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Abstract

Background: Raloxifene use in postmenopausal women with osteoporosis increases the risk of venous throm-
boembolic events (VTE) 2-fold compared with placebo. Platelet activation is involved in the pathophysiology of
arterial thromboses more than venous thromboses, but aspirin may reduce VTE risk associated with estrogen
use. This analysis examines the effects of concomitant antiplatelet therapy on VTE risk in raloxifene-treated
women.
Methods: In the Raloxifene Use for the Heart (RUTH) trial, 10,101 postmenopausal women from 177 sites in 26
countries at increased risk of coronary heart disease (CHD) (primary prevention cohort) or with CHD (secondary
prevention cohort) were randomized to placebo or raloxifene 60 mg=day and followed for a median 5.6 years.
Reports of clinical symptoms of VTE were assessed. Concomitant use of antiplatelet agents (aspirin, clopidogrel,
ticlopidine, dipyridamole) was allowed. Cox proportional hazard models, with use of warfarin, presence of
fracture, and hospitalization as covariates, were used to estimate hazard ratios (HR) with 95% confidence
intervals (CI).
Results: Overall, raloxifene use was associated with an increased VTE risk (HR 1.44, 95% CI 1.06-1.95) vs.
placebo. Most women (72%) reported using aspirin, and 14.2% reported using nonaspirin antiplatelet agents
during the study period. Users of antiplatelet agents were older, more likely to have CHD, and more likely to be
hyperlipidemic. They had a higher VTE risk than nonusers. No difference in VTE risk was observed in women
who used raloxifene alone vs. those who used raloxifene with antiplatelet agents during the study. The increase
in VTE risk with raloxifene compared with placebo was not different between women who used antiplatelet
agents at baseline (HR 1.44, 95% CI 0.98, 2.10) and those who did not use antiplatelet agents (HR 1.37, 95% CI
0.83, 2.27) (interaction p¼ 0.88). Similar conclusions were noted for aspirin and nonaspirin antiplatelet use.
Conclusions: In RUTH, postmenopausal women treated with raloxifene had an increased risk of VTE compared
with placebo. Concomitant use of aspirin or nonaspirin antiplatelet agents along with raloxifene did not change
VTE risk.

Introduction

Raloxifene is a selective estrogen receptor modulator
(SERM) that is indicated for osteoporosis prevention and

treatment in postmenopausal women and for the reduction in
risk of invasive breast cancer in postmenopausal women with
osteoporosis or at high risk for invasive breast cancer.1 As
with other SERMs and estrogen itself,2 the use of raloxifene
is associated with a significantly increased risk of venous

thromboembolism (VTE) compared with placebo.3–5 The
mechanism of action for this increased risk is not fully
understood but likely is multifactorial and includes ac-
quired resistance to activated protein C, such prothrombotic
effects as decreased protein S and antithrombin III levels,
and increased prothrombin fragments 1þ 2, fibrinopeptide
A, and factor VII.6 The increased hepatic synthesis of in-
flammatory markers may also be a VTE risk factor for oral
estrogens.7

1VA Ann Arbor Healthcare System=University of Michigan, Ann Arbor, Michigan.
2Eli Lilly and Company, Indianapolis, Indiana.
3University of Michigan, Ann Arbor, Michigan.
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In the Heart and Estrogen=progestin Replacement Study
(HERS), a randomized trial comparing conjugated equine
estrogen (CEE) plus medroxyprogesterone acetate (MPA) vs.
placebo for the prevention of coronary heart disease (CHD)
events in women with prior CHD, concomitant use of aspirin
with the study drug caused a 50% risk reduction in VTEs
compared with women taking the study drug who were not
using aspirin.3,8 Alternatively, other analyses from the Wo-
men’s Health Initiative (WHI) trial did not show any signifi-
cant effect of aspirin use on the increased risk of VTE with
CEE alone or when combined with MPA9 compared with
placebo. These observations led us to investigate whether the
increased risk of VTEs with raloxifene use over placebo dif-
fered between antiplatelet agent users and nonusers; that is,
did antiplatelet use lower the risk of VTE with raloxifene? The
Raloxifene Use for the Heart (RUTH) trial was designed to
determine if the use of raloxifene lowered cardiovascular
event rates or breast cancer occurrence in postmenopausal
women at increased risk for cardiovascular events. This
analysis sought to determine whether antiplatelet use by
women enrolled in RUTH lowered the risk of VTE associated
with raloxifene use in the trial.

