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PERSONAL PERSPECTIVE

What if the Women’s Health Initiative had used transdermal estradiol
and oral progesterone instead?

James A. Simon, MD, CCD, NCMP, IF, FACOG

Abstract
The author considers hypothetical comparisons between oral conjugated equine estrogens and transdermal estradiol

and between oral medroxyprogesterone acetate and oral micronized progesterone for their effects on four primary
outcomes of the Women’s Health Initiative (WHI): cardiovascular disease risk, cerebrovascular disease risk, venous
thromboembolism risk, and breast cancer risk. Although the discussion in this article focuses on transdermal estradiol
delivered through patches, gels, or lotions, it could be broadened to include all forms of nonoral estrogen adminis-
tration. After a brief review of the WHI and a survey of the relevant literature in which the safety of these various
hormone therapies is assessed or compared, the author uses statistical methods to ascertain the attributable risk of
venous thromboembolism for transdermal estradiol versus oral hormone therapy and imputes those risks into the
WHI primary outcomes.

Key Words: Women’s Health Initiative Y Menopause Y Hormone therapy Y Transdermal estradiol Y Micronized
progesterone Y Venous thromboembolism.

A
fter the results of the estrogen-progestogen arm of the
Women’s Health Initiative (WHI) were published in
2002,1 followed by those of the estrogen-only arm in

2004,2 many Bwhat-if[-type questions were posed:

hWhat if the researchers had focused only on women aged 50
to 59 years, who would be the most probable candidates for
hormone therapy (HT) for the reduction of menopausal
symptoms?

hWhat if a similar limitationVlooking at the effects of HT
on women who had reached menopause within the past
5 yearsVhad been imposed?

hWhat if lower doses of conjugated equine estrogens (CEE)
and medroxyprogesterone acetate (MPA) had been used?

hWhat if different estrogens and progestogens had been used?
hWhat if a different route of HT administration had been used?

Perhaps some or all of the adverse outcomes associated
with the use of CEE, alone or with MPA, would have been
avoided if an entirely different HT regimen had been used,
and if this entirely different HT regimen had been used in
women with vasomotor symptoms (VMS) who were, on aver-
age, a decade younger than those in the WHI. Of note, the
US Food and Drug Administration’s labeling for all meno-
pause HT products, including estrogen-progestogen therapy
(EPT) combinations and estrogen therapy (ET), is the same
even though (1) the populations using these products (ie, nonhys-
terectomized women and hysterectomized women, respectively)
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differ from each other on heart disease risk, osteoporosis risk,
and the like; (2) the results of the EPT and ET arms of the
WHI differed greatly from each other; and (3) some ETs have
little or no systemic absorption.3 This standard product label-
ing suggests that all hormonal regimens carry the same risks,
which the evidence does not necessarily support.

Since 2002, many retrospective analyses, follow-up stud-
ies, and new studies have been conducted to answer these
what-if-type questions, particularly the first two questions (see
the list above). This report aims to answer the last two ques-
tions, which are combined and posed as follows: BWhat if the
WHI had been performed using transdermal estradiol and oral
micronized progesterone?[ The author considered hypothet-
ical comparisons between oral CEE and transdermal estradiol
and between oral MPA and oral micronized progesterone
(MP) for their effects on four primary outcomes of the WHI:
cardiovascular disease (CVD) risk, cerebrovascular disease
(ie, stroke) risk, venous thromboembolism (VTE) risk, and
breast cancer (BrCA) risk. Although the discussion in this
article focuses on transdermal estradiol delivered through
patches, gels, or lotions (these are the most commonly used
routes of nonoral estrogen administration), it could be broad-
ened to include all forms of nonoral estrogen administration.

The rationale for using transdermal estrogen instead of oral
estrogen is that the first-pass effect associated with oral ad-
ministration induces many undesirable metabolic effects.4 These
adverse effects include elevated triglycerides (TG), decreased
low-density lipoprotein (LDL) particle size, and increased pro-
duction of some coagulation factors and C-reactive protein
(CRP). By contrast, transdermally delivered estrogen does not
produce such changes.4,5 In addition, serum TG levels and
thrombotic factors, often increased in women with diabetes
mellitus, are not increased further with transdermal HT.6

Moreover, adverse alterations in blood pressure (BP) in both
nonhypertensive and hypertensive women (although consid-
ered rare, if not idiosyncratic, reactions) have been reported
only with oral therapy. The putative advantage of using MP
over MPA is that the former is bioidentical to the body’s own
progesterone. Recent evidence has shown that natural proges-
terone displays a favorable action on blood vessels and on the
brain, which may not be true for some synthetic progestins.4

Furthermore, MPA, possibly owing to its glucocorticoid ac-
tivity, may counteract some of the beneficial effects of estra-
diol, which is not the case with MP.4

Whereas initial concern about the WHI findings focused on
CVD and BrCA risks, VTE risk may be of more immediate
concern, particularly in younger postmenopausal women who
are seeking to initiate HT (either EPT or estrogen alone) for the
treatment of menopausal symptoms. Using the concept of at-
tributable risk, the author has provided additional analyses sup-
porting the use of transdermal ET over oral ET, alone or with
oral MP, with respect to VTE risk in the postmenopausal pop-
ulation. Similar data on CVD, stroke, and BrCA are not avail-
able for this type of analysis; for these outcomes, the author has
relied on observational trial data gleaned from large European
population studies, without calculation of attributable risk.

BACKGROUND

Findings from observational studies, reviews, and meta-
analyses published in the 1990s and early 2000s suggested
that postmenopausal HT reduced the risk of coronary heart
disease (CHD) and was therefore recommended for primary or
secondary CHD prophylaxis in postmenopausal women.7<10

Offering more support for the cardioprotective effects of HT,
the Postmenopausal Estrogen/Progestin Interventions (PEPI)
Trial showed that EPT, compared with placebo, had favorable
effects on LDL cholesterol, high-density lipoprotein (HDL)
cholesterol, and fibrinogen.11,12 The two MPA-containing
regimens in the PEPI Trial were associated with an increase in
2-hour postload glucose levels compared with placebo,
whereas CEE alone and CEE/MP were not.11 Women in all
treatment groups gained weight; the largest weight gain oc-
curred in the placebo group, followed by the CEE/MPA groups
and the CEE/MP group. The smallest weight gain occurred in
the CEE-alone group (P = 0.03 vs placebo).11,13,14*

The randomized controlled trial (RCT) HT component of
the WHI was initiated based on observational data indicating
that estrogen raised HDL cholesterol and reduced LDL cho-
lesterol, which would explain, at least in part, the protective
effects of HT on the heart. The unexpected findings of the
WHI radically changed physicians’ understanding of the
benefits and risks of HT. Since the publication of the findings
of the CEE/MPA arm in 20021 and of the CEE arm in 2004,2

many investigators have been reevaluating and reanalyzing
the WHI findings in an attempt to reconcile them with previ-
ous observational study findings.

