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VENOUS THROMBOSIS (VT), IN-
cluding deep vein thrombo-
sis (DVT) and pulmonary em-
bolus (PE), is a common

disorder with an incidence of about 1 to
2 per 1000 person-years among adults.1

The risk of VT is higher with older age,
in men compared with women, in blacks
compared with whites, and in obese in-
dividuals, but VT is generally not asso-
ciated with other classic atherogenic risk
factors.2-4 Postmenopausal hormone
therapy, such as estrogen with or with-
out progestin, and selective estrogen-
receptor modulators (tamoxifen and ral-
oxifene) are associated with a 2- to 3-fold
increased risk of VT.5-7

The association of postmenopausal
hormone therapy with thrombosis risk
has been confirmed in case-control
studies, cohort studies, and clinical
trials.8-15 To prevent VT among women
considering hormone therapy use, it is
important to define the most suscep-
tible subgroups and whether any fac-
tors might attenuate the risk. In stud-
ies to date, it appears that the presence
of factor V Leiden increases the risk of

VT associated with estrogen use to ap-
proximately 15-fold.16,17 Clarification is
needed on the effects of postmeno-
pausal hormone therapy on thrombo-

sis in the presence of other VT risk fac-
tors, especially age, obesity, and
purported protective factors, such as as-
pirin or statin use.14,18
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Context Postmenopausal hormone therapy increases the risk of venous thrombosis.
It is not known whether other factors influencing thrombosis add to this risk.

Objective To report final data on incidence of venous thrombosis in the Women’s
Health Initiative Estrogen Plus Progestin clinical trial and the association of hormone
therapy with venous thrombosis in the setting of other thrombosis risk factors.

Design, Setting, and Participants Double-blind randomized controlled trial of 16608
postmenopausal women between the ages of 50 and 79 years, who were enrolled in
1993 through 1998 at 40 US clinical centers with 5.6 years of follow up; and a nested
case-control study. Baseline gene variants related to thrombosis risk were measured
in the first 147 women who developed thrombosis and in 513 controls.

Intervention Random assignment to 0.625 mg/d of conjugated equine estrogen
plus 2.5 mg/d of medroxyprogesterone acetate, or placebo.

Main Outcome Measures Centrally validated deep vein thrombosis and pulmo-
nary embolus.

Results Venous thrombosis occurred in 167 women taking estrogen plus progestin
(3.5 per 1000 person-years) and in 76 taking placebo (1.7 per 1000 person-years);
hazard ratio (HR), 2.06 (95% confidence interval [CI], 1.57-2.70). Compared with women
between the ages of 50 and 59 years who were taking placebo, the risk associated
with hormone therapy was higher with age: HR of 4.28 (95% CI, 2.38-7.72) for women
aged 60 to 69 years and 7.46 (95% CI, 4.32-14.38) for women aged 70 to 79 years.
Compared with women who were of normal weight and taking placebo, the risk as-
sociated with taking estrogen plus progestin was increased among overweight and
obese women: HR of 3.80 (95% CI, 2.08-6.94) and 5.61 (95% CI, 3.12-10.11), re-
spectively. Factor V Leiden enhanced the hormone-associated risk of thrombosis with
a 6.69-fold increased risk compared with women in the placebo group without the
mutation (95% CI, 3.09-14.49). Other genetic variants (prothrombin 20210A, methy-
lenetetrahydrofolate reductase C677T, factor XIII Val34Leu, PAI-1 4G/5G, and factor
V HR2) did not modify the association of hormone therapy with venous thrombosis.

Conclusions Estrogen plus progestin was associated with doubling the risk of ve-
nous thrombosis. Estrogen plus progestin therapy increased the risks associated with
age, overweight or obesity, and factor V Leiden.
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The Women’s Health Initiative
Estrogen Plus Progestin trial reported
a 2.11-fold increased risk of VT among
16608 women randomized to com-
bined estrogen plus progestin therapy
compared with placebo.19 This initial
article was based on locally adjudi-
cated outcomes through April 30,
2002, with 5.2 years of follow-up.
Active treatment in the trial was
stopped early on July 8, 2002, follow-
ing the recommendation of the exter-
nal data and safety monitoring board,
after determining that health risks
exceeded benefits. In this article, we
extend the previous findings for VT by
evaluating centrally adjudicated inci-
dence of VT through July 7, 2002,
with an average follow-up of 5.6 years.
We report the risk factors for VT and
the interaction of postmenopausal
hormone therapy and environmental
and hemostatic risk factors.