Materials and Methods

RUTH was a prospective, randomized, double-blind, pla-
cebo-controlled trial that included 177 investigative sites in 26
countries and enrolled 10,101 postmenopausal women at in-
creased risk for a major coronary event (primary prevention
cohort) or with established CHD (secondary prevention co-
hort).10 Study subjects were followed for a median of 5.6
years. Briefly, eligible women were randomized to receive
either raloxifene 60 mg=day (n¼ 5044) or placebo (n¼ 5057).
Scheduled follow-up visits occurred every 6 months. The
main study findings have been described in detail elsewhere.5

VTE were collected as a secondary end point in RUTH. A
reported VTE required clinical symptoms supported by rele-
vant diagnostic studies. The occurrence of VTEs was adjudi-
cated by a committee using the following criteria: (1) a report
of a Doppler study showing venous obstruction or (2) a report
of a venogram showing venous obstruction. For a definitive
diagnosis of pulmonary embolism (PE), supporting docu-
ments included either (1) a report of a pulmonary angiogram
showing PE or (2) a report of a ventilation perfusion (V=Q)
scan showing high probability for (PE). For cases where
documentation was unavailable, a likely diagnosis of VTE
was based on clinical diagnosis without confirmed proce-
dures. Women diagnosed with a VTE were discontinued from
the study drug but encouraged to stay in the trial for contin-
ued follow-up off drug.

Patients were allowed to receive standard cardiovascular
medications during the study at the discretion of their pri-
mary physician. Information on use of other medications was
collected from patients at baseline and at each study visit,
which occurred every 6 months. Concomitant medications
were grouped into categories using the Anatomical Ther-
apeutic Chemical (ATC) codes. Data on the use of antiplatelet
medications, including aspirin or nonaspirin antiplatelet
agents (clopidogrel, ticlopidine, and dipyridamole), were
used for this analysis. Antiplatelet users included women
who reported any use of antiplatelet agents after baseline.
This encompasses both women who were taking antiplatelet
agents at baseline and continued during the study and new
users of antiplatelet agents who initiated use during the
study.

Statistical analysis

Baseline characteristics between treatment groups were
compared using two-group t test for continuous variables and
chi-square test for categorical variables. Antiplatelet agent use
in the analyses was restricted to use at baseline, any use
during study period, or use before a VTE occurrence. Anti-
platelet agents were categorized as aspirin and nonaspirin,
which includes clopidogrel, ticlopidine, and dipyridamole.

Main analyses evaluated the effect of any concomitant an-
tiplatelet agent use on VTE risk in women taking raloxifene
and placebo. Raloxifene effects on VTE risk were assessed
separately for women who used antiplatelet agents and for
women who did not use antiplatelet agents during the study
period. The effects of concomitant aspirin and nonaspirin use
on VTE risk were also assessed. VTE risks were evaluated for
those who used antiplatelet agents before study enrollment
(at baseline) and at any time during the study period. Ana-
lyses were also performed in subgroups of women at risk of
CHD (primary prevention cohort) and those with established
CHD (secondary prevention cohort) at study entry. Cox
proportional hazard models were used, with time from ran-
domization to first VTE as an outcome and use of warfarin,
presence of fracture, and hospitalizations, either during the
study period or before first VTE occurrence, as covariates.
Hazard ratios (HR) and 95% confidence intervals (CI) were
estimated from the models. Unadjusted Cox proportional
hazard models are used for baseline-related analyses. All
statistical analyses were performed with SAS software ver-
sion 8.2 (SAS Institute).