THE WHI: SUMMARY OF PRIMARY OUTCOMES

The CEE/MPA arm of the WHI was halted after a mean of
5.2 years of follow-up because the rate of invasive BrCA among
actively treated participants, compared with placebo recip-
ients, exceeded the stopping boundary for this adverse event
(hazard ratio [HR], 1.26).1 In addition, compared with the pla-
cebo group, the CEE/MPA group had excess rates of CHD
(HR, 1.29), stroke (HR, 1.41), and pulmonary embolism (PE;
HR, 2.13). The CEE-only arm, conducted on hysterectomized

*A transdermal estradiol arm was seriously considered in the planning stages
of the PEPI Trial, but resources and support from the transdermal ET manu-
facturer (Estraderm; Ciba-Geigy Corp, Summit, NJ) were withdrawn when the
National Institutes of Health and PEPI investigators determined to make
increases in HDL cholesterol the primary end point of the trial (personal
communication, Drs. Howard Judd and Robert Langer). According to Langer,
BMy recollection is that transdermal estradiol was seriously considered but
dropped when we determined that, since contrasts between progestogens were
a primary aim, the number of participants we could afford to enroll within the
budget could support a treatment matrix employing just one estrogen while
providing adequate statistical power. Since another major goal was relevance
to expected clinical practice when the study was completed roughly 5 years
later, we chose the most commonly used estrogen in clinical practice,
conjugated equine estrogens. Indeed, the first pass at the study design had
about 17 arms that would allow contrasts between virtually all available
progestogens, as well as oral and transdermal estradiol, in addition to CEE.
The biostatisticians went glassy-eyed, and the project officer reminded us
of financial reality.[ A summary of the PEPI Trial is available.14
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women, was also terminated early (after a mean follow-up of
6.8 y) because CEE, relative to placebo, did not afford signifi-
cant cardioprotection (HR, 0.91) and was associated with a
significantly increased risk for stroke (HR, 1.39).2 The BrCA
rate was lower in the CEE group than in the placebo group
(HR, 0.77), but the rate of VTE, either deep vein thrombosis or
PE, was higher (HR, 1.33).

Another way of looking at the WHI data, with a focus on
women in their 50s, is to assess the absolute risks for four pri-
mary outcomes (CHD, stroke, VTE, and BrCA) in HT users
versus placebo users. Figures 1A and 1B depict the increased
number of events per 10,000 women per year that occurred
with the use of CEE/MPA (EPT arm)15<18 or CEE alone (ET
arm),2,19<21 respectively, relative to placebo. Figure 2 shows the
excess incidence of potentially fatal events attributable to oral
CEE in women aged 50 to 60 years.22

Because of these findings and the intensive media attention
that ensued (much of it reproachful and alarmist), many physi-
cians stopped prescribing HT. Several pharmaceutical compa-
nies halted the clinical development of new HT products. Many
women stopped using or asking for HT even though moderate
to severe VMS and/or vulvovaginal atrophy (VVA) symptoms
were diminishing their quality of life. Was this discontinua-
tion or avoidance of HT really necessary for most postmeno-
pausal women? Was it even wise?

As the hand-wringing and the media frenzy subsided, the
unexpected findings began to generate investigations of the
WHI itself, as well as analyses and reanalyses of its findings
and conclusions. With respect to the WHI itself, the main
concerns centered on the mean age of the WHI participants
(63 y in the CEE/MPA arm and 64 y in the CEE-only armV
markedly older than women enrolled in previous observational
trials) and the fact that HT was initiated so many years after
these women reached menopauseVwell past the point when
most women seek treatment of VMS and/or VVA symptoms.
The other main concern about the WHI was the fact that
only one estrogen formulation (oral CEE) and only one pro-
gestogen (MPA) were evaluated, each with only one route
of administration.5

WHY TRANSDERMAL ESTROGEN, ALONE OR
WITH MP, MAY BE A BETTER CHOICE

Awoman is 51 years old. She has not had a menstrual period
in 13 months, and she has been experiencing hot flashes and
night sweats of increasing frequency and severity for the past
6 months. She has no contraindications to HT, still has her
uterus, and is fully informed about the potential risks and
benefits of HT. She asks you whether physicians are still pre-
scribing this treatment to postmenopausal women. You believe
that a short course of therapy is in order, but which one? You

FIG. 1. A: Women’s Health Initiative estrogen-progestogen therapy arm. Women aged 50 to 59 years: absolute risks of coronary heart disease (CHD),
breast cancer, stroke, and venous thromboembolism (VTE). Modified from Manson et al,15 Chlebowski et al,16 Wassertheil-Smoller et al,17 and
Cushman et al.18 B: Women’s Health Initiative estrogen therapy arm. Women aged 50 to 59 years: absolute risks of CHD, breast cancer, stroke, and
VTE. Modified from Anderson et al,2 Hsia et al,19 Hendrix et al,20 and Curb et al.21
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just read the report by LaCroix et al23 in The Journal of the
American Medical Association, so you feel better about pre-
scribing ET. However, is CEE the way to go? Might a different
form of estrogen (eg, transdermal estradiol) be safer? Is there
a progestogen (eg, MP) that might be safer than MPA? This
article aims to answer these questions.

Cardiovascular disease
According to the National Heart, Lung, and Blood Insti-

tute,24 which amassed data from seven major epidemiologic
studies, CVD incidence is 4 cases per 1,000 person-years for
women aged 45 to 54 years and 8 to 9 cases per 1,000 person-
years for women aged 55 to 64 years. The incidence of CHD
alone is 1 to 2 cases per 1,000 person-years in women aged 45
to 54 years and 3 to 6 cases per 1,000 person-years in women
aged 55 to 64 years.

Since the publication of the main WHI findings in 2002 and
2004, many authors have performed studies and analyses
supporting the timing hypothesis, which states that the unex-
pectedly adverse CVD-related outcomes would have been
mitigated or avoided if WHI participants had started using HT
closer to the time of menopause and at an earlier age.19,25<30

Even in these too-old-for-HT WHI cohorts, follow-up studies
showed that the HR for CHD was 0.95 in former CEE/MPA
recipients31 and 0.97 in former CEE recipients23 3 years after
they stopped their assigned regimen. In the study by LaCroix
et al,23 CVD risk actually declined significantly among women
aged 50 to 59 years. In this age group, CHD risk was reduced
(HR, 0.59) and myocardial infarction (MI) risk was reduced
(HR, 0.54), suggesting that there may be a window of oppor-
tunity for safe administration of ET.32 The timing hypothesis,
however, has not been confirmed.33

Maybe exogenous estrogen, alone or with a progestogen if
needed to protect the uterus, is cardioneutral or even cardiopro-
tective in most postmenopausal women in their 50s. And, maybe,
if they desire relief from troublesome VMS and/or VVA symp-

toms, they may find that, with regard to CVD risk, transdermal
estradiol is an even safer choice than oral estrogen and that oral
MP is a safer choice than oral MPA. The accumulated evi-
dence to date is convincing. Literature citations that follow
include point estimates of relative risk (RR), as reported by
the authors. In most cases, these articles also provided 95%
CIs for each estimate, giving readers some idea of the vari-
ability associated with the findings. For ease of summarizing
information as background for the discussion, CIs have been
excluded despite their importance to derivation of inferences.

CHD outcomes
In a Danish cohort study, LLkkegaard et al34 followed ap-

proximately 700,000 healthy women aged 51 years or older
for 7 years and discovered that nearly 5,000 of these women
experienced an MI during this period. Overall, there was no
increased risk for MI (RR, 1.03) among current HT users ver-
sus never users. The greatest MI risk occurred in continuous
HT users; no increased risk was noted in users of unopposed
estrogen or cyclic combined therapy. A significantly lower
risk for MI was found among transdermal ET users than among
oral ET users (RR, 0.77 vs 1.78).

CVD markers and risk factors
Several studies have shown that transdermal ET, relative

to oral ET, has more favorable effects (or less deleterious
effects) on certain CVD markers, including BP, TG, LDL
particle size, coagulation parameters, CRP, and activated pro-
tein C (APC).5,35,36 With regard to progestogens, the PEPI Trial
showed that MP, unlike MPA, did not counteract the favor-
able effects of CEE on HDL cholesterol.11 Many, if not most,
of these markers and risk factors, particularly BP,37 come into
play with regard to stroke risk as well.