METHODS
Participants

Detailed descriptions of the Women’s
Health Initiative have been pub-
lished.20,21 Eligible women were be-
tween the ages of 50 and 79 years and
were postmenopausal. Exclusion cri-
teria related to presence of medical con-
ditions associated with shortened sur-
vival or safety concerns, including level
of triglycerides higher than 500 mg/dL
(5.65 mmol/L). The protocol and con-
sent forms were approved at each site
by institutional review committees and
all participants provided written in-
formed consent. Due to published evi-
dence of increased VT risk with post-
menopausal hormone therapy use, as
of July 1997 women with a previous his-
tory of DVT or PE were no longer
enrolled.

This article is based on 16 608 eli-
gible women with an intact uterus at
baseline who were randomly assigned
in a double-blind fashion to receive es-
trogen plus progestin or matching pla-
cebo. Combined estrogen plus proges-
tin was provided in a tablet containing
0.625 mg/d of conjugated equine es-
trogen and 2.5 mg/d of medroxypro-
gesterone acetate (PremPro, Wyeth

Ayerst, Philadelphia, Pa). At baseline,
blood was drawn after a minimum 10-
hour fast.

Race/ethnicity was self-selected by
participants from a list. Baseline medi-
cation use was ascertained by examin-
ing medication containers brought to
study centers by participants. Aspirin
use was defined as 80 mg/d or more for
at least 30 days, and statin use was de-
fined as any use in the previous 14 days.
Overweight was defined as a body mass
index (BMI) of between 25 and 30 and
obesity as a BMI higher than 30. Body
mass index was calculated as weight in
kilograms divided by the square of
height in meters.

Events Ascertainment

Study participants were followed up to
assess clinical events every 6 months
and had an annual in-clinic visit. Over-
all, 3.3% of women were lost to fol-
low-up (3.5% in the estrogen plus pro-
gestin group and 3.0% in the placebo
group). All hospital records were re-
viewed locally. Diagnoses of possible
VT, including DVT and PE, first were
reviewed by clinic center adjudicators
using standardized criteria.21 These ad-
judicators were centrally trained and
blinded to treatment assignment. Fur-
ther review of locally adjudicated di-
agnoses was performed by central ad-
judication. The agreement between
local and central adjudication was 89%
for PE and 84% for DVT. In cases of dis-
agreement, a different central adjudi-
cator reviewed the records and the lo-
cal and central adjudication results for
resolution. This article is based on the
centrally adjudicated diagnoses through
July 7, 2002.

The diagnosis of DVT was based on
a physician diagnosis (hospital dis-
charge summary with a diagnosis of
DVT or outpatient treatment) and posi-
tive findings on doppler or duplex ul-
trasound, venogram, plethysmogra-
phy, or isotope scan. The diagnosis of
PE was based on a hospital discharge
summary with a diagnosis of PE and
positive findings on ventilation-
perfusion lung scan, pulmonary angio-
gram, or computed tomography. Pul-

monary embolus was also confirmed if
signs and symptoms suggested PE in the
presence of a documented DVT. Events
were classified as procedure-related if
they occurred within 60 days of an in-
vasive procedure. Study medication was
stopped after a diagnosis of VT.

