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ABSTRACT

Objective: Studies have shown that oral estrogen with or without progestogen increases the risk of
venous thromboembolism (VTE). Recent data suggest that transdermal estrogen confers little to no
increased risk of VTE. There is no systematic review that examines menopause hormone therapy (MHT)
use in women with risk factors for VTE. This systematic review therefore aims to summarize the evidence
in this population.

Method: The OVID Medline, Embase, PubMed and CENTRAL online databases were searched. A total of
762 studies were screened and 10 were included in the study.

Results: Six studies were case-control studies, two were randomized controlled trials (RCTs), one was
an RCT that contained a nested case—control study and one was a cohort study. Studies were
heterogeneous in their definition of menopause, dose, form and route of administration of MHT, and
the underlying VTE risk factor being assessed. In women with risk factors for VTE, transdermal estrogen
conferred no increased risk of VTE. Oral estrogen alone has the next safest profile, and oral estrogen
plus a progestogen conferred the highest increased risk of VTE.

Conclusion: Transdermal MHT appears safe in women with risk factors for VTE. Oral MHT, notably oral
estrogen plus a synthetic progestogen, does increase relative risk. More contemporary data are required
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to confirm these findings.

Introduction

Menopause hormone therapy (MHT) is prescribed to many
postmenopausal women with the aim to alleviate symptoms
and improve quality of life. Despite consistently proven ben-
efits and guidelines for the safe prescribing and management
of MHT, there is still considerable discrepancy between the
number of women experiencing symptoms and those cur-
rently taking MHT [1]. Benefits of MHT include control of
vasomotor symptoms and urogenital symptoms, and
improved sleep, psychological well-being and sexual health
[2]. MHT has also been shown to reduce the risk of diabetes
and colon cancer if used in a combined preparation [2,3].

Historically, risks associated with use of MHT significantly
affected prescribing practices, particularly after the publica-
tion of the Women'’s Health Initiative (WHI) trial. These risks
include breast cancer (with combined therapy, with the risk
level dependent on the progestogen type), myocardial infarc-
tion, stroke and venous thromboembolic events such as pul-
monary embolism (PE) and deep vein thrombosis (DVT) [4].
Therefore, prescribing MHT for women with known risk fac-
tors for venous thromboembolism (VTE) was heavily cau-
tioned [5]. More recent studies have shown that the risks of
MHT are related to whether estrogen is combined with a
progestogen and the route of administration.

VTE is a complex condition with a host of risk factors
including age, thrombophilia, overweight or obesity, older
age, smoking, recent surgery or immobilization, malignancy,
prior history of VTE, acute myocardial infarction, congestive
heart failure, pregnancy and hormone replacement therapy
[6]. It is well established that the use of oral estrogens with
or without a synthetic progestogen can significantly increase
the risk of VTE, particularly in those with known risk factors
[7,8]. These studies often examine use of oral estrogens alone
or group all forms of MHT together in their analyses, without
delineating between routes of administration. Recent narra-
tive analysis of literature suggests that the risks of MHT with
respect to VTE are different when considering timing of com-
mencement, preparation, route of administration and dura-
tion of use [9]. Furthermore, it is emerging that transdermal
estrogen use is associated with no increased risk of VTE in
the postmenopausal population and may confer no addi-
tional risk in women with risk factors for VTE [2,10-12].
Despite narrative reviews of the literature, to date there are
no systematic reviews that have assessed the data addressing
the safety of MHT in women at risk of VTE.

The aim of this systematic review is to summarize the cur-
rent body of evidence regarding the use of MHT in women
with identified risk factors for VTE.
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Method

This systematic review was registered with PROSPERO (ID:
CRD42024582546) on 18 March 2024. The PubMed, OVID
Embase, OVID Medline and CENTRAL online databases were
searched. A rigorous search strategy was developed to iden-
tify relevant clinical literature that addressed MHT in post-
menopausal women and VTE (Supplementary Material 1).
Searches were dated from the origin of the databases to the
date of the search (20 March 2024). The search was updated
in January 2025. A validated search limiter was used for
searches in OVID Embase and OVID Medline to limit the
search to clinical research [13]. In PubMed, the search was
limited to all clinical trials using the search filter. No restric-
tions were placed on language or publication period in the
initial search strategy.