Menopause is accompanied by a dramatic rise in the preva-
lence of hypertension (HTN) in women, suggesting a protec-
tive role for endogenous estradiol in BP regulation.38 Even

FIG. 2. Excess incidence of potentially fatal events attributable to oral estrogen therapy in both Women’s Health Initiative clinical trial arms (combined)
among women aged 50 to 59 years. Modified from Olié et al.22
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small increases in BP are associated with an increased risk for
CVD-related events.38 The following studies ascertained the
effects of the estrogen component and/or the progestogen
component on BP in postmenopausal women receiving HT:

& Rylance et al39: Results of this small, double-blind, placebo-
controlled, cross-over study showed that the use of orally ad-
ministered natural progesterone caused a significant reduction
in BP in individuals with mild to moderate HTN who were not
using any other antihypertensive medications.

& Hassager et al40: This 2-year placebo-controlled study was
conducted on 110 early postmenopausal women to examine
the effects of percutaneous and oral estradiol, alone or with
progestogen, on BP. The investigators found that systolic BP
(SBP) and diastolic BP (DBP) remained unchanged in both
HT groups, whereas DBP tended to rise in the placebo groups.
Both estradiol regimens may have protected against the age-
related increase in DBP noted in early postmenopausal
women.

& Ashraf and Vongpatanasin38: This pooled analysis of large
clinical trials showed that oral estrogen, either unopposed or
opposed, in postmenopausal women promoted isolated sys-
tolic HTN (magnitude of increase, 1-2 mm Hg), whereas
transdermal estradiol seemed to have BP-lowering effects.

& Lee et al41: In this study, 67 Korean postmenopausal
women (mean age, 57 y)Vsome with HTN and some with
normal BPVreceived CEE, alone or with MP, for
2 months. During daytime, HT use was associated with
increased SBP and DBP in normotensive participants and
with decreased SBP and DBP in those with HTN. When
MP was added to the CEE regimen, the increase in daytime
BP among normotensive women was attenuated, and the
decrease in daytime SBP in the group with HTN was po-
tentiated.

With regard to diabetes mellitus, which is a major risk factor
for CVD, CEE and transdermal estradiol seemed to have had
minimal effects on glucose metabolism and insulin resistance,
whereas MPA might have had a slightly adverse effect and MP
had no adverse effect.42 The PEPI Trial showed that CEE/MP,
unlike CEE/MPA, did not adversely affect carbohydrate metabo-
lism.11 A recent evaluation of the E3N cohort (E3N is the French
component of the European Prospective Investigation into Cancer
and Nutrition Study) showed that, overall, the incidence of new-
onset diabetes among nearly 64,000 postmenopausal women
followed for an average of more than 10 years was lower among
HT users than among nonusers (HR, 0.82).43 In France, the
transdermal route of estrogen administration is used far more often
than the oral route. For women in this study who used transdermal
estrogen plus a progestogen, MP, in a head-to-head comparison
with synthetic progestins, had the lowest HR for new-onset dia-
betes (0.67).43 A small randomized study by Chu et al44 showed
that, in obese postmenopausal women with metabolic syn-
drome, insulin resistance and adipocytokine parameters wors-
ened with exposure to oral, but not transdermal, estradiol.

Finally, a nested case-control study using the WHI database
showed that although estrogen receptor (ER) polymorphisms

were not associated with the risks of vascular events and did
not modify the increased risks for CHD, stroke, or VTE related
to HT use, a reduced response of plasmin-antiplasmin (a marker
of coagulation and fibrinolysis) to HTwas noted for ER-1 IVS1
(intron number 1)-354 and ER-1 IVS1-1415.45 Nevertheless,
the authors concluded that screening for ER polymorphisms
to identify women at lesser risk for adverse cardiovascular
outcomes was not likely to be useful in making decisions
about HT use.

Cerebrovascular disease
Among postmenopausal women aged 50 to 59 years, stroke

incidence is 6 to 8 cases per 10,000 women per year.46 Unlike
CHD risk, which seems to be attenuated by exogenous estrogen
use in women in their 50s, ET-associated ischemic stroke risk,
albeit small, seems to rise even in this younger cohort and in
older postmenopausal women.46<48

Lobo and Clarkson46 offered a hypothetical explanation for
the differential effects of exogenous estrogen on CHD risk (,)
and stroke risk (j) in 50- to 59-year-olds. Many studies have
shown that ET initiated near menopause onset inhibits pro-
gression of coronary artery atherosclerosis, presumably via its
beneficial effects on lipids and on the endothelium of the cor-
onary arteries. By contrast, delayed ET initiation, particularly
in women with established CHD but also in older women who
may have undetected atherosclerotic lesions, can have delete-
rious cardiovascular effects. These authors ascribed the in-
creased ischemic stroke associated with oral standard-dose or
high-dose ET to a different disease course (cerebral athero-
sclerosis develops later than coronary atherosclerosis) and to a
different disease processVprimary thrombus formation. After
all, standard-dose oral ET is associated with an increased risk
for thrombus development in the venous circulation not only
in younger and older menopausal ET users but also in oral
contraceptive (OC) users.

Supporting this hypothesis is the fact that the rate of ische-
mic stroke risk does not seem to be increased by the postmen-
opausal use of transdermal estrogen, which does not undergo
first-pass hepatic metabolism.49 In a population-based nested
case-control study, a cohort of almost 900,000 women aged
50 to 79 years in the UK General Practice Research Database
(recruitment period, January 1987 through October 2006) was
identified.49 During an average of nearly 7 years of follow-up,
about 16,000 cases of stroke occurred; these cases were matched
to about 60,000 controls in a 1:4 ratio. The adjusted rate ratio
of stroke associated with current use of transdermal estrogen,
alone or with a progestogen, was 0.95 relative to HT nonuse.
Current users of oral estrogen, alone or with a progestogen,
had a higher rate of stroke than did HT nonusers (rate ratio,
1.28). Direct comparison between transdermal HT and oral
HT showed that stroke risk was significantly lower with the
former than with the latter (rate ratio, 0.74).

Venous thromboembolism
The incidence of VTE is 1 to 1.5 per 1,000 person-years in

postmenopausal women.4,50 In addition, VTE is responsible
for about one third of potentially fatal CVD-related events in
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HT users.51 It is thought that when oral estrogen undergoes
first-pass hepatic metabolism, it increases and modifies glob-
ulin synthesis and function, impairing the balance between
procoagulant factors and antithrombotic mechanisms.5,52,53

This phenomenon does not occur with transdermally admin-
istered estrogen.54<56

In the original WHI reports, the risk for VTE was excessive
in both CEE/MPA users (HR, 2.11)1 and CEE users (HR,
1.33),2 particularly in the first 2 years of use.21 Mitigating this
early VTE risk would have been highly desirable. Multiple
studies conducted during the past decade have indicated that
transdermal estrogen is substantially safer than oral estrogen
in this regard. No conclusions regarding the possible differ-
ential effects of progestogens on VTE risk have been drawn,
although some studies suggested that adding MP or MPA to
the estrogen regimen did not affect VTE risk, and a recent re-
view suggested that MP was safer than the other progestogens.

ESTHER Study
In the ESTHER (EStrogen and THromboEmbolism Risk)

Study, Scarabin et al57 recruited 155 consecutive cases of a
first-documented idiopathic VTE (92 with PE and 63 with deep
vein thrombosis) among French postmenopausal women and
matched them to 381 controls. The enrollment period covered
1999 to 2002. Compared with ET nonusers, oral ET users had
an adjusted odds ratio (OR) for VTE of 3.5 and transdermal ET
users had an adjusted OR for VTE of 0.9, indicating that the
oral group had nearly a four-times-greater VTE risk than did
the transdermal group. The VTE risk for oral HT users in-
creased quickly. The adjusted OR was greatest during the
first 12 months of use (10.1) and decreased over time (5.0 after
13-30 mo, 4.0 after 31-48 mo, and 2.5 after 948 mo). By
contrast, VTE risk in transdermal HT users was low (1.5, 0.6,
1.3, and 0.9) at these respective checkpoints.