Nested Case-Control Study

A nested case-control study of biomar-
kers, treatment assignment, and risk of
vascular outcomes was conducted af-
ter early findings indicated increased
vascular risk in women taking estro-
gen plus progestin. All validated cases
of VT that occurred between random-
ization and February 28, 2001 (n=147)
were included, by which time all
women were more than 2 years from
randomization. Controls were se-
lected matched on age, randomization
date, presence of baseline vascular dis-
ease specific to the case, and fol-
low-up time. The controls selected to
match cases of myocardial infarction
and stroke were included in these analy-
ses (513 total controls). For the women
in this nested sample, available ge-
nomic DNA was analyzed using stan-
dard methods for factor V Leiden
(n = 615), prothrombin G20210A
(n=616), the thermolabile variant of
methylenetetrahydrofolate reductase
(C677T; n=619), coagulation factor
XIII Val34Leu (G100T; n=615), the
4G/5G polymorphism of plasminogen
activator inhibitor-1 (PAI-1; n=607),
and factor V HR2 (A4070G; n=614).

Statistical Analysis

The main analyses used time-to-event
methods (log-rank tests; Cox regres-
sion) based on intent-to-treat prin-
ciples. For each outcome, the time-to-
event for VT cases was the number of
days from randomization to first diag-
nosis. For women without VT, the cen-
soring time was the time from random-
ization to the earliest date of either
death, loss to follow-up, or July 7, 2002.
Outcome comparisons were pre-
sented as annualized rates and hazard
ratios (HRs) with nominal (unad-
justed for multiple outcomes) 95% con-
fidence intervals (CIs). Overall VT was
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the primary outcome in these analy-
ses, with secondary analyses assessing
DVT and PE separately. Cox models
were stratified by age, prior VT, and ran-
domization status in the dietary modi-
fication trial (a concurrent trial that ex-
amined low-fat eating patterns). The
HRs by time since randomization were
calculated and tests of trends with time
were performed in a Cox proportional
hazards model incorporating a linear
time � treatment interaction term. Sen-
sitivity analysis was performed to as-
sess the impact of stopping study pills
during follow-up by censoring a woman
from the analysis 6 months after
nonadherence.

Pulmonary embolus was 1 of 7 out-
comes included in a global index that
was used in the early stopping recom-
mendation of the trial. Because PE was
relatively rare during follow-up, the
nominal 95% CIs reported herein are
likely to be only slightly understated.
Accounting for the 7 outcomes, the
Bonferroni-adjusted 95% CI for PE was
1.27 to 3.63.

Analysis of associations of each ge-
netic factor with risk of VT was per-
formed using logistic regression, ad-
justing for age, randomization year,
treatment assignment, and prior his-
tory of VT.

Interactions between hormone treat-
ment assignment and baseline charac-
teristics were examined by adding a
product term between treatment and
the characteristic to a model that in-
cluded both variables as main effects.
We tested for a value of zero for the
product term coefficient tests to indi-
cate a departure from a multiplicative
interaction. To provide additional in-
sight into the joint relationship of each
genetic polymorphism and treatment
with VT risk, we also tested an addi-
tive odds ratio model using a certain
synergy index.22 Under an additive
model, the increment above unity in the
odds ratio for hormone therapy and a
polymorphism combined is the sum of
the increments above unity for treat-
ment and the polymorphism sepa-
rately. An additive model implies lower
risk for the factors combined than does

a multiplicative model. Statistical analy-
ses were performed using SAS statisti-
cal software (version 9, SAS Institute
Inc, Cary, NC).

RESULTS
Baseline characteristics of women in the
estrogen plus progestin and placebo
groups were published.19 The distribu-
tions of potential VT risk factors were
similar for both estrogen plus proges-
tin and placebo. One third of the
women were aged 50 to 59 years and
22% were aged 70 to 79 years. Eighty-
four percent were white, 7% black, and
one third of each were overweight or
obese. Smoking (10%) and diabetes
(4%) were uncommon. Statin use was
reported by 7% and regular aspirin use
by 20%. Forty-three percent of women
previously took oral contraceptives and
26% previously took estrogen plus pro-
gestin. There were 141 women (�1%)
with a prior history of VT. With a me-
dian follow-up of 5.6 years, 243 women
developed VT. Of these 243 women,
124 had PE. Of the VT cases, 129 (53%)
had DVT alone diagnosed, while of
those with PE, 53 (43%) had recog-
nized DVT. TABLE 1 shows the base-
line characteristics of women who de-
veloped VT compared with those who
did not.

