995-1999 903 (53.2) 959 (56.5) 1.0 (reference)
2000-2004 473 (27.9) 408 (24.0) 237 (1.64-341)
2005-2009 217 (12.8) 205 (12.1) 2.10 (1.24-3.55)
2010-2018 104 (6.1) 125 (7.4) 0.73 (0.32-1.70)

Length of Record (years)

Mean1Std. Dev 9.85+5.06 9.69+£5.28 1.03 (0.99-1.05)
(Continued)
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Table 3 (Continued).

Characteristics at Cohort Statin Users | Fibrate Users OR (95% CI)
Entry Date (N=1,697) (N=1,697)

BMI

<25 kg/m? 326 (19.2) 289 (17.0) 1.0 (reference)
25-<30 kg/m? 608 (35.8) 628 (37.0) 0.86 (0.71-1.05)
>30 kg/m? 500 (29.5) 504 (29.7) 0.89 (0.73-1.08)
Unknown 263 (15.5) 276 (16.3) 0.85 (0.68-1.07)
MeantStd. Dev 28.73+5.03 28.84+5.02 1.00 (1.00-1.00)

Smoking Status

Non-Smoker 598 (35.2) 606 (35.7) 1.0 (reference)
Current smoker 217 (12.8) 232 (13.7) 0.95 (0.76-1.18)
Past-Smoker 878 (51.7) 856 (50.4) 1.04 (0.90-1.21)
Unknown 4(02) 3(02) .33 (0.30-5.99)

Comorbidities

Hypertension 690 (40.7) 747 (44) 0.87 (0.76-1.00)
Diabetes 402 (23.7) 431 (25.4) 0.91 (0.78-1.07)
Diabetes-uncomplicated 11 (0.6) 12 (0.7) 0.92 (0.40-2.08)
Diabetes end-organ damage 38 (2.2) 45 (2.7) 0.83 (0.53-1.31)
Cardiovascular disease 416 (24.5) 423 (24.9) 0.98 (0.83-1.15)
Myocardial infarction 177 (10.4) 165 (9.7) 1.09 (0.86—1.37)
Peripheral Vascular Disease 55 (3.2) 65 (3.8) 0.83 (0.57-1.21)
Chronic Heart Failure 59 (3.5) 49 (2.9) 1.22 (0.82-1.81)
Stroke or TIA 55 (3.2) 74 (4.4) 0.73 (0.51-1.05)
Phlebitis 20 (1.2) 24 (1.4) 0.83 (0.45-1.52)
Alcohol 94 (5.5) 78 (4.6) 1.21 (0.89-1.64)
Drug use 6 (0.4) 5(0.3) 1.20 (0.37-3.93)
COPD 40 (2.4) 39 (2.3) 1.03 (0.66—1.59)
Epilepsy 21 (1.2) 23 (1.4) 0.91 (0.50-1.67)
Autoimmune 130 (7.7) 137 (8.1) 0.94 (0.73—1.21)
Mild liver disease 11 (0.6) 10 (0.6) 1.10 (0.47-2.59)
Non-melanoma skin cancer 28 (1.6) 26 (1.5) 1.08 (0.63—1.84)
Ulcer 69 (4.1) 73 (43) 0.94 (0.67—-1.33)

(Continued)
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Table 3 (Continued).

Characteristics at Cohort

Statin Users

Fibrate Users

OR (95% CI)

Entry Date (N=1,697) (N=1,697)
Charlson comorbidity index score
CCI: 1-3 1,454 (92.3) 1,493 (88.0) 1.0 (reference)
CCl: 4 94 (6.0) 133 (7.8) 0.94 (0.70-1.25)
CClI: 5+ 28 (1.8) 71 42) 0.93 (0.55-1.56)
CCI score: MeantStd. Dev 2.10%1.12 2.18 (1.15) 0.94 (0.88-1.00)
Medications
Antidiabetic 307 (18.1) 334 (19.7) 0.90 (0.75-1.07)
Antihypertensive 633 (37.3) 696 (41.0) 0.85 (0.74-0.98)
Antipsychotic 296 (17.4) 296 (17.4) 1.00 (0.84-1.20)
HRT or OCP 18 (I.1) 11 (0.6) 1.70 (0.78-3.71)
(2.3)° (1.40) 1.70 (0.78-3.71)*
Total cholesterol (mmol/L)
Optimal <5.2 mmol/L 83 (4.9) 213 (12.6) 1.0 (reference)
Intermediate 5.2-6.2 mmol/L 333 (19.6) 323 (19.0) 2.79 (2.05-3.79)
High >6.2 mmol/L 1,281 (75.5) 1,161 (68.4) 3.22 (2.404.30)
MeaniStd. Dev 7.13+4.49 7.00+1.85 1.02 (0.98-1.05)
HPL duration (years)
<l 1,460 (86.0) 1,467 (86.5) 1.0 (reference)
I+ 237 (14.0) 230 (13.6) 0.96 (0.79-1.18)
Follow-up duration (years) 10.18+5.68 5.28+3.87 1.26 (1.23-1.28)