In an extension of the ESTHER Study with an interesting
twist (enrollment period, 1999-2004), researchers investigated

the impact of the route of estrogen administration on the asso-
ciation between a prothrombotic mutation (factor V Leiden or
prothrombin G20210A mutation) and VTE risk.58 (Of note,
prothrombotic mutations are relatively common in the general
population; however, several authorities recommend against
routine screening for these mutations, except in those persons
with a strong personal or family history suggestive of the prob-
lem.59) Extending recruitment to 235 cases and 554 controls,
the investigators found that the factor V Leiden mutation alone
was associated with a 3.4-fold increased risk for VTE and that
a prothrombin mutation alone was associated with a 4.8-fold
increased risk for VTE.58 Oral estrogen use alone, relative to
transdermal estrogen use alone, was associated with a much
greater increase in VTE risk (OR, 4.3 vs 1.2). The combination
of either one of the prothrombotic mutations and oral estrogen
use led to a 25-fold higher risk of VTE (compared with the
risk in nonusers without a mutation), whereas the risk for
women with a prothrombotic mutation who were using trans-
dermal estrogen was similar to that of women with a mutation
who were not using estrogen (respective ORs, 4.4 and 4.1). Un-
like oral estrogen, transdermal estrogen did not confer addi-
tional VTE risks on women carrying a prothrombotic mutation.

Because oral estrogen use and elevated body mass index
(BMI) both increase VTE risk and because prior study data
suggested that transdermal estrogen might be safer with re-
spect to thrombotic risk, the ESTHER Study group investi-
gated the impact of transdermal estrogen on the association
between overweight/obesity and VTE risk (enrollment period,
1999-2005).60 Among normal-weight study participants, the
ORs for VTE risk were 1.0 for ET nonusers, 1.2 for trans-
dermal ET users, and 5.9 for oral ET users. Among over-
weight participants, the ORs for VTE risk were 2.7 for ET
nonusers, 2.9 for transdermal ET users, and 10.2 for oral ET
users. Among obese participants, the ORs for VTE risk were
4.0 for ET nonusers, 5.4 for transdermal ET users, and 20.6
for oral ET users (Fig. 3).60 Based on these findings, the

FIG. 3. Venous thromboembolism (VTE) risk in the ESTHER Study: impact of hormone therapy by route of administration (oral estrogen or trans-
dermal [TD] estrogen) and by body mass index (BMI), where a BMI of 30 kg/m2 or higher represents obesity. Dotted horizontal line indicates the odds
ratio of VTE associated with oral estrogen use in the whole population (odds ratio, 4.5; 95% CI, 2.6-7.7). Modified from Canonico et al.60
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authors concluded that, unlike oral estrogen, transdermal
estrogen did not confer an additional risk for idiopathic VTE
in women with increased BMI.

The final segment of the ESTHER Study (enrollment period,
1999-2006) focused on the impact of the progestogen compo-
nent of HT on VTE risk.61 These investigators recruited 271
consecutive cases with a first-documented episode of idiopathic
VTE (208 hospital cases and 63 outpatient cases) and 610
matched controls (426 hospital controls and 184 community
controls). Similar to previous studies, the adjusted ORs for
VTE in current users of oral or transdermal estrogen versus
nonusers were 4.2 and 0.9, respectively. Neither MP nor preg-
nane derivatives such as MPA or dydrogesterone affected VTE
risk (ORs, 0.7 and 0.9, respectively), whereas norpregnane
derivatives (nomegestrol acetate and promegestrone) were as-
sociated with a nearly fourfold increased VTE risk (OR, 3.9).

Meta-analysis/systematic review
A meta-analysis and systematic review of eight observa-

tional studies and nine RCTs derived from an electronic search
of 1974-2007 MEDLINE listings was conducted to estimate
the risk for VTE in HT users.62 For the observational studies,
oral ET, but not transdermal ET, raised VTE risk. The pooled
ORs of first-time VTE were 2.5 in current oral ET users and
1.2 in current transdermal ET users, as compared with ET
nonusers. Use of a concurrent progestogen did not affect VTE
risk in oral ET users. Results from the RCTs confirmed the
elevated VTE risk among oral ET users (OR, 2.1). Among
women with a thrombogenic mutation or high BMI, those
who used oral ET incurred additional VTE risk, whereas those
who used transdermal ET did not.

In an updated meta-analysis, the same group of researchers
reviewed six RCTs, five cohort studies, and seven case-control
studies for oral ET, as well as four case-control studies and two
cohort studies for transdermal ET.22 The pooled risk ratios
for VTE were 1.9 and 1.0 among oral and transdermal ET
users, respectively.

An even more recent review by Canonico et al63 focused on
the effects of the different pharmacologic classes of progesto-
gens onVTE risk. The investigators’ pooled analysis of data from
the ESTHER and E3N Studies suggested that the safest option
when adding a progestogen to ET might be transdermal ET
combined with MP, although Canonico et al63 cautioned that
RCTs are needed to confirm this result.

Additional studies
Using the same database as in their study on stroke (recruit-

ment was extended toMarch 1, 2008), Renoux et al64 identified
23,505 cases of VTE and matched them with 231,562 controls
in a nearly 1:10 ratio. VTE risk increased with current use of
oral estrogen, alone (rate ratio [RR], 1.49) or with a progesto-
gen (RR, 1.54), but not with current use of transdermal estrogen
alone (RR, 1.01) or with a progestogen (RR, 0.96), as com-
pared with HT nonuse.

In the first investigation of the effects of the route of estro-
gen administration on recurrent VTE risk, Olié et al50 recruited

1,023 consecutive postmenopausal women aged 45 to 70 years
with a confirmed first VTE between January 2000 and
December 2008; the women were followed for an average of
79 months after discontinuing anticoagulation therapy. During
the follow-up period, 893women did not use HT and 130women
used HT (most HT regimens contained transdermal estrogen;
10 women used oral estrogen). Recurrent VTE occurred in
77 (7.5%) of the 1,023 women. Transdermal estrogen use,
compared with HT nonuse, conferred no additional risk for
recurrent VTE (HR, 1.0), whereas oral estrogen use increased
this risk by 6.4-fold. Among transdermal estrogen users, con-
current use of MP did not alter recurrent VTE risk. By contrast,
use of a norpregnane derivative with transdermal estrogen in-
creased the risk by 4.7-fold.

In an editorial accompanying the study by Olié et al,50

Lobo53 acknowledged its unusual nature (HT is generally con-
traindicated in women with prior VTE) and the small numbers
(two VTE cases among 10 oral HT users and six VTE cases
among 103 transdermal HT users). Nevertheless, Lobo53 thought
that these findings supported the notion that, with regard to
thrombotic risk, transdermal estrogen is safer than oral estro-
gen, at least in standard doses.

North American researchers, using a prescription database
of almost 55,000 women from 2002 to 2009, conducted a
retrospective matched-cohort comparison of the incidence of
reported VTE among users of transdermal estradiol therapy
versus oral ET (approximately 27,000 women per group).65,66

VTE developed in 115 transdermal estradiol users versus
164 oral estrogen users (adjusted incidence rate ratio [aIRR],
0.67), which is a significant difference. The incidence rate re-
duction among transdermal estradiol users versus oral estrogen
users was even greater for VTE-related hospitalization (aIRR,
0.38) and PE (aIRR, 0.46), the most serious type of VTE event.
Although somewhat limited by uncertainties associated with
risk factors, the underlying expected rate of VTE in the par-
ticipant population, classification of VTE events, and the po-
tential for study participants to have received various products
at various strengths for various periods of time, these real-
world results are consistent with those of European case-control
studies conducted to date.