As shown in TABLE 2, VT occurred
in 167 women (3.5/1000 person-
years) in the estrogen plus progestin
group and 76 women (1.7/1000 person-
years) in the placebo group (HR, 2.06;
95% CI, 1.57-2.70). The HRs were simi-

lar for DVT and PE. Twenty percent of
cases of VT were procedure-related and
these were not as strongly associated
with estrogen plus progestin. Among
141 women who had VT prior to en-
rollment, there were 8 cases during fol-
low-up–7 cases among women in the
estrogen plus progestin group and 1
case in the placebo group (HR, 3.87;
95% CI, 0.45-33.34).

Because about 40% of women
stopped taking study pills, at least tem-
porarily, during follow-up, the HRs may
underestimate the association if there
had been full adherence. In analyses
wherein the follow-up for a woman was
censored 6 months after stopping study
medication or starting open-label hor-
mone therapy, the resulting HR esti-
mates were higher than those in Table 2
(VT: HR, 3.22; 95% CI, 2.24-4.64; DVT:
HR, 3.30; 95% CI, 2.16-5.05; and PE:
HR, 3.77; 95% CI, 2.17-6.55).

The increased risk of VT was pres-
ent in the year following randomiza-
tion and persisted throughout fol-
low-up (FIGURE 1). Results were similar
for DVT and PE. The yearly HRs for VT
were 4.01 in year 1; 1.97 in year 2; 1.74
in year 3; 1.70 in year 4; 2.90 in year
5; and 1.04 in year 6 or later. A test for
trend in the HR over time showed di-
minishing risk of VT with increasing
time from randomization (P=.01); how-
ever, the incidence of VT appeared to
increase among placebo-treated women
in later years of follow-up. These yearly
HRs did not differ materially, account-
ing for nonadherence.

Table 1. Baseline Characteristics Based on Development of Venous Thrombosis During
Follow-up

Characteristic

No. (%) of Participants*

Without Venous
Thrombosis
(n = 16 365)

With Venous
Thrombosis

(n = 243)

Age, mean (SD), y 63.2 (7.1) 66.4 (6.5)

White 13 724 (83.9) 221 (90.9)

Body mass index, mean (SD)† 28.4 (5.9) 30.7 (6.3)

Prior deep vein thrombosis or pulmonary embolus 133 (0.8) 8 (3.3)

Current smoking 1705 (10.5) 13 (5.4)

Diabetes 720 (4.4) 14 (5.8)

Statin use 1095 (6.7) 16 (6.6)
*Unless otherwise indicated.
†Calculated as weight in kilograms divided by the square of height in meters.
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Compared with women aged 50 to
59 years and when adjusted for treat-
ment assignment and BMI, women aged
60 to 69 years had an HR of 2.03 (95%
CI, 1.43-2.88) and women aged 70 to
79 years had an HR of 3.72 (95% CI,
2.57-5.36). Considering age and treat-
ment assignment, the highest inci-
dence of VT was among older women
assigned to the estrogen plus proges-
tin group (TABLE 3). For each age
group, the incidence of VT associated
with estrogen plus progestin was in-
creased by approximately 2-fold.

The HR of VT adjusted for age and
treatment assignment was 1.96 (95%
CI, 1.33-2.88) for overweight and 3.09
(95% CI, 2.13-4.49) for obesity. The in-

cidence rate of VT was highest among
obese women assigned to the estrogen
plus progestin group. These women had
a nearly 6-fold higher risk than nor-
mal weight women who were taking
placebo (TABLE 4). Within each BMI
group, the HR of estrogen plus proges-
tin compared with placebo was about
2-fold increased.

Among obese women aged 70 to 79
years, the incidence of VT was 8.9 per
1000 person-years in the estrogen plus
progestin group and 4.6 per 1000 per-
son-years in the placebo group. Among
normal weight women aged 50 to 59
years, the incidence was 0.8 per 1000
person-years in the estrogen plus pro-
gestin group. There were not any

cases of VT in the placebo group among
women with a normal weight.

