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Aims To examine the association between rosuvastatin and VTE risk, and whether effects vary in different subpopulations
stratified by key demographic, cardiovascular disease (CVD) risk factors, and other risk factors associated
with VTE.

....................................................................................................................................................................................................
Methods
and results

An individual participant data meta-analysis was conducted across two randomized controlled trials in 30 507
participants over a mean follow-up of 3.62 years, individuals had no prior history of vascular disease but were at
intermediate CV risk. In both trials, participants were randomized to receive rosuvastatin or matching placebo. The
primary outcome was VTE during follow-up, defined as either deep vein thrombosis or pulmonary embolism.
Associations between rosuvastatin and VTE were examined in the overall pooled cohort, and subpopulations
stratified by demographic risk factors (i.e. age and sex), CVD risk factors (i.e. obesity, smoking, lipid levels, blood
pressure levels, and C-reactive protein level), and a history of cancer. Mean age was 65.96 (SD 7.19) years of age,
and 17 832 (58.45%) were male and 5434 (17.82%) were smokers, median BMI was 27.6 [interquartile range (IQR)
24.7–31.1] kg/m2, and median CRP level was 3.4 (IQR 2.1–6.0) mg/L. There were 139 VTE events. In the pooled
cohort, rosuvastatin was associated with a large proportional reduction in the risk of VTE (hazard ratio 0.53,
95% CI 0.37–0.75). No significant interactions were observed between treatment with rosuvastatin and the risk
of VTE across subpopulations stratified by demographic, CVD risk factors, or a history of cancer (P-values for
interactions >0.05 for all subgroups).

....................................................................................................................................................................................................
Conclusion Rosuvastatin is associated with a 47% proportional reduction in the risk of VTE, and its effect is consistent both in

the presence or absence of VTE-related clinical risk factors.
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1. Introduction

Venous thromboembolism (VTE) is a common cause of morbidity and
mortality. In addition to traditional factors known to provoke VTE (e.g.
cancer), several common cardiovascular disease (CVD) risk factors have
now been shown to share associations with both arterial atherosclerosis
and VTE, including age, sex, smoking, obesity, and inflammation.1–4

While statins are widely used for the prevention of CVD, it was only in
2009 that the Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin (JUPITER) reported that these
agents have similar efficacy in preventing VTE. Meta-analyses of several
additional clinical trials suggested an overall 15% RRR in VTE with statin
therapy (with effect shown to vary by statin type); and of observational
data suggested that effects were larger in populations at higher VTE
risk (although this could only be crudely measured in the context of
aggregate data meta-analysis).5 Some of the proposed mechanisms by
which statins prevent VTE (e.g. direct anti-inflammatory effects, direct
anti-thrombotic effects, and secondary effects from lipid reduction)
could also result in varying degrees of efficacy based on underlying risk
factors. Therefore, while prior studies have demonstrated a reduction in
VTE risk with statins, it remains unclear as to whether these effects differ
in subpopulations based on the presence or absence of specific VTE
clinical risk factors. Understanding this requires analysing effects across a
broad range of clinical risk factor profiles associated with VTE, while
also controlling for statin type. Results could provide greater insight on
how statins can be most effectively used to prevent VTE.

Among studies that have examined the effect of statins on VTE, the
JUPITER and Heart Outcomes Prevention Evaluation (HOPE)-3

randomized trials are unique in that they are both large, double-blind,
placebo controlled, primary CVD prevention trials that investigated the
same statin (rosuvastatin), and documented incident VTE events in a
prospective manner during follow-up. Together these cohorts have suffi-
cient variations in common VTE-related risk factors [e.g. degree of sys-
temic inflammation, age, sex, and body mass index (BMI)] to study
whether certain at-risk groups derive a larger benefit for preventing VTE
with rosuvastatin. In this pooled cohort, we undertook an individual
participant data meta-analysis to examine the effect of rosuvastatin on
VTE risk in individuals at risk of developing CVD, and across key
subgroups according to demographic risk factors, CVD risk factors,
and other risk factors for VTE.