The first ever case-control study was conducted to compare
the effects of OCs versus HTs, either oral or nonoral, on VTE
risk in women older than 50 years.67 For the 1,082 women
with a first VTE and 1,468 controls included in the study, the
ORs for VTE were 6.3 in OC users, 4.0 in oral HT users, and
1.1 nonoral HT users, demonstrating a pattern seen in the
ESTHER Study reported 9 years previously.

Finally, Sweetland et al68 linked the records of more than
1 million UK postmenopausal women to the records of rou-
tinely collected hospital admissions and deaths, with a focus
on HT use and VTE. During 3.3 person-years of follow-up,
2,200 women experienced a VTE that was diagnosed an aver-
age of 1.5 years after last reporting HT use. RRs in current
users versus never users were significantly higher for oral EPT
than for oral ET (2.07 vs 1.42), with no increased risk for
transdermal ET (0.82).
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Underlying mechanism for the difference between HT
administration routes

Many studies have been conducted to elucidate the mecha-
nisms underlying the differential effects of oral and transdermal
estrogens on VTE risk. Post et al55 ascertained whether the
effects of oral ET differed from those of transdermal ET with
regard to resistance to APC (an important risk factor for venous
thrombosis) and levels of related proteins (eg, protein S, protein
C, and prothrombin). The research team observed increases in
APC resistance that were more pronounced in oral ET groups
than in a transdermal ET group. For nonhysterectomized
women, what might be the effects of adding a progestogen?
Oger et al56 found that transdermal ET, when combined with
oral MP, did not induce APC resistance, whereas Canonico
et al69 found that transdermal ET plus a norpregnane derivative
did induce APC resistance.

Bagot et al52 compared oral and transdermal HTs with re-
spect to thrombin generation, a marker of hypercoagulability.
They found that thrombin generation was significantly in-
creased in oral HT users, but not in transdermal HT users.
They surmised that this effect was probably mediated by the
hepatic first-pass metabolism of estrone (the main metabolite
of oral estradiol), which is avoided by the transdermal route.

Breast cancer
One in eight women will develop BrCA in her lifetime.70

Even though a woman is much more likely to develop and die
of CVD than BrCA (in 2007, 306,000 women died of heart
disease and 41,000 women died of BrCA71), the latter disease
is more feared72,73 and is more likely to affect attitudes toward
HT risks/benefits and use.74,75

Although endogenous estrogen exposure has been associated
with BrCA, a cause-and-effect relationship between exogenous
estrogen use and BrCA has not been established.4,5,73,76 After
all, women in the WHI CEE-alone arm had no increased BrCA
risk (HR, 0.77)2 even after a mean postintervention follow-up
of 4 years (HR, 0.77).23 That being said, because BrCA risk
was elevated in CEE/MPA users (HR, 1.26), did the proges-
togen component (MPA) somehow play a role in increasing
BrCA risk?

Role of progestogen
Findings from a large clinical trial suggested that two pro-

gestogens were safer than others in relation to BrCA risk.77

Using data from the French E3N cohort study, Fournier et al77

assessed the association between different HTs and BrCA risk.
During a mean follow-up of 8.1 years, 2,354 cases of invasive
BrCA were identified among 80,377 postmenopausal women.
Among hysterectomized women, compared with HT never
users, estrogen users had a 1.29-fold increased risk for BrCA.
Route of estrogen administration did not affect BrCA risk (RRs,
1.32 for oral estrogen and 1.28 for transdermal/percutaneous
estrogen). For nonhysterectomized women, the RRs for BrCA
were 1.00 for estrogen/MP users, 1.16 for estrogen/dydrogesterone
users, and 1.69 for estrogen/other progestogen users (these
progestogens had androgenic, nonandrogenic, or antiandrogenic

activity and did not differ significantly from one another in terms
of their effects on BrCA incidence). The investigators con-
cluded that the choice of the progestogen component may
influence BrCA risk, with MP or dydrogesterone being safer
than other progestogens.

Using data from the E3N cohort to answer a different ques-
tion (Does the relationship between HT use and BrCA risk vary
according to the gap time between menopause onset and treat-
ment initiation?), Fournier et al78 found that, among recent HT
users, BrCA risk varied according to the timing of treatment
initiation. When initiated close to the time of menopause, HT
use (estrogen plus any type of progestogen) was associated
with an increased BrCA risk. However, this finding pertained
only to short durations of HT use (e2 y): the HR was 1.54 for
short treatments initiated in the 3-year period after menopause
onset but was only 1.00 for short treatments initiated later on.
This pattern of risks was not observed in users of estrogen/
progesterone; this group had no significantly increased BrCA
risk associated with short duration of use (HRs, 0.87 for treat-
ments initiated e3 y after menopause and 0.90 for treatments
initiated later on). This seemingly protective effect of proges-
terone did not apply to other progestogens. Short durations
of estrogen/dydrogesterone use were associated with an HR of
1.44 for gap times of 3 years or less and an HR of 1.14 for
longer gap times. Short durations of use of estrogens plus
other progestogens were associated with an HR of 1.89 for gap
times of 3 years or less and an HR of 1.02 for longer gap times.

Progestogens differ widely in their chemical structures,
structure-function relationships, metabolism, pharmacokinetics,
and potencies; it is reasonable to expect them to exert different
effects on breast tissue.77,79,80 Data from animal studies and in
vitro studies have provided clues to the biological plausibility
of these differences.81,82

Possible role for the route of estrogen administration
Although the E3N European Prospective Investigation into

Cancer and Nutrition Study cohort showed no difference be-
tween oral and transdermal/percutaneous estrogen in relation
to their effects on BrCA risk, a randomized study conducted on
202 postmenopausal women showed that use of transdermal
HT, relative to that of oral HT, was associated with a signifi-
cantly lower mean breast density at the end of the study
(38.4% vs 46.9%).83 Study participants had received trans-
dermal or oral estradiol/norethindrone acetate for 1 year.

Elaborating on the main results, the investigators reported
that 35.3% of women in the oral HT group, but only 12.6%
of women in the transdermal HT group, had a moderate or
marked increase in breast density (Q15%).83 Moreover, only
15.7% of oral HT users, versus 39.1% of transdermal HT
users, had no change in breast density. Degree of breast ten-
derness correlated positively with increases in mammographic
breast density. Changes in mammographic breast density with
the different HT regimens may reflect different associations
with BrCA risk; the jury is still out in this regard. At the very
least, transdermal HT, as compared with oral HT, may im-
prove quality of life by diminishing breast tenderness.
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Estrogens trigger both the proliferation of normal breast
epithelial cells and the progression of BrCA cells.5 Other
mechanisms related to estrogen metabolism may come into
play with regard to carcinogenesis. In particular, certain estra-
diol metabolites have been found to have antiproliferative and
antiangiogenic properties84 and may distinguish between the
effects of oral and transdermal estrogens on breast tissue.85,86

Putting it all together
A recent study of 77 healthy postmenopausal women showed

that the regimen used in one arm of the WHI, namely, CEE/
MPA, had an adverse impact on breast cell proliferation, whereas
the regimen advocated in this article, namely, transdermal
estradiol/MP, did not.87 Participants were randomized to re-
ceive sequential HT with conventional oral CEE/MPA or with
natural estradiol gel/oral MP, with the progestogen being given
on days 14 to 28 of each cycle. Two percutaneous stereotac-
tic core-needle biopsies were performed before treatment and
during one of the last 3 days of the second 28-day treatment
cycle. For 2 months, treatment with CEE/MPA induced a
highly significant increase in breast cell proliferation (from
a mean of 1% at baseline to a mean of 10.0%), whereas treat-
ment with percutaneous estradiol/oral MP did not (corre-
sponding means, 3.1% and 5.8%). It is not known whether
the estrogenic or progestogenic component of HT, or a syn-
ergy between the two, led to the more beneficial effects with
the use of percutaneous estradiol and oral MP.