Studies from the search were screened against strict inclu-
sion and exclusion criteria. Studies were included if they
included postmenopausal women only and studied a group
of postmenopausal women with risk factors for VTE. Included
studies must have assessed use of oral or transdermal estro-
gen, with or without progestogens. They must have had a
control group of women without known risk factors for VTE
or who were not taking MHT. VTE must have been diagnosed
by imaging (either ultrasound Doppler, ventilation-perfusion
lung scan or computed tomography pulmonary angiogram).
All interventional and observational trials were included (ran-
domized controlled trials [RCTs], cohort studies and case-
control studies). Exclusion criteria were that studies included
premenopausal or perimenopausal women, and examined
intranasal, subcutaneous and vaginal administration of MHT
or oral contraceptives. They were also excluded if there was
no appropriate control group or VTE was diagnosed clinically
or biochemically with markers of coagulation. Reviews,
abstracts, case reports, consensus statements and expert
opinions, and full texts that were unable to be sourced in
English were excluded.

Initially, the authors hoped to include RCTs only; however,
on test search runs, it was evident that this would return lim-
ited results. Therefore, the inclusion criteria were expanded to
also include observational studies. Clinically suspected VTE
and biochemical markers of VTE were excluded to reduce
diagnostic bias. If clinicians were unblinded to MHT status,
they may be more likely to clinically suspect VTE or prescribe
anticoagulation based on that information. Perimenopause
was excluded in attempt to reduce heterogeneity of data and
because of the difficulty in providing a precise definition [14].

In this review, women were defined as high risk for VTE if
they were overweight (body mass index [BMI] 25-30kg/m?)
or obese (BMI >30kg/m?), current smokers, had a personal
history of VTE or family history of VTE, had type 2 diabetes,
recent surgery (<3months), personal history of or current
underlying cancer, or had known inherited or acquired
thrombophilia (e.g. antiphospholipid syndrome, factor V
Leiden [FVL], prothrombin gene mutation). The authors
acknowledge that increasing age is a risk factor for VTE, but
no age criteria were applied to the search in an attempt to
avoid narrowing the search results. These risk factors have
been established from interrogation of multiple registries [15]

and used consistently in the literature addressing VTE risk in
the context of MHT [16].

Title and abstract screening and full text review were per-
formed using the Covidence platform. Reporting of the
review followed Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [17]. The
authors planned to extract data using the Extraction 2 tem-
plate; however, due to the heterogeneity of study designs
and data, a blank data extraction sheet was created to
include the study design, methodology, funding resources,
participant details, population description, inclusion criteria,
exclusion criteria, method of recruitment, total number of
participants, and baseline population characteristics including
age, BMI, smoking status, personal history of VTE, family his-
tory of VTE, diabetes, recent surgery (<3 months), personal
history of cancer and known thrombophilia. Intervention
data extracted included the definition of cases, definition of
controls, definition of postmenopause, definition of VTE,
number of participants in the intervention/exposure group
and the dose, route, frequency and form of MHT. Outcome
data extracted included image-diagnosed DVT or PE, the
Odds Ratio (OR), hazard ratio (HR) or relative risk (RR) of VTE
events amongst the exposure/intervention groups compared
with controls.

The quality of the studies was assessed using the
Newcastle-Ottawa Scale (NOS) risk of bias tool [18] and the
Cochrane risk-of-bias tool (RoB2) for the randomized trials
[19]. The NOS is a validated tool for assessing risk of bias in
non-randomized studies. This tool was chosen given that
most papers included in the review were case—control stud-
ies. The RoB2 tool was chosen to address risk of bias in the
three randomized trials. Both tools were used to address the
study which contained a nested case—control within an RCT.
Two reviewers performed screening, full text review, data
extraction and risk of bias, and conflicts were resolved with a
third reviewer.