2. Methods

2.1. Trial designs
We conducted an individual participant data meta-analysis of the
JUPITER and HOPE-3 studies. The designs of both studies have been
previously described.6,7 JUPITER enrolled men >_50 and women
>_60 years; without clinical vascular disease but at increased CVD risk
based on a high sensitivity C-reactive protein (CRP) level >_2.0 mg/L; a
low-density lipoprotein (LDL) level <3.4 mmol/L; and a triglyceride level
<5.6 mmol/L. Participants were randomized to receive rosuvastatin
20 mg daily or matching placebo. HOPE-3 enrolled men >_55 years and
women >_65 years without clinical vascular disease but at intermediate
CV risk based on the presence of at least 1 of the following risk factors
(women 60–65 years of age with at least 2 risk factors could be
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enrolled): elevated waist-to-hip ratio, low high-density lipoprotein
(HDL) cholesterol, tobacco use, dysglycaemia, family history of pre-
mature coronary disease, or mild renal dysfunction. Participants were
randomized in a 2� 2 factorial design to receive (i) rosuvastatin 10 mg
daily or matching placebo, and (ii) candesartan/hydrochlorothiazide
16/12.5 mg or matching placebo. JUPITER excluded participants with
active cancer within the prior 5 years (with the exception of basal or
squamous cell carcinoma of the skin), but participants with a diagnosis
of cancer that occurred beyond 5 years prior to screening could still
be enrolled. HOPE-3 excluded participants with other serious medical
illness likely to interfere with study participation or completion includ-
ing a history of cancer that may affect prognosis other than basal or
squamous cell carcinoma of the skin. All participants provided written
consent to participate in the study. The study was approved by local
ethics research boards and conformed to the principles outlined in
the Declaration of Helsinki.

2.2 Study VTE endpoints
In both trials, incident VTE were predefined ancillary endpoints, defined
as the development of deep vein thrombosis or pulmonary embolism
during follow-up. First, follow-up visits were performed at 13 weeks in
JUPITER and at 6 weeks in HOPE-3; and thereafter at 6 months intervals.
Through standardized case report forms for each trial, investigators
were prompted to identify incident VTE events at each follow-up visit.
Upon identification of a VTE event, site investigators completed a corre-
sponding VTE case report form, which also documented the method of
diagnostic confirmation.

2.3 Statistical analysis
Baseline characteristics were summarized for each study, and for the
pooled study population. Our primary method of analyses utilized a
one-step approach as outlined by Riley et al.,8 where individual
participant-level data from both studies were pooled, and analysed
using a Cox frailty model, with clustering by trial included as a ran-
dom effect. To examine for consistency, we also performed a sensi-
tivity analysis for overall VTE risk with statin therapy using a two-step
approach, where trial-specific data were pooled using a random ef-
fect model. We then examined for variation in the effect of rosuvas-
tatin across subgroups stratified by the following baseline data:
(i) demographic characteristics (consisting of age, sex, and ethnicity),
(ii) CVD risk factors (consisting of blood pressure, obesity, high sen-
sitivity CRP level, LDL level, and HDL level), and (iii) a history of can-
cer. Based on the exclusion criteria for both trials, our definition of a
history of cancer was related to diagnoses that occurred beyond the
exclusion criteria of the trials, with the exception of basal or squa-
mous cell carcinoma of the skin. We also examined the effect of sta-
tins based on baseline anti-platelet use. All analyses in subgroups
were performed using Cox frailty models, accounting for clustering
within each trial as a random effect. Results are presented as hazard
ratios (HRs) with 95% confidence intervals (95% CI). For each de-
fined subgroup, interactions were formally tested between strata by
the Wald test. A P-value of <0.05 was considered to be statistically
significant. For the overall cohort, we calculated the 5-year NNT to
prevent one VTE using the method outlined by Bender et al.9

Analyses were performed using SAS and R.