HOW IS RISK EVALUATEDAND COMMUNICATED?

Attributable risk versus RR
Most studies reviewed in this article used RR reduction

as an indicator that transdermal HT may be preferred to oral
HT, particularly within the context of VTE risk. Yet even
before the publication of the initial WHI findings in 2002 and
2004, Santen and Petroni88 had provided a comprehensive
discussion of the limitations of using RR alone as a measure of
the potential harm or benefit of ET. Difficulty in understand-
ing the meaning and implications of RR was considered more
extensively after theWHI results were publicized,73 particularly
as a response to the various media citations of risk estimates,
many of which were not properly explained or were presented
out of context.

Beyond RR and of equal or greater importance when inter-
preting studies such as the WHI is the excess risk (ie, the
attributable risk) associated with using HT versus not using
HT or, in the case of this review, using transdermal HT versus
using oral HT, each as compared with not using HT. That is, to
what extent does an RR higher than 1 translate into the actual
number of women who could expect to be affected by the
risk factor of value (in this situation, by the exposure to HT)?
Answering this question, especially in light of what should be
regarded as small departures from an RR of 1 (in either direc-
tion) seen in both the WHI and the other studies highlighted,
is important.

RR is simply a ratio of the probabilities of the incidence
of an outcome event (eg, VTE) for individuals exposed to the

risk factor of interest (eg, use of an HT product) compared
with those individuals who are not exposed to this risk factor
(eg, nonuse of this HT product or use of a different HT product).
RR is not a function of the actual number of women in the
population who use a particular HT product, nor does it depend
on one’s knowledge of the actual prevalence or extent of the
risk factor in the target population (eg, the proportions or
numbers of women actually using transdermal or oral HT).
These attributes make RR a portable measure that can be cal-
culated across studies of varying designs and target popula-
tions, with the principal aim of demonstrating the consistency
and reproducibility of an observed finding.

However, depending on the outcome in question, the mag-
nitude of RR may have little to do with the actual number of
women who might be affected. A small RR could have strong
clinical relevance if the number of women exposed to the risk
factor of interest is indeed large. By contrast, a large RR means
little if the actual number of persons who would be affected is
also small owing to the small number of exposed participants.

The problem is even more evident considering that, among
HT users, the frequency of the use of oral products in the
United States (about 80%) has historically been much greater
than that of transdermal products (about 20%). This differ-
ence complicates the understanding of RR for real numbers
of women who may be affected by a certain risk. On the
other hand, attributable risk becomes difficult to evaluate even
in light of what could be a large RR because the number of
women exposed to transdermal HT versus oral HT is consid-
erably smaller. Yet this balancing of both RR and attributable
risk (actually, the population attributable risk [PAR]) is the
cornerstone of a meaningful understanding of the risk/benefit
evaluation of HT in general andVin the case of all other risk
factors being equalVthe contention of some authors that, for
example, the VTE risk for transdermal HT is less than that
for oral HT when both are compared with HT nonuse.

In an attempt to provide at least a foundation for such a
discussion, the basic estimates of PAR89,90 were calculated
using three case-control studies that focused on VTE risk.
Although this review has touched on a number of outcome
measures for which transdermal HT has been evaluated in
comparison with oral HT, the current understanding of VTE
risk attributable to oral HT is based on the biologically plau-
sible concept that first-pass liver metabolism of oral estrogens
results in dose-dependent increases in liver-dependent clot-
ting factors, giving rise to greater coagulability. As a result,
the most complete source of data in the literature involves
VTE outcomes.

Analysis of the PAR of VTE for transdermal
versus oral HT
Methods

The studies reported by Canonico et al61,91 and Renoux
et al64 were considered good examples of investigations that
specifically presented data on transdermal versus oral HT use
with respect to VTE risk. Each study used information from
a separate database, although the two more recent studies
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incorporated substantially larger sample sizes than did the
earliest study. In addition, Renoux et al64 took into consid-
eration the use or nonuse of a progestin within the oral or
transdermal HT regimen. Canonico et al91 provided some data
on various progestin combinations, but the use of progestins
was not reported separately for oral and transdermal HT.

The data sets used in all three of these studies were drawn
from populations in Western Europe, where transdermal HT
use is much more prevalent than in the United States, where
the WHI was conducted. However, the ages of participants
considered in each of the three studies were consistent with
the original WHI age range of 50 to 79 years at entry. Some
differences are unavoidable because the WHI was a prospec-
tively defined study, whereas the three European studies
considered for the PAR calculations were all retrospective
case-control investigations. Canonico et al61 included women
with a mean age at menopause of approximately 49 years who
had a mean age of almost 62 years at the time case records
were obtained. Canonico et al91 highlighted a participant pop-
ulation with a mean age of 54 years at study entry and an av-
erage of 10 years of follow-up for data collection. Renoux
et al64 specifically drew records for women aged between 50
and 79 years during a stated calendar period between January
1987 and March 2008.

The RCT design is considered the gold standard for evalu-
ating differential treatment effects. To date, however, many of
the published studies evaluating the risks associated with
transdermal HT have been performed in an observational set-
ting or a case-control setting; the smaller number of women on
transdermal HT than on oral HT has made an RCT of trans-
dermal HT similar in magnitude to the WHI virtually impos-
sible. Fortunately, both the observational and case-control
studies used in this review incorporated large sample sizes.
These studies may not be representative of either the global
population at risk for VTE or, in particular, the US popula-
tion. Nonetheless, these studies provide at least some insights
into the potential risk for VTE as a function of method of
HT administration.

The intent of this analysis was to quantify potential changes
in excess risk associated with transdermal versus oral HTVnot
to determine whether such risk was or was not statistically
significant based on statements surrounding statistical power
and pooling of data to achieve a critical sample size for anal-
ysis. Therefore, each of the three studies was considered an

independent assessment of VTE risk. A pooled data approach,
such as that used in the Canonico et al62 meta-analysis for
estimating RR, was not considered in the estimation of PAR
because of differences in design, target population selection, and
relative numbers of cases and controls among the three studies.

Attributable risk is defined as that proportion of a popula-
tion where an outcome is present such that, if the exposure
factor of interest could be eliminated, the rate of occur-
rence of the outcome of interest would be reduced. Although
the outcome of interest is assumed to be a consequence of
exposure, this outcome will also inevitably be present in a
certain proportion of the exposed population wherein expo-
sure did not play a part. Therefore, PAR becomes useful for
evaluating the contribution of a risk factor among all persons
in the population who have the disease or condition under-
going study, not just those who were exposed to the risk
factor. However, because PAR is dependent on the rate of
exposure of the risk factor in the population, its utility as an
index becomes limited if this rate is either unknown or varies
among study populations.89

In a case-control study, where the rate of exposure in the
population is almost surely unknown, methods have been
developed to estimate PAR under a special set of assump-
tions.89 In particular, if the rate of occurrence of the outcome
(in this case, VTE) is low and the control group used in the
study represents what would have been a random sample from
the target population, OR can be considered a reasonable
estimate of RR, and PAR (call it PARcc) can be calculated as:

PARcc ¼½PðHT users among all casesÞjPðHT users among all controlsÞ�
½1jPðHT users among all controlsÞ� :

Results
Data from the study by Canonico et al61 yielded the re-

sults presented in Table 1. Table 2 lists the results gleaned
from the study by Canonico et al.91 Findings from the study
by Renoux et al64 are presented in Table 3.