Notes: *Among females only. Categorical variables are presented as N (%), continuous variables are presented as mean+SD.
Abbreviations: OR, Odds Ratio; 95% Cl, 95% Confidence Interval; CCl, Charlson comorbidity index; HPL,
Hyperlipidemia; TIA, Transient Ischemic Attack; HRT, Hormone replacement therapy; NR, Not Applicable; OCP,
oral contraceptive pill; SD, Standard Deviation.

Table 4 Propensity Score-Matched Analyses: Incidence Rate Ratio of Incident Unprovoked VTE in Statin Users
Compared to Fibrate Users in Patients with Hyperlipidemia Age 40-79 Years in CPRD 1995-2018

Exposure at cohort | VTE cases Person-Years IR per 1,000 PY Crude IRR Adjusted* IRR
entry date N=37 N=26,225.66 (95% CI) (95% CI) (95% CI)

Fibrates 15 8,957.07 1.68 (1.08-2.97) 1.0 (reference) 1.0 (reference)
Statins 22 17,268.60 1.27 (0.84-1.94) 0.76 (0.39-1.47) | 0.74 (0.38-1.45)

Notes: *Adjusted for Age, Charlson comorbidity index, cohort entry year, cardiovascular disease, BMI and total cholesterol.
Abbreviations: Cl, Confidence Interval; IR, Incidence rate; IRR, Incidence Rate Ratio; PY, Person Years.

(0.77 (0.45-1.33)) and remained unchanged in the propensity score matched analysis (0.74 (0.38-1.45)). In the MSM
analysis the aRR was 0.51 (95% conservative CI: 0.34-0.76).
Our findings are consistent with other studies that have shown a protective effect between statin use and

VTE."32*3%31 Herrington et al,”' found a 50% risk reduction in statin users compared to non-users in the Heart and
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Estrogen/Progestin Replacement Study (HERS). The JUPITER trial showed that rosuvastatin was associated with a 43%
reduction in all VTE and 39% reduction in unprovoked (without a known malignant condition, trauma, hospitalization, or
surgery) VTE.>* After this randomized controlled trial (RCT), multiple subsequent studies also found protective effects
though they were not as strong. A meta-analysis conducted by Squizzato et al,>® which evaluated statins and fibrates (and
other lipid-lowering drugs) using data from three RCTs, three cohort studies and eight case-control studies, concluded
that statins reduced the risk of VTE (adjusted odds ratio (OR) 0.81, 95% CI 0.66-0.99), while fibrate use was associated
with an increase in VTE risk. Rahimi et al'® conducted a meta-analysis of published and unpublished evidence from 29
RCTs and concluded that statins likely only provide a moderate reduction in the risk of VTE events in contrast with the
previous suggestion of a large protective effect (pooled OR 0.89, 95% CI 0.78—1.01; p=0.08). In a systematic review and
network meta-analysis covering the period from 1966 to February 2017, the pooled risk ratio for VTE was 0.87 (95%
CI 0.77-0.98; p=0.022) when statin use was compared with placebo in 27 RCTs.

Previous studies suggest that most of the protective effect of statins on VTE is not related to cholesterol levels but is
possibly associated with their antithrombotic and antiplatelet properties including their effect on blood coagulation
parameters, thrombus burden, vein wall scarring, neutrophil migration, and reduced platelet aggregation.”>>® Further,
statins have been associated with reduction in numerous inflammatory biomarkers including CRP, IL-6, IL-8, MCP-1,
and PAI-1, suggesting that the effects of statins on VTE are mediated through an anti-inflammatory mechanism.'®** Our
study adjusted for baseline cholesterol levels and time-varying cholesterol levels; however, future studies should evaluate
other time-varying covariates.