3. Results

3.1 Participant characteristics
Baseline characteristics for the pooled study population, and for each
trial population are summarized in Table 1. Mean age of the pooled study
population was 65.96 (SD 7.19) years of age, and 17 832 (58.45%) were
male. 15 022 (49.25%) of the study population had a self-reported his-
tory of hypertension. Median BMI was 27.6 [interquartile range (IQR)
24.7–31.1] kg/m2, HDL was 46.4 (IQR 38.6–56.8) mg/dL, LDL was 113.0
(IQR 97.0–126.0) mg/dL, and CRP was 3.4 (IQR 2.1–6.0) mg/L. HOPE-3
and JUPITER study populations differed in several characteristics. The
JUPITER population was comprised of a higher proportion of males.
Median BMI, median CRP, and percentage with hypertension were
higher in JUPITER. The HOPE-3 study population had a higher percent-
age of Asian and Hispanic/Latin American participants, and higher mean
LDL cholesterol. In 102 (73.4%) participants, VTE was documented to
have supportive diagnostic testing (which included compression or
Doppler ultrasound, angiography, computed tomography, ventilation
perfusion scan, magnetic resonance imaging, or echocardiography) or by
autopsy.

3.2 VTE occurrence
The mean follow-up period for the pooled study population was
3.62 years; 1.92 years in JUPITER and 5.60 years in HOPE-3. VTE event
rates in the pooled study population, and for each individual study
are summarized in Table 2. During follow-up, 139 (0.46%) VTE events
occurred in the pooled study population, corresponding to an event rate
of 0.128 per 100 person years. The number of VTE events and
corresponding event rate were larger in JUPITER (94 events,
0.252 events per 100 person years) compared with HOPE-3 (45 events,
0.063 events per 100 person years).

In pooled analysis of individual participant data, the risk of VTE
was lower with rosuvastatin compared with placebo (HR 0.53, 95% CI
0.37–0.75) (Figure 1A and B). Results were consistent when aggregate
trial level data were pooled using a random effect model [HR 0.53,
95% CI 0.53 (0.37–0.75)]. This corresponded to a 5-year NNT of
276 individuals to avoid a VTE event. Results were consistent when
the analysis was restricted to participants with a VTE with documented
supportive diagnostic imaging or autopsy data (HR 0.54, 95% CI
0.36–0.82).

3.3 Subgroup analyses by demographic and
cardiovascular risk factors
Comparing the rates of VTE in placebo group participants, VTE was
more common in higher age groups, males, Caucasians, obese partici-
pants, at higher CRP levels, and in those with a prior history of cancer
(Figure 2). VTE rates were also higher in individuals using anti-platelet
agents, but this is likely confounded by underlying indications for their
use. No significant interactions were observed for the HR for VTE with
rosuvastatin compared with placebo across subgroups.

4. Discussion

In this individual participant data meta-analysis, rosuvastatin reduced
the risk of VTE by 47% across a pooled primary CVD prevention
population with a broad clinical risk factor profile for VTE. Effects were
consistent across the range of VTE-related risk factors studied.

Rosuvastatin and prevention of venous thromboembolism 899
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Table 1 Baseline characteristics of the pooled, HOPE-3, and JUPITER study populations

Baseline characteristics Overall HOPE 3 JUPITER

Number of subjects randomized 30 507 (100.0) 12 705 (100.0) 17 802 (100.0)

Age in years, mean (SD) 65.96 (7.19) 65.72 (6.38) 66.13 (7.72)

Male, n (%) 17 832 (58.45) 6831 (53.77) 11 001 (61.80)

Ethnicity, n (%)

Asian 6524 (21.39) 6241 (49.12) 283 (1.59)

Caucasian 15 229 (49.92) 2546 (20.04) 12 683 (71.25)

Black 2449 (8.03) 225 (1.77) 2224 (12.49)

Hispanic or Latin American 5757 (18.87) 3496 (27.52) 2261 (12.70)

Other 546 (1.79) 197 (1.55) 349 (1.96)

BMI, kg/m2, median(IQR) 27.6 (24.7–31.1) 26.7 (24.1–29.7) 28.4 (25.3–32.0)