The HR of VT for the estrogen plus
progestin group was not significantly
altered by cigarette smoking, aspirin or
statin use, history of cardiovascular dis-
easeprior toenrollment,prioruseofpost-
menopausal hormone therapy or oral
contraceptives,oranylipidmeasure(total
cholesterol, low-density lipoproteincho-
lesterol, high-density lipoprotein cho-
lesterol, and triglycerides; data not
shown). The number of events among
blacks and other ethnic groups was too
small to evaluate ethnic-specific associa-
tions of estrogen plus progestin with VT.

Among the genetic variants, in analy-
ses adjusted for age, randomization

Figure 1. Cumulative Hazard of Venous Thrombosis, Deep Vein Thrombosis, and Pulmonary Embolus

Estrogen Plus Progestin (E + P) Placebo

No. at Risk
E + P

Placebo
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8102 8015 7937 7854 7659 5490 2736   991
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0 2 5 641 73
Time, y

Venous Thrombosis

HR, 2.06 (95% CI, 1.57-2.70); P<.001

Deep Vein Thrombosis

Time, y

8506 8371 8290 8204 7982 5813 3067 1342
8102 8017 7944 7863 7671 5501 2741   992

0 2 5 641 73

HR, 1.95 (95% CI, 1.43-2.67); P<.001

Pulmonary Embolus

Time, y

8506 8384 8314 8234 8022 5847 3080 1351
8102 8022 7945 7869 7682 5512 2753 1001

0 2 5 641 73

HR, 2.13 (95% CI, 1.45-3.11); P<.001

CI indicates confidence interval; HR, hazard ratio.

Table 2. Venous Thrombosis Outcomes*

Outcome

Estrogen + Progestin (n = 8506) Placebo (n = 8102)

Adjusted HR
(95% CI)†

No. of
Cases

Annualized Rate/
1000 Person-Years

No. of
Cases

Annualized Rate/
1000 Person-Years

Venous thrombosis‡ 167 3.5 76 1.7 2.06 (1.57-2.70)

Deep vein thrombosis 123 2.6 59 1.3 1.95 (1.43-2.67)

Pulmonary embolus 86 1.8 38 0.8 2.13 (1.45-3.11)

Nonprocedure-related 125 2.6 46 1.0 2.54 (1.81-3.56)

Deep vein thrombosis 87 1.8 40 0.9 2.04 (1.40-2.97)

Pulmonary embolus 65 1.4 23 0.5 2.67 (1.66-4.29)

Procedure-related 27 0.6 23 0.5 1.09 (0.63-1.91)

Deep vein thrombosis 25 0.5 14 0.3 1.64 (0.85-3.17)

Pulmonary embolus 16 0.3 12 0.3 1.24 (0.59-2.63)
Abbreviations: CI, confidence interval; HR, hazard ratio.
*The mean (SD) follow-up time was 5.7 (1.4) years for the estrogen plus progestin group and 5.6 (1.3) years for the placebo group.
†Values are from Cox proportional hazards models and are adjusted for age, prior disease, and randomization group in the dietary modification trial.
‡Information on whether an event was procedure-related or not was missing for 22 cases.
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year, previous VT, and treatment as-
signment, only factor V Leiden was
associated with the risk of VT, with a
2.6-fold increased risk among hetero-
zygotes, and a 7.5-fold increased risk
among homozygotes (TABLE 5). There
was a suggestion of reduced VT risk
associated with the homozygous fac-
tor XIII variant, but this was also
true for the thermolabile variant of
MTHFR, which, if anything, is ex-
pected to increase risk. Because sev-
eral gene variants are less common
among nonwhites, whites were ana-
lyzed separately and results did not dif-
fer materially.