Results

Baseline characteristics of the RUTH study population have
been published in detail previously.10 Briefly, the mean age

Table 1. Use of Antiplatelet Agents in Raloxifene Use for the Heart Trial

Baseline During study

Placebo n (%) Raloxifene n (%) Placebo n (%) Raloxifene n (%)

AP use 2967 (58.7) 2960 (58.7) 3709 (73.3) 3759 (74.5)
Aspirin use 2865 (56.7) 2846 (56.4) 3545 (70.1) 3606 (71.5)
Nonaspirin AP use 142 (2.8) 156 (3.1) 733 (14.5) 704 (14.0)

AP, antiplatelet agent.
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for the women entering the study was 67.5 years, with 39%
being�70 years of age. Approximately 50% of the women had
prior CHD events, 78% had hypertension, and 46% had dia-
betes.10 There were no statistically significant differences be-
tween the raloxifene and placebo groups with respect to
cardiovascular risk factors and VTE risk factors. In 1998 when
the trial began, slightly more than half (59%) of the study
participants were taking antiplatelet agents at baseline, with
the vast majority of that antiplatelet agent use occurring in the
form of aspirin (Table 1). During the course of the study, more
women began using antiplatelet agents, so that by study end,
almost 74% of the women were using an antiplatelet agent
(Table 1). Women using antiplatelet agents in the study were
significantly older, more likely to have a history of CHD and
prior myocardial infarction (MI), less likely to have diabetes
or hypertension, and more likely to have hyperlipidemia
compared with women not using antiplatelet agents (Table 2).
There were no differences between the placebo and raloxifene
groups in the proportions of women who used or did not use
antiplatelet agents.

For the study population as a whole, there was a significant
increase in the risk of VTE in the women randomized to ra-
loxifene (103 VTE events in 5044 patients, 2.0%) compared
with those assigned to placebo (71 VTE events in 5057 pa-
tients, 1.4%) (HR 1.44, 95% CI 1.06-1.95), as shown in the
RUTH results published earlier.5 Table 3 gives the number of
VTEs by subject group. Antiplatelet agent nonusers had a
lower VTE risk, reflecting their differing risk profiles. The
cumulative incidence curves of VTE per 1000 woman-years
were similar for antiplatelet agent users and nonusers in both
treatment groups (Fig. 1). Raloxifene increased VTE risk
compared with placebo, and the increased risks were not
different between women who used antiplatelet agents dur-
ing the study period and those who did not (HR 1.40 vs. 1.54,
interaction p¼ 0.82) (Fig. 2). The vast majority of antiplatelet
agent use consisted of aspirin (Table 1). Hence, when anti-
platelet agents were separated (Fig. 3) into aspirin and non-
aspirin agents (clopidogrel, ticlopidine, and dipyridamole),
the use of aspirin (Fig. 3A) was associated with similar results
compared with antiplatelet agents as a whole (Fig. 2). There
was no significant difference in the increased risk of VTE with
raloxifene between aspirin use and no aspirin use (interaction
p¼ 0.85). The raloxifene-associated increase in VTE risk was
not changed with the use of nonaspirin antiplatelet agents
(Fig. 3B) (interaction p¼ 0.79). The majority of VTEs were

deep venous thromboses (DVT); Table 4 provides a break-
down of VTEs by subtype.

The effect of raloxifene use on VTE risk, compared with
placebo, was not different in women who used antiplatelet
agents at baseline (HR 1.44, 95% CI 0.98-2.10) and those who
did not use antiplatelet agents at baseline (HR 1.37, 95% CI
0.83-2.27 (interaction p¼ 0.88). The increase in VTE risk with
raloxifene compared with placebo was also not different be-
tween women who used antiplatelet agents after baseline (HR
1.74, 95% CI 1.10-2.73) and those who did not use antiplatelet
agents (HR 1.24, 95% CI 0.82-1.86) (interaction p¼ 0.29). In
women at risk of CHD (primary prevention cohort), no de-
crease in raloxifene-associated VTE risk with antiplatelet use
was observed (Fig. 4A). However, in women with established
CHD (secondary prevention cohort), the increase in VTE risk
among antiplatelet agent users (HR 1.11, 95% CI 0.72-1.70)
appeared to be lower when compared with nonusers of an-
tiplatelet agents (HR 2.09, 95% CI 0.41-10.78), although the
difference was not statistically significant (interaction
p¼ 0.48, (Fig. 4B). The reason for an apparently lower VTE
risk among antiplatelet agent users in the secondary preven-
tion cohort was that there was a higher VTE risk among study
participants randomized to the placebo arm who used anti-
platelet agents.