Baseline systolic blood pressure, mmHg, median(IQR) 136.0 (126.0–146.5) 137.5 (128.5–147.5) 134.0 (124.0–145.0)

Baseline diastolic blood pressure, mmHg, median(IQR) 80.0 (75.0–88.0) 82.0 (75.5–88.0) 80.0 (75.0–87.0)

HDL, mg/dL, median(IQR) 46.4 (38.6–56.8) 43.6 (36.2–52.1) 49.0 (40.0–60.0)

LDL, mg/dL, median(IQR) 113.0 (97.0–126.0) 127.0 (103.9–151.0) 108.0 (94.0–119.0)

High sensitivity C-Reactive protein, mg/L, median(IQR) 3.4 (2.1–6.0) 2.0 (1.0–4.0) 4.3 (2.8–7.1)

Hypertension, n (%) 15 022 (49.25) 4814 (37.89) 10 208 (57.37)

Current smoking, n (%) 5434 (17.82) 2614 (20.58) 2820 (15.85)

Anti-platelet therapy, n (%) 4472 (14.66) 1393 (10.96) 3079 (17.30)

History of cancer, n (%) 1065 (3.49) 153 (1.20) 912 (5.12)

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

................................................................... ................................................................. .................................................................

..............................................................................................................................................................................................................................

Table 2 Rates of VTE in the pooled study population and in individual studies

Overall Statin Placebo

Study Number of

subjects

N (%) Event rate per

100 person years

Number of

subjects

N (%) Event rate per

100 person years

Number of

subjects

N (%) Event rate per

100 person years

HOPE 3 12 705 45 (0.35) 0.063 6361 14 (0.22) 0.039 6344 31 (0.49) 0.088

JUPITER 17 802 94 (0.53) 0.252 8901 34 (0.38) 0.182 8901 60 (0.67) 0.321

Overall 30 507 139 (0.46) 0.128 15 262 48 (0.31) 0.088 15 245 91 (0.60) 0.169

Figure 1 (A and B) Risk of VTE associated with rosuvastatin in pooled analysis. (A) Forest plot and (B) Kaplan–Meyer survival curves for VTE are presented
for the comparison of rosuvastatin vs. placebo across both randomized controlled trials. The HOPE-3 follow-up period was longer than in JUPITER, and
Kaplan–Meyer curves were truncated to 5 years since beyond this time, effects would almost exclusively be related to the HOPE-3 study population.
Analysis (N=30 507 participants) was performed using Cox frailty model. 95% CI, 95% confidence interval; HR, hazard ratio.

900 P. Joseph et al.
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Some mechanisms proposed to explain how statins prevent VTE

(i.e. downstream inactivation of inflammatory and coagulation systems
by reducing oxidized LDL, decreased expression of plasminogen activa-
tor inhibitor-1) suggest that they may only be effective in the presence of
certain risk factor profiles.10–14 Furthermore, large differences in the
benefit of statin therapy for reducing VTE risk have been previously
reported across different clinical trials, but it was unclear as to whether
this was related to differences in population characteristics between

trials.5 In this regard, combined individual participant data meta-analysis
of the JUPITER and HOPE-3 trials had several advantages. Different base-
line characteristics of the trial populations allowed us to examine the
effects of statins on VTE risk across a range of risk factor profiles to bet-
ter understand whether certain population characteristics impacted the
effect of rosuvastatin on reducing VTE. Interestingly, we observed that
the relative effect for reducing VTE risk with rosuvastatin was fairly con-
sistent across risk factor subgroups that were studied. Therefore, while

Figure 2 Effect of rosuvastatin on VTE risk by subgroups. *The higher proportion of participants receiving anti-platelet therapy having VTE events may be
due to confounding conditions for which anti-platelet therapy was indicated. Analysis (N=30 507 participants) was performed using Cox frailty model. BP,
blood pressure; CRP, C-reactive protein; 95% CI, 95% confidence interval; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein.