FIGURE 2 shows the association with
VT of genetic conditions in combina-
tion with placebo or estrogen plus pro-
gestin. For women with factor V Leiden
who were taking estrogen plus proges-
tin, the data were consistent with either
a multiplicative odds ratio model
(P=.71) or an additive odds ratio model
(P=.50). Restricting analysis to white
women, these significance levels were
.74 and .44, respectively. The odds of
VT among women taking estrogen plus
progestin who had factor V Leiden was
slightly higher in white women than in

the overall group (OR, 8.53; 95% CI,
3.78-19.23). For the other gene vari-
ants, only homozygous factor XIII

Val34Leu appeared to modulate the
risk associated with estrogen plus pro-
gestin.

Table 3. Age-Specific Incidence of Venous Thrombosis

Baseline Age, y

50-59 60-69 70-79

Placebo
Estrogen

+ Progestin Placebo
Estrogen

+ Progestin Placebo
Estrogen

+ Progestin

No. of cases 13 32 38 76 25 60

Annualized rate/1000 person-years 0.8 1.9 1.9 3.5 2.7 6.2

HR (95% CI)* 1.00 2.27 (1.19-4.33) 2.31 (1.23-4.35) 4.28 (2.38-7.72) 3.37 (1.72-6.60) 7.46 (4.32-14.38)
Abbreviations: CI, confidence interval; HR, hazard ratio.
*Adjusted for prior venous thrombosis, randomization group in the dietary modification trial, age, assignment to estrogen plus progestin or placebo, and the interaction term of age

and treatment assignment.

Table 4. Incidence of Venous Thrombosis by Body Mass Index

Body Mass Index*

�25 25-30 �30

Placebo
Estrogen

+ Progestin Placebo
Estrogen

+ Progestin Placebo
Estrogen

+ Progestin

No. of cases 13 24 24 59 38 83

Annualized rate/1000 person-years 0.9 1.6 1.5 3.5 2.5 5.1

HR (95% CI)† 1.00 1.78 (0.91-3.51) 1.63 (0.83-3.20) 3.80 (2.08-6.94) 2.87 (1.52-5.40) 5.61 (3.12-10.11)
Abbreviations: CI, confidence interval; HR, hazard ratio.
*Calculated as weight in kilograms divided by the square of height in meters.
†Adjusted for prior venous thrombosis, randomization group in the dietary modification trial, body mass index, assignment to estrogen plus progestin or placebo, and the interaction

term of body mass index and randomization group.

Table 5. Association of Genetic Variants With Venous Thrombosis

Genetic Variant No. (%) of Controls No. (%) of Cases OR (95% CI)*

Factor V Leiden
GG 455 (95.4) 119 (86.2) 1.0

GA 21 (4.4) 17 (12.3) 2.6 (1.3-5.2)

AA 1 (0.2) 2 (1.4) 7.5 (0.6-87.8)

Prothrombin 20210
GG 458 (95.8) 133 (96.4) 1.0

AG 20 (4.2) 5 (3.6) 0.8 (0.3-2.2)

AA 0 0

MTHFR
CC 204 (42.5) 70 (50.4) 1.0

CT 213 (44.4) 56 (40.3) 0.8 (0.5-1.2)

TT 63 (13.1) 13 (9.4) 0.6 (0.3-1.2)

Factor XIII
GG 255 (53.5) 75 (52.2) 1.0

GT 192 (40.3) 60 (43.5) 1.1 (0.7-1.7)

TT 30 (6.3) 6 (4.3) 0.6 (0.3-1.7)

PAI-1
4G/4G 119 (25.4) 37 (26.8) 1.0

4G/5G 248 (52.9) 68 (49.3) 0.8 (0.5-1.2)

5G/5G 102 (21.7) 33 (23.9) 1.0 (0.6-1.8)

Factor V HR2
AA 421 (88.4) 124 (89.9) 1.0

AG 52 (10.9) 13 (9.4) 0.8 (0.4-1.6)