Discussion

The purpose of this post hoc analysis of the RUTH study
population was to determine if concomitant use of antiplatelet
agents by women in the trial could attenuate the heightened
risk of VTEs known to exist with the use of the SERM ralox-
ifene. For this analysis, we captured use of antiplatelet agents
at baseline and new use at any point during the study. Many

Table 2. Baseline Characteristics in Women Who Used or Did Not Use Antiplatelet Agents

in Raloxifene Use for the Heart Trial

Characteristic AP user (n¼ 7468)a Not � AP user (n¼ 2625)

Age (years, mean� SE) 67.7� 6.6 66.9� 6.7
BMI (kg=m2, mean� SE) 28.6� 5.1 29.2� 5.4
Diabetes mellitus (%) 40.9 59.5
Hypertension (%) 76.0 83.1
Hyperlipidemia (%) 75.4 67.7
History of CHD (%) 60.8 18.9
Prior myocardial infarction (%) 35.2 12.3
Lower extremity arterial disease (%) 11.5 8.5

aAll comparisons between AP users and AP nonusers were significant ( p< 0.01).
BMI, body mass index; CHD, coronary heart disease; SE, standard error.

Table 3. Venous Thromboembolic Events

by Subject Subgroup

AP user
n¼ 7468

Not AP
user n¼ 2625

Raloxifene group n¼ 5038 78 (1.5%) 25 (0.5%)
Placebo group n¼ 5055 55 (1.1%) 16 (0.3%)

Percentages are given as percent of treatment group, that is,
raloxifene group or placebo group.
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FIG. 1. Kaplan-Meier graphs showing the cumulative incidence of venous thromboembolism (VTE) events in postmeno-
pausal women in the Raloxifene Use for the Heart (RUTH) study. (A) Overall incidence of VTE in the placebo (n¼ 5057) and
raloxifene (n¼ 5044) treatment groups. The risk of VTE was significantly greater in the raloxifene group compared with the
placebo group (HR 1.44, 95% CI 1.06-1.95). (B) The incidence of VTE in women who used antiplatelet agents was similar to
that seen in women with no antiplatelet agent use in both the placebo and raloxifene treatment groups. HR, hazard ratio; CI,
confidence interval.
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women initiated antiplatelet agent use during the course of
the study, presumably for prophylactic use because of car-
diovascular disease risk or occurrence. Although we cannot
know for sure, it is reasonable to expect that most women,
once antiplatelet agent use was recommended to them and
initiated, would continue to take the agents on an ongoing
basis. VTEs, including PEs, are uncommon but serious and
potentially fatal events in the general population, occurring
with an incidence of approximately 1 adult per 1000 person-
years.11 The use of oral estrogen as well as SERMs has been
shown to increase the risk of VTE.3,12,13 Oral estrogen is
thought to induce first-pass effects, causing alterations in co-
agulation factor production or metabolism and leading to
possible prothrombotic effects.14 The SERMs are thought to
increase VTE risk by similar mechanisms,6 although the pre-
cise changes in hemostatic balance responsible for increased
VTEs are not fully understood. VTEs are associated with re-
producible conditions, such as recent surgery or prolonged
immobilization, and with increased blood coagulability re-
sulting from either acquired conditions (e.g., cancer) or in-
herited genetic variants.15 People known to have these risk
factors should not receive oral estrogen or SERM therapy
because of the heightened risk of subsequent venous events.

Strategies aimed at preventing VTEs include such me-
chanical interventions as compression stockings and inter-
mittent pneumatic compression, early mobilization after
surgery, and prophylactic antithrombotic agents, such as in-
travenous or subcutaneous unfractionated heparin, subcuta-
neous low molecular weight heparin, and oral warfarin.
Antiplatelet agent therapy with aspirin or an adenosine di-
phosphate inhibitor has not been a recommended strategy for

VTE prevention because venous thrombi consist primarily of
red cells and fibrin, not platelets.16 Pathophysiological rela-
tionships exist between arterial and venous thrombi, how-
ever, and platelet activation does play a role in the generation
and propagation of thrombin even in venous thromboses.16

Recent large studies have shown an interrelationship between
atherosclerotic heart disease, MI, and VTE risk.17,18 Several
antiplatelet agent trials have shown a modest decrease in VTE
risk associated with aspirin therapy, on the order of 30%, al-
though the risk reduction was substantially less than that
associated with antithrombotic therapy.19,20 Furthermore,

FIG. 2. The risks of VTE were increased with raloxifene
compared with placebo in postmenopausal women who
used antiplatelet agents during the RUTH study and in those
who did not use antiplatelet agents. A total of 174 VTEs were
observed in the study, as shown by the numbers within the
bars. The numbers below the bars indicate the total numbers
of women in each subgroup. The increased risks were similar
between the antiplatelet agent use subgroups. p values in-
dicate the treatment by antiplatelet agent use interaction.
VTE, venous thromboembolism events.