Previous observational studies have been criticized for selection bias whereby statin users might be different, for
example, more health conscious than non-users, which could result in a spurious protective effect of statin use.'”** By
comparing statin use to fibrate use in this study, we minimized this bias since both cohorts have the same therapeutic
indication (underlying hyperlipidemia diagnosis). There may still be residual confounding by severity between statin and
fibrate users, however, one would expect that patients with more severe hyperlipidemia would have received statins, thus
underlying disease severity would not explain the results of this study.

Of all patients (N=8213) who had a history of myocardial infarction (MI) at baseline in the full cohort, 8048 (98%) received
a statin and 165 (2%) received a fibrate. However, the proportion of patients that had a MI before the cohort entry date was higher
among fibrate users than statin users. We could not find a plausible explanation for this. Since statins are prescribed for secondary
prevention of MI, we would expect a higher proportion of patients with a history of MI to receive a statin. We explored whether
this distribution differed by calendar time or patient age at cohort entry date, but the distributions were similar across both. We
evaluated the first documented statin or fibrate exposure at cohort entry; therefore, statin intolerance was not an issue in this study.
It is possible that other unmeasured confounders were present, such as patient reluctance and physician preference that influenced
their choice to forgo the standard of care (statin prescription) for a patient with a previous MI. This needs to be evaluated further.

Some limitations of this study should be mentioned. We did not evaluate statin dose in this study. In clinical practice,
statin dose may be modified over time, but unless there is statin intolerance, patients tend to continue using prescribed
statins regardless of cholesterol levels and therefore dose of statin may be a more appropriate time-varying covariable
rather than any statin use. We did assess the effect of duration of statin use. The protective effect remained consistent
across all durations of continuous use (data not shown).

It is possible that we missed some cases in this study; a cohort study assumes complete follow-up of all exposed and
unexposed patients and correct identification of all cases that develop. However, some cases may have been missed if the
GP did not receive complete documentation of the event. Further, misclassification of the outcome “unprovoked VTE”
may have occurred. Misclassification of PE is unlikely since a documented PE diagnosis is expected to be objective, but
outcome misclassification is still a possibility for DVTs. To address this concern, we required receipt of anticoagulation
as part of the case definition to validate the diagnosis of VTE.

There are many competing risks for unprovoked VTE, including death, but we expected this to be non-differential
with respect to exposure status. We analyzed a composite endpoint of VTE or death (data not shown) which led to
grossly similar findings, strengthening our conclusion that statin use prevents these negative outcomes in patients with
hyperlipidemia.
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We also evaluated time-varying confounding using MSM analyses, however, the results did not change the conclusion
of a protective effect of statin use on the occurrence of VTE.

We only included patients who had total cholesterol measures at the three specified time points, therefore selection
bias may have occurred if the association differed between all patients and patients who were followed up more
consistently, and the results may not be generalizable to all hyperlipidemia patients. Our analysis of patients who did
not have regular cholesterol labs yielded similar results (data not shown), thus this bias was not likely to have had
a material effect on the results.

Important confounders were identified using the expert input of physicians and documented evidence in the literature and
CPRD is a longitudinal primary care database with high accuracy of diagnoses and completeness of drug prescription data.
However, the potential for residual covariate misclassification or unmeasured confounding is still present. The relatively smaller
size of the non-exposed fibrate population and limited information on unmeasured covariates that may predict statin use were
limitations in our study; however, we believe these confounders would not completely explain our results given the consistent
finding of a protective effect of statins using different analytic methods and the comparable results in clinical trials as well as other
observational studies.

In conclusion, in this study of 40—79-year-old patients with hypercholesterolemia, we found evidence that statin use is
associated with lower risk of incident unprovoked VTE, potentially as a result of pleiotropic anti-inflammatory or
anticoagulatory effects.

This study contributes to a growing body of evidence supporting the use of statins in primary prevention of VTE.
Considering the reasonable safety profile, broad pleiotropic and cardioprotective effects of the drug class, further studies
of statin use are warranted to inform every day clinical practice.
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