GG 3 (0.6) 1 (0.7) 1.0 (0.1-10.1)
Abbreviations: CI, confidence interval; OR, odds ratio.
*Adjusted for age, year of randomization, prior venous thrombosis, and treatment assignment.
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COMMENT
Results from this randomized clinical
trial of estrogen plus progestin in
healthy postmenopausal women have
further documented the increased risk
of VT, including both DVT and PE,
among women taking estrogen plus
progestin. Results are consistent with
previous studies of unopposed estro-
gen, estrogen plus progestin, and se-
lective estrogen-receptor modula-
tors.5-7,23 Considering other vascular
outcomes of estrogen plus progestin in
this study, VT accounted for the great-
est number of excess events with es-
trogen plus progestin. Based on pro-
jections for 10 years for 1000 women
taking estrogen plus progestin, the es-
timated excess number of events is 18
for VT, 6 for coronary heart disease,24

8 for invasive breast cancer,25 and 8 for
stroke.26

Several conclusions may be made
based on these findings. The in-
creased risk of VT was highest in the
first year of therapy, but continued
through 5 years of treatment. This is
consistent with most reports,9,14 but in-
consistent with studies that suggested
no increased risk after the first year of
treatment.11,13 In agreement with find-
ings in the general population,2-4 the risk
of VT increased with age and obesity
in this trial. While obese women or
those aged 70 to 79 years had a similar
relative risk of VT with estrogen plus
progestin as thinner and younger
women, there was a substantially higher
number of cases of thrombosis in these
groups due to their higher baseline risk.

Among women aged 70 to 79 years, the
projected 10-year risk of VT was 6%
with estrogen plus progestin. For
women aged 50 to 59 years, the age at
which women might currently be con-
sidering postmenopausal hormone
therapy use, the projected 5-year risk
of estrogen plus progestin in obese
women was 1.4% compared with less
than 0.5% in normal weight women.
While a recent study reported that the
combination of obesity and oral con-
traceptives synergistically increase the
risk of VT,4 we are unaware of other
studies assessing postmenopausal hor-
mone therapy and obesity.

Use of estrogen plus progestin among
women with prior VT should be dis-
couraged in the absence of ongoing an-
ticoagulation. Although there were only
141 participants with previous VT, the
high risk of recurrence with estrogen
plus progestin observed herein agrees
with a previous trial documenting a 1.3-
year incidence of VT of 10.7% with es-
tradiol plus norethistrone acetate
among women with prior VT.27

Our data suggest the absence of a
protective effect of aspirin or statins on
VT risk among women taking estro-
gen plus progestin. In high-risk popu-
lations such as surgery patients, aspi-
rin use may be an effective prophylaxis
against VT, especially in combination
with other methods.28,29 Among women
with coronary artery disease in the
Heart and Estrogen/progestin Replace-
ment Study (HERS), aspirin use ap-
peared to attenuate the risk of VT as-
sociated with estrogen plus progestin,
with a relative risk of 1.68 among
women taking aspirin and 4.23 among
women not taking aspirin, however this
difference was not statistically signifi-
cant and confounders were not evalu-
ated.15 Herein and in the HERS trial,
statins did not specifically protect
against estrogen plus progestin-
associated VT,14 although there may be
differences among statins that require
further study.30

Among the genetic polymorphisms
assessed herein, only factor V Leiden
was related to risk of VT and it ap-
peared to combine with estrogen plus

Figure 2. Risk of Venous Thrombosis by Presence of Genetic Variants and Randomized
Treatment Assignment

Genetic Variant E + P
Gene

Polymorphism
Cases, 

No.
Odds Ratio
 (95% CI)

0.2 10 201.0

Odds Ratio (95% CI)

No Yes 2.12 (0.41-10.97)

Yes No 2.24 (1.45-3.47)

Yes Yes 6.69 (3.09-14.49)

Factor V Leiden GA+AA No No 1.00

2

84

17

35

No Yes

Yes No 2.43 (1.59-3.70)

Yes Yes 2.86 (0.94-8.74)

Prothrombin 20210 AG+AA No No 1.00

0

96

5

37

No Yes 0.70 (0.23-2.12)

Yes No 2.42 (1.55-3.77)

Yes Yes 1.77 (0.77-4.08)

MTHFR TT No No 1.00

4

93

9

33

No Yes 1.13 (0.24-5.32)

Yes No 2.55 (1.66-3.92)