FIG. 3. The risks of VTE were increased with raloxifene
compared with placebo in postmenopausal women who did
or did not use (A) aspirin or (B) nonaspirin antiplatelet
agents during the RUTH study. The increased risks were
similar between the subgroups who did or did not use as-
pirin (A) and between the subgroups who did or did not use
nonaspirin antiplatelet agents (B). Numbers within the bars
indicate the numbers of VTEs, and numbers below the bars
indicate the total numbers of women in each subgroup. The
increased risks were not statistically significant. p values
indicate the treatment by antiplatelet agent use interaction.
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analysis of the Heart and Estrogen=progestin Replacement
Study Follow-up (HERS II) adverse events showed that
baseline aspirin use in that study was (weakly) associated
with an attenuated risk of VTE.21 In the WHI, however, a
large, primary prevention trial of oral estrogen and MPA in
healthy postmenopausal women, no VTE risk reduction was
found for women in the study using antiplatelet agents.22

The results from these current analyses failed to show any
diminution of raloxifene-related VTE risk with concomitant
use of antiplatelet agents for the women enrolled in the RUTH
trial. Neither aspirin nor nonaspirin antiplatelet agents re-
duced VTE risk. The women studied in RUTH were, on av-
erage, 10 years postmenopause and were either at high risk
for developing CHD or already had established CHD. Users
of antiplatelet agents differed from nonusers; they were far
more likely to have prior CHD and MIs, had a higher VTE
risk, and were less likely to have diabetes and hypertension.
As the study did not control for use of other medications, such
as statins, which have been shown recently to be associated
with decreased VTE risk, it is impossible to ascertain whether
antiplatelet use per se had any effect on VTE risk.23 This should
be analyzed in future studies.

Study limitations

This was a post hoc exploratory analysis of a large, ran-
domized trial conducted to examine an auxiliary end point.
The primary end point, VTE risk, could have been over-
estimated, as VTEs could be self-reported in the trial without
medical documentation. The majority of subjects (*74%) took
an antiplatelet agent during the study, but the duration of use
was not assessed. Antiplatelet agent use was not randomized
in the trial; however, use did not differ between the treatment
groups, and potential confounders were balanced between
treatment groups within subgroups of women who used or
did not use antiplatelet agents. It must be noted that infor-
mation on concomitant medication use collected as typically
done in a clinical trial should be considered to be potentially
unreliable, especially regarding start and stop dates.

Conclusions

In the RUTH study overall, the use of antiplatelet agents
was not associated with a reduced incidence of VTE in either
the placebo or raloxifene group. The increased risk of VTE
with raloxifene compared with placebo was not influenced by
the use of antiplatelet agents (aspirin or nonaspirin). Further
studies of potential protective effects of antiplatelet agents
against VTE are warranted in the secondary prevention sub-
group of women.

Table 4. Venous Thromboembolic Events by Type

(Individuals May Have Deep Venous Thrombosis and Pulmonary Embolism)

RaloxifeneþAP
n¼ 3759

Raloxifene, no
AP n¼ 1279

PlaceboþAP
n¼ 3709

Placebo, no
AP n¼ 1346

DVT 47 18 39 8
PE 28 8 16 8
Intracranial thrombosis 6 2 3 3
Other 2 0 0 1

DVT, deep venous thrombosis; PE, pulmonary embolism.

FIG. 4. The risks of VTE were increased with raloxifene
compared with placebo in subgroups of women who used
and did not use antiplatelet agents during the RUTH study
for cohorts of postmenopausal women (A) at increased risk of
coronary heart disease (primary prevention) and (B) with
established CHD (secondary prevention). The increased risks
with raloxifene treatment were similar in the primary (A) and
secondary (B) prevention cohorts between the subgroups who
did or did not use antiplatelet agents. Numbers within the
bars indicate the numbers of VTEs, and numbers below the
bars indicate the total numbers of women in each subgroup.
The increased risks were not statistically significant. p values
indicate the treatment by antiplatelet agent use interaction.
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