Discussion
In all three studies, results showed that transdermal HT

was associated with a modestly reduced PAR of VTE versus
oral HT, when compared with HT nonuse. The studies by
Canonico et al91 and Renoux et al64 produced similar esti-
mates of RR (about 40% greater for oral HT compared with
transdermal ET); however, the transdermal HT PAR estimate

TABLE 1. VTE risk in a study by Canonico et al

Mode of delivery Use of ET
Nonuse
of ET Total Proportion

Simple
odds ratio PARcc

PARcc

95% CI

Oral Cases 45 146 191 0.2356 3.03 0.159 (1,590 of 10,000) 0.083 to 0.226
Controls 39 384 423 0.0922

Transdermal Cases 67 146 213 0.3146 0.98 j0.0059 (j59 of 10,000) j0.121 to 0.096
Controls 180 384 564 0.3191

VTE, venous thromboembolism; ET, estrogen therapy; PAR, population attributable risk.
Adapted from Table 2 in a study by Canonico et al61 with permission from Wolters Kluwer Health. Copyright * 2007, American Heart Association, Inc.
Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the
copyright in the original work and from the owner of copyright in the translation or adaptation.
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of 200 of 10,000 in the study by Canonico et al,91 as opposed
to the other two studies, suggested at least some degree of
VTE risk for transdermal HT administration. However, this
risk estimate did represent a reduction potential of almost
700 VTE cases per 10,000 women compared with oral HT. By
contrast, transdermal HT use in the studies by Canonico et al61

and Renoux et al64 showed, in essence, no PAR associated
with therapy (PARs ofj59 of 10,000, 3 of 10,000, andj5 of
10,000, respectively).

In the study by Renoux et al,64 the PAR differential for oral
HT was between 100 and 200 women per 10,000 women,
compared with transdermal HT. In and of itself, this number
is minimal but should be interpreted in light of the absence
of VTE risk associated with transdermal HT in those studies.
Of note, the PAR calculations obtained by the stated for-
mula do not differ much from the simple difference in risk
proportions that would have been used to estimate PAR if
these had been prospective cohort studies (eg, in Table 3,
0.0354 j 0.0247 = 107 of 10,000, compared with 111 of
10,000 for the oral ET users).

Whereas the respective RR estimates for oral EPT and
patch EPT use in Renoux et al64 were smaller than those for
their ET counterparts, the increase in PAR between oral EPT
and patch EPT users (approximately 210 of 10,000 women)
is greater than the corresponding ET comparison (approxi-
mately 108 of 10,000 women). One might speculate that
any excess VTE risk associated with the use of oral HT is
exacerbated when the oral product is a combined EPT prepa-
ration or when estrogen-only oral administration is combined
with, or followed by addition of, a progestin. Such an obser-

vation based on PAR is made despite what, at least on in-
spection, seems to be little difference in RR (1.45 vs 1.39)
between estrogen-only therapy and oral EPT. The studies by
Canonico et al61,91 did not differentiate progestin use between
oral and transdermal HT and could therefore not be used to
either support or refute this contention.

The results seen in the study by Renoux et al64 help explain
the difficulty in interpreting RR without also calculating
PAR. Because no standard or other clinical guidelines for
assessing the difference in the various RR estimates have
been posited, one would have difficulty in clinically assessing
the meaning of differences among the various RR esti-
mates other than to say that they all either point in the same
direction or they do not. However, one can render clinical
judgment as to whether an increase or a decrease in the ac-
tual number of exposed individuals who exhibit a particular
clinical outcome is an indication of something worth consid-
ering and even looking into further. There is also the addi-
tional chance that RR and PAR calculations could lead to
conflicting inferences. For example, the PAR oral HT esti-
mates in Table 3 reflect a reversal in direction from the RR
estimates, making interpretation of risk assessment some-
what less clear; whereas the RR for oral EPT is slightly
smaller than the RR for oral ET, the PAR for oral EPT is
almost twice the PAR for oral ET.

Results of the study by Canonico et al61 are of interest
because they are based on a much smaller group of women
than the other two studies. This study had an oral HT use
versus HT non-use OR greater than 3, with an associated PAR
of VTE of almost 1,600 per 10,000 women treated, versus no

TABLE 2. VTE risk in another study by Canonico et al

Mode of delivery Use of ET Nonuse of ETa Total Proportion Simple odds ratio PARcc PARcc 95% CI

Oral Cases 81 181 262 0.3092 1.40 0.088 (880 of 10,000) 0.011 to 0.159
Controls 93,120 291,218 384,338 0.2423

Transdermal Cases 174 181 355 0.4901 1.04 0.020 (200 of 10,000) j0.085 to 0.115
Controls 268,307 291,218 559,525 0.4795

VTE, venous thromboembolism; ET, estrogen therapy; PAR, population attributable risk.
aUses person-years of exposure.
Adapted from Table 2 in a study by Canonico et al91 with permission from Wolters Kluwer Health. Copyright * 2010, American Heart Association, Inc.
Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the
copyright in the original work and from the owner of copyright in the translation or adaptation.

TABLE 3. VTE risk in a study by Renoux et al

Mode of delivery Use of ET Nonuse of ET Total Proportion
Simple

odds ratio PARcc PARcc 95% CI

ET oral Cases 729 19,849 20,578 0.0354 1.45 0.0111 (111 of 10,000) 0.008 to 0.014
Controls 5,105 201,985 207,090 0.0247

ET patch Cases 273 19,849 20,122 0.0136 1.02 0.0003 (3 of 10,000) j0.001 to 0.002
Controls 2,721 201,985 204,706 0.0133

EPT oral Cases 1,277 19,849 21,126 0.0643 1.39 0.0210 (210 of 10,000) 0.014 to 0.020
Controls 9,342 201,985 211,327 0.0442

EPT patch Cases 92 19,849 19,941 0.0046 0.90 j0.0005 (j5 of 10,000) j0.002 to 0.000
Controls 1,043 201,985 203,028 0.0051

VTE, venous thromboembolism; ET, estrogen therapy; PAR, population attributable risk; EPT, estrogen-progestogen therapy.
Adapted from Table 2 in a study by Renoux et al64 with permission from John Wiley and Sons. Copyright * 2010, International Society on Thrombosis and
Haemostasis. Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner
of the copyright in the original work and from the owner of copyright in the translation or adaptation.
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excess risk for transdermal HT users. That this excess risk
differs substantially from that found in the other larger studies
may be a function of participant selection (eg, large national
databases with more diverse and varied distributions of clinics
and participants, as opposed to a much smaller, more localized
setting of hospitals within France).

Although the results of the study by Canonico et al61

suggested that use of transdermal HT, versus oral HT, was
associated with a lower VTE risk, it remains difficult to
determine the true implication of that reduced risk on the
number of women in the target population who would con-
sider using transdermal HT. It is equally difficult to estimate
the number of women requiring EPT who would also reduce
their VTE risk by using a transdermal product, although the
results of the studies by Canonico et al61 and Renoux et al64

suggest a lack of excess VTE risk above and beyond that
expected in the greater population of HT nonusers.

One further observation concerns the differences in abso-
lute rates of VTE risks calculated in the three case-control
studies, as compared with risks based on prospective findings
shown in the WHI. Whereas the case-control studies convey
the same message as the WHI (that VTE risk seems to be
higher among users of oral HT than among users of trans-
dermal HT), it is difficult to draw comparisons between the
WHI and the case-control investigations with respect to the
number of women using transdermal HT for whom the re-
duction in VTE risk would be expected. Variations in study
design, participant populations, and the manner in which the
various expressions of risk are calculated all contribute to this
problem. Although a more realistic, population-based estimate
of the number of women for whom transdermal HTmight be the
more favorable option cannot be easily obtained, the results are
suggestive of a clinically relevant outcome that would become
more noticeable by prescribers and women as the prevalence
of transdermal HT use increases.