Yes Yes 1.26 (0.40-3.93)

Factor XIII 34 Leu/Leu No No 1.00

2

97

4

35

No Yes 1.42 (0.66-3.09)

Yes No 2.69 (1.65-4.39)

Yes Yes 2.90 (1.51-5.56)

PAI-1 5G/5G No No 1.00

11

79

22

26

No Yes 0.92 (0.30-2.82)

Yes No 2.47 (1.59-3.85)

Yes Yes 2.05 (0.91-4.60)

Factor V HR2 AG+GG 

Overall (E + P)

No No 1.00

4

91

10

33

Dotted vertical line indicates the OR of venous thrombosis with E + P in the nested case-control sample. CI
indicates confidence interval; E + P, estrogen plus progestin.
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progestin therapy to modify risk in an
approximate multiplicative fashion.
This finding agrees with previous find-
ings from a case-control study17 and
from combined results of 2 trials of
women with established coronary heart
disease.16 Based on our findings, we es-
timate that the absolute risk of VT
among women taking estrogen plus
progestin with heterozygous or homo-
zygous factor V Leiden is 0.8% per year.
Other studies estimated this rate as 2.9%
per year in families affected by factor
V Leiden and thrombosis,31 and 1.5%
per year among women with coronary
artery disease.16 Based on our find-
ings, if unselected healthy women con-
sidering estrogen plus progestin therapy
were screened for factor V Leiden to
withhold treatment from women with
the mutation, 795 women would need
to be screened to prevent 1 episode of
VT over 5 years of treatment.

Interactions observed herein for
estrogen plus progestin with both
environmental and genetic risk factors
for VT were weaker than previously
reported interactions of oral contra-
ceptives with VT risk factors. For
example, the associations of obesity4

and factor V Leiden7 with VT are
greatly increased by oral contracep-
tives and modestly increased by estro-
gen plus progestin. While the pro-
thrombin 20210A variant greatly
increases the risk associated with oral
contraceptives, we did not observe this
for estrogen plus progestin. It is pos-
sible that the lower estrogen dose in
the regimen of estrogen plus progestin
explains these differences, but it is also
possible that these interactions are
harder to detect in postmenopausal
women due to their higher baseline
risk of VT compared with younger
women.

The strengths of this study include the
randomized double-blind design and as-
certainment of outcome events in a large
group of women. The analysis was lim-
ited by power considerations for sub-
group analyses, particularly those re-
lated to the nested case-control study
that included only 147 cases of VT. How-
ever, apart from factor V Leiden and per-

haps factor XIII Val34Leu, given the lack
of evidence for associations of the ge-
netic polymorphisms with VT, it is un-
likely that a clinically relevant interac-
tion of these genetic factors with
estrogen plus progestin exists. Nonad-
herence to study medications appeared
to attenuate the observed associations of
the estrogen plus progestin regimen with
VT. Therefore our risk estimates for all
analyses are likely to be underesti-
mates. Finally, the results herein apply
to the hormone formulation studied.
Other data suggest that associations of
postmenopausal hormone therapy with
VT do not differ by formulation (estra-
diol, conjugated estrogens, unopposed
vs combined therapy).7,32 However, there
is limited information on different for-
mulations and their interactions with ge-
netic risk factors for VT. Furthermore,
the association of transdermal estrogen
therapy with VT is controversial,9,11,33

and no studies have assessed drug-
gene interaction.

In summary, there was an increased
risk of VT among women assigned to
estrogen plus progestin in the Wom-
en’s Health Initiative clinical trial. Older
age and obesity added to the risk asso-
ciated with a regimen of estrogen plus
progestin. Thinner and younger women
were at low absolute risk of VT, al-
though their risk was still 2-fold higher
among women taking estrogen plus
progestin compared with women tak-
ing placebo. Women with factor V
Leiden, but not other genetic variants,
were particularly susceptible to estro-
gen plus progestin-induced VT. The im-
plications of these findings may be im-
portant for the use of postmenopausal
hormone therapy in the treatment of
menopausal symptoms among younger
postmenopausal women.
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