Rosuvastatin and prevention of venous thromboembolism 901
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the risk of VTE is higher in certain groups, the benefit of rosuvastatin
remains largely consistent even in the absence of these provoking fac-
tors. The lack of difference in benefit according to specific risk groups
suggests that the mechanism by which statins prevent VTE is not likely to
be mediated through a single pathway that is correlated with a specific
risk factor (e.g. inflammation). Alternatively, their benefit may occur
through a combination of pathways, or through an independent mecha-
nism. Also, by demonstrating similar treatment effects in both trials and
across key risk factor profiles, we believe that the large reduction in VTE
risk initially observed with rosuvastatin in JUPITER was not likely due to
trial-related factors (i.e. characteristics of the population, statin dose
used, or its early termination), but rather due to the pharmacological
agent itself.

Despite the large relative reduction in VTE risk observed with rosu-
vastatin, since the incidence of VTE was low, the absolute reduction in
risk was small. General use of a statin would require treatment of 276
individuals over a 5-year period to prevent a VTE event in our overall
study population. In some populations’ groups at higher risk of develop-
ing VTE (e.g. older age groups, obese participants, history of cancer), uti-
lizing statins specifically for VTE prevention may be more favourable
from the absolute risk reduction perspective, but due to the small num-
ber of VTE events within subgroups, this could not be reliably quantified
in our study. Future collaborative individual participant data meta-
analyses that include a larger number of statin clinical trials and examine
VTE outcomes may be valuable to confirm the effects observed in our
study, in addition to quantifying absolute risk reductions in key sub-
groups. Finally, it is important to consider that irrespective of the pres-
ence of specific CVD risk factors, participants in both JUPITER and
HOPE-3 benefitted from large reductions in overall CVD events with
statin therapy. The effect of statins on VTE prevention is an added bene-
fit to the prevention of arterial vascular events, and so reducing the risk
for VTE per se should not be the criterion to define who should receive a
statin.15

Some limitations of the current analysis also warrant consideration.
We were not able to compare different statins, and therefore observed
effect sizes may not be generalizable to other statins. In the future, larger
individual participant data meta-analyses across additional clinical trials
could provide greater insights into the comparative impact of different
statins, and further validate the findings of trial level meta-analyses.5,16

While VTE was not the primary outcome event for either trial, both tri-
als collected clinical VTE events in a systematic and prospective manner.
Participants were not routinely screened for VTE events in follow-up
(e.g. by routine ultrasound examinations), which occurs in some dedi-
cated VTE trials that are of a short duration (e.g. post-operative studies).
Our approach was focused on the identification of clinical VTE events,
and the majority of events identified in both trials were confirmed with
appropriate diagnostic testing. Moreover, given the double-blind ran-
domized study designs of JUPITER and HOPE-3, it is highly unlikely that
the lack of VTE screening would introduce bias in our estimates. Further,
routine screening would be impractical and not consistent with clinical
practice standards for the general population. Formal event adjudication
for VTE did not occur for either study. However, in both studies docu-
menting the diagnostic method used for VTE diagnosis was requested
for all events to minimize false positive events. Finally, although we did
not observe a difference in treatment effect with rosuvastatin in those
with or without a history of cancer, few participants had cancer and the
number of VTE events were low in this group. Future studies focusing
specifically on cancer patients may provide further insight into the poten-
tial value of statins for preventing VTE specific to this population.

In conclusion, rosuvastatin is associated with a 47% reduction in the
risk of VTE, and is effective both in the presence or absence of VTE-
related clinical risk factors. The benefit of rosuvastatin is overall consis-
tent with previous reports in CV prevention trials using statins, and adds
to its benefits above the prevention of arterial vascular events.
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Translational perspective
In this individual participant data meta-analysis of two large randomized controlled trials comparing rosuvastatin to placebo, rosuvastatin was associ-
ated with a 47% proportional reduction in the risk of VTE. The effect of rosuvastatin was consistent across a broad range of demographic factors,
cardiovascular risk factors, and a history of cancer. This study demonstrates that rosuvastatin is broadly affective at reducing the risk of VTE both in
the presence or absence of VTE-associated clinical risk factors. Results inform future research on the use of statins for this indication.
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