Results

A total of 1271 studies were obtained from the search strat-
egy: 509 were duplicates, and 762 were screened. A total of
730 studies were excluded due to the title and abstracts not
being relevant to the review (wrong study design or the
study not addressing VTE risk in the postmenopausal cohort).
Thirty-two studies were reviewed in full, and 10 studies were
included in the systematic review. The reasons for exclusion
of 22 studies are outlined in the PRISMA diagram (Figure 1).
The updated search in January 2025 identified a further 49
studies, but none fulfilled our inclusion criteria and therefore
no further studies were included for analysis. Risk of bias
scores according to the NOS were 8-9 for all studies with
overall low risk in the RoB tool (see Supplementary Material 2).

Six studies were case—control studies, two were random-
ized double-blinded, placebo-controlled trials (RCTs), one
contained a nested case-control study within a double-blinded
RCT and one study was a retrospective cohort study. Seven
of the 10 studies included used data from an index study.
Interestingly, all studies collected data as early as 1993 and
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram. VTE, venous thromboembolism.

as late as 2008 and were predominantly performed in the
USA, Canada, France and the Netherlands. No studies found
in our search presented data collected after 2008 despite the
search being conducted from the database origin to the cur-
rent date (4 February 2025). All studies were conducted in
the Caucasian population and therefore results from these
are only applicable to western women. Appendix Table A1
outlines the study characteristics, design, inclusion and

exclusion criteria, primary outcome measure, duration of
follow-up and exposure data that were either reported in the
studies or sought from index studies cited.

The average age range of participants included in studies
was 55-74years. Nine out of 10 studies reported patient
characteristics such as age, BMI, current smoking status, per-
sonal history of VTE and family history of VTE. Three studies
provided information relating to known thrombophilia
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(Appendix Table A1). All studies provided clear definition of
postmenopause and venous thrombosis. The increased risk of
VTE in all case-control studies was reported as ORs with ref-
erence groups being women not on MHT and with or with-
out the studied risk factor. The RCT data were reported as
either the HR or RR and the cohort study data were reported
as the HR (Supplementary Material 3).

When extracting exposure data, there was very clear het-
erogeneity in the type of MHT used between studies, and
often unclear delineation of the number of participants using
estrogen in combination with progestogen and the type of
progestogen used (Appendix Table A1). Oral estrogen types
included conjugated equine estrogen (CEE), esterified estro-
gens or 17B-estradiol. Progestogens included either medroxy-
progesterone, norethisterone or micronized progesterone.
Some studies did not define the MHT type further than sim-
ply stating ‘oral estrogen’ or ‘oral estrogen plus progestogen’
Furthermore, when reporting outcome data, many studies
did not report VTE data according to the specific MHT type
and route of administration but grouped all MHT use together
(Appendix Table A1 and Supplementary Material 3). Appendix
Table A2 presents the increased risk of VTE found in individ-
ual studies according to the underlying risk factors for VTE
and type of MHT studied.

Two studies included patients using anticoagulants [20,21].
Four studies did not specify and five studies excluded those
using anticoagulants. Grady et als randomized, double-blinded
controlled trial included patients on aspirin and warfarin, but
there was no statistical difference in the proportion of users
between treatment and placebo groups [20]. Hurbanek et al’s
study included patients receiving pharmacological antithrom-
botic prophylaxis and found that cases were less likely than
controls to receive prophylaxis, potentially contributing to
higher rates of DVT and/or PE within 45days of surgery in
cases [21].