SOCIETY GUIDELINES

Four societies, including The North American Menopause
Society, the European Menopause and Andropause Society,
the Endocrine Society, and the International Menopause
Society, have recently issued guidelines regarding the use
of HT.6,29,59,92,93 Important comments and recommendations
include the following.

Cardiovascular disease

h According to the most recent position statement of The
North American Menopause Society,6 HT initiation by
women aged 50 to 59 years or by women within 10 years of
menopause to treat typical menopause symptoms does not
seem to increase the risk of CHD events. In fact, emerging
evidence indicates that initiation of HT in early postmen-
opause may reduce CHD risk.

h Adverse BP alterations in women with or without HTN
have been reported only with oral HT.6

h Nonoral routes of HT administration, including transdermal
and intrauterine systems, may offer both advantages and

disadvantages compared with the oral route, but the long-
term benefit-risk ratio has not been demonstrated.6 Differ-
ences would be related to the role of first-pass hepatic
metabolism, the hormone concentrations in the blood
achieved by a given route, and the biological activity of the
ingredients. With transdermal therapy, there were no sig-
nificant increases in TG, no changes in CRP, no increases
in sex hormoneYbinding globulin, and few effects on BP.

h For relief of troublesome VMS and/or VVA symptoms,
transdermal HT is the first choice among women at in-
creased risk for CHD and among those with preexisting
diseases.29 The rationale for this recommendation is the
lesser effect of transdermal HT versus oral HT on coagu-
lation parameters.

Cerebrovascular disease

h Oral ET and oral EPT increase the risk for ischemic stroke by
about one third in relatively healthy postmenopausal women.92

In a large observational study, transdermal estradiol at a dose of
50 Kg or less did not increase stroke risk.49,92

Venous thromboembolism

h Growing evidence suggests that women with a history of
VTE and women with a factor V Leiden mutation are
at increased risk for VTE with HT use. Limited observa-
tional data suggest lower VTE risk with transdermal versus
oral ET, but no comparative RCT data are yet available.6

h Serum TG levels and thrombotic factors, often increased in
persons with diabetes, are not increased further with trans-
dermal HT use.6

h Transdermal estrogen does not increase venothrombotic
episode risk (level of evidence C).93

h Although no RCTs assessing transdermal estrogens with
respect to VTE risk have been conducted, numerous epide-
miologic and biological data suggest that transdermal estro-
gen is safer than oral estrogen.59 Transdermal HT should be
the first choice in overweight/obese women.59

h A personal history of VTE and, in some cases, a family
history of VTE (if associated with a prothrombotic mutation)
are strong contraindications to oral HT. When HT is re-
quired, transdermal estrogen can be considered after careful
individual evaluation of benefits and risks.59

h In managing postmenopausal women with a personal or
family history of VTE, MP or dydrogesterone is the pre-
ferred progestin for nonhysterectomized women.59

Breast cancer

h Early data from a large observational trial suggest that an
HT regimen containing MP may not be associated with
an increased risk for BrCA if it is used for up to 5 years;
these findings require confirmation.6

h Several studies have shown that MP has an overall better
risk profile than do other progestogens with regard to
both thrombotic and BrCA risks. Therefore, in women who
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require uterine protection, MP in combination with trans-
dermal estrogen is preferred.59

FINAL COMMENT

One consequence of the WHI reports in 20021 and 20042

was the precipitous decline in the use of HT, including ET
in hysterectomized women.94 From 2001 to 2009, HT use by
women in their 50s declined by 60%.94 This reduced use of
HT may have had unforeseen and unintended consequences
for women in their 50s: When data from the two WHI reports
were combined, mortality was found to be 30% lower in
HT users versus nonusers.27 Similarly, the postintervention
follow-up of WHI participants by LaCroix et al23 showed that
women in their 50s who were randomized to CEE, as com-
pared with women randomized to placebo, had a 27% lower
risk of death, which translated into 13 fewer deaths per 10,000
person-years. Sarrel et al95 derived a formula to relate the
excess mortality found among hysterectomized women aged
50 to 59 years who were assigned to placebo in the WHI
to that of the entire population of comparable US women,
while also incorporating the decline in ET use observed be-
tween 2002 and 2011. They found that a minimum of 18,601
postmenopausal women and a maximum of 91,610 postmen-
opausal women died prematurely because of ET avoidance.
Considering the mortality data for women in this age bracket
in the WHI reports and in the follow-up studies by LaCroix
et al23 and Hodis,96 the findings reported by Sarrel et al95 are
not surprising. However, they do raise the specter of whether
a lack of appropriate HT use contributes to rising female
mortality rates in almost half of US counties.96

CONCLUSIONS

Although some experts have called for an independent
commission to scrutinize every major WHI article and to de-
termine whether the data justified the conclusions drawn,97

this author posed a simple and focused question: What if
the WHI had been performed using transdermal estradiol plus
MP in women who need uterine protection? The findings
probably would have been quite different from those initially
reported in 20021 and 2004.2 In fact, the data suggest that
women treated with transdermal estradiol (instead of CEE) and
with oral MP (instead of MPA) would probably have fared
better with regard to CVD risk, stroke risk, VTE risk, and
BrCA risk. This conclusion is based on a review of the recent
literature presented here, with a specific focus on studies dealing
with VTE risk. No RCTs of the magnitude of the WHI have
been conducted during the past decade, so the conclusions
about CVD, cerebrovascular disease, and BrCA risks are drawn
mainly from observational data derived from large European
population studies. Likewise, the effects of oral versus trans-
dermal ET on VTE risk must be tested in an RCT before one
can reach conclusions about superiority.30

Although low to begin with, CVD and stroke risksV
particularly in women in their 50sVwould have been mitigated
or eliminated by switching from CEE to transdermal estradiol,
according to the results of two major studies.34,49 In addition,

many other studies have supported the superiority of trans-
dermal estradiol to oral estrogen for reducing CVD markers
and risk factors.5,35,36,44 A large clinical trial conducted by
Fournier et al77 showed that BrCA risk would have been re-
duced if women had used MP instead of MPA. RCTs are
still needed to test and confirm all these findings; in the
meantime, additional observational data are welcome but not
yet available.

Among all the risk factors studied, the assessment of VTE
risk (the greatest risk factor for early postmenopausal women)
has incorporated the most extensive database for the evaluation
of both RR and PAR. To that extent, the three studies used
in this analysis of PAR provide a good foundation for initial
findings that transdermal HT may be preferable to oral HT for
the treatment of postmenopausal symptoms, with all other risk
factors being equal.61,64,91 Nevertheless, a prospective RCT
would be the best method for confirming this hypothesis. The
National Institutes of Health has shied away from such an in-
vestigation for a variety of reasons, not the least of which is
cost. However, within the context of the population at risk, the
rate of VTE may be too small for such a study to be practical.

Although physicians should seek to minimize any excess
VTE risk when prescribing HT, they should also consider
the risk of VTE occurring both in the study and in the general
population. The growing obesity epidemic and its inherent
risk of thrombosis in this population may be just such an
example.60 In this context, case-control investigations, such
as those presented in this review, may play a prominent role
in decision-making regarding which method of HT adminis-
tration is optimal for a particular woman. PAR estimates
from the three case-control studies presented here suggest the
tenability of a clinical outcome supporting a reduced number
of VTE cases when using transdermal HT versus oral HT. The
consistency of the three study results provides even greater
support for that conclusion.
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