Overweight/obesity

Two studies examined the increased risk of VTE in overweight
(BMI 25-30kg/m?) and obese (BMI >30kg/m?) women taking
MHT [22,23]. Canonico et al. referenced the ESTHER study,
which studied women taking mainly oral 173-estradiol 1.5mg
daily (two participants used CEE) or 50 pg transdermally with
or without a progestogen (15% participants used estrogen
alone) [23]. Cushman et al. examined only women using oral
CEE (0.625mg/day) plus medroxyprogesterone acetate (MPA)
(2.5mg/day) [22]. Using non-users of same BMI group as the
reference group, women with a BMI of 25-30kg/m? taking
oral estradiol alone had an OR for VTE of 3.70 (confidence
interval [Cl] 1.30-11.00) and that for transdermal estradiol
was 1.10 (Cl 0.50-2.10) [23]. The HR for those taking CEE + MPA
was 3.80 (Cl 2.08-6.94) [22]. In women with BMI > 30kg/m?,
the OR for VTE in women taking oral estradiol alone was 5.1
(CI 1.20-22.00) and for transdermal estrogen was 1.40 (Cl
0.50-3.50) [23]. The HR for women taking oral CEE+MPA was
561 (Cl 3.12-10.11) [22]. Given these results, transdermal
estrogen confers no additional VTE risk in women with
BMI > 25.

Smoking

Only one study examined the increased risk of VTE in smok-
ers using either CEE 0.625mg/day or esterified estrogen [24].
In this study, 9.9% of participants used a progestogen, almost
exclusively MPA. Using current smokers not on MHT as the
reference group, Blondon et al. reported a non-significant OR
of 1.60 (Cl 1.00-2.62) for current smokers on any MHT [24].
Using never smokers not on MHT as a reference group,
women on oral estrogen only had an OR for VTE of 1.73 (Cl
1.03-2.91). This study concluded that there was no sugges-
tion of additive interaction between smoking and MHT.

Genetic thrombophilia

Five studies examined the risk of VTE in women with under-
lying thrombophilia (any), FVL or prothrombin gene mutation
(Prothrombin 20210) [22,25-28]. All studies assessed oral
estrogen or oral estrogen+progesterone, but only one study
examined the effects of transdermal estrogen [25].

Any thrombophilia

In the analysis of EVTET data, an RCT that was terminated
early due to increased VTE recurrence in women receiving
oral 2mg estradiol + 1mg norethisterone, it was found that
of eight women who suffered recurrent VTE, five tested pos-
itive for thrombophilia. Two women were FVL heterozygous,
one FVL homozygous and two had anticardiolipin antibodies.
It was reported for women with any thrombophilia and a his-
tory of VTE that the RR of VTE recurrence on MHT (oral estra-
diol + norethisterone) was 2.60 (Cl 1.30-5.04) compared with
women not on MHT with no thrombophilia. Women were
excluded from the study if they were currently taking antico-
agulants or had been within the last 3 months [26].

Factor V Leiden (genotype not specified)

Douketis et al. examined the outcome of DVT alone (not PE)
and classified MHT users as either oral estrogen-progestin,
oral estrogen only or transdermal users. Unfortunately, the
authors did not report the types of estrogen/progestogens
used [27]. For women with FVL (genotype not specified), the
OR for DVT without MHT was 5.30 (Cl 1.90-15.40) [27]. For
women on oral estrogen + progesterone with FVL, the OR for
DVT was 17.10 (Cl 3.70-78.00) compared to MHT non-users
without the mutation [27]. Curb et al. reported that women
on CEE with FVL (homozygous and heterozygous) had an OR
of 4.00 (Cl 1.07-14.97) for VTE [28].

Straczek et al. studied women using either CEE or oral
17B-estradiol or transdermal estrogen alone [25]. Compared
to non-users with FVL, the OR for VTE was 6.30 (Cl 1.40-
27.60) for oral estrogen use (CEE or 17(3-estradiol). However,
those using transdermal estrogen alone had no significant
increased risk of VTE (OR 1.80, Cl 0.50-6.30) [25].

Factor V Leiden (heterozygous)
For women with FVL (heterozygous), the OR for VTE was 4.00
(Cl 1.07-14.97) for oral CEE use (compared with women on
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placebo with FVL) [28] and 2.60 (CI 1.30-5.20) for oral
CEE + MPA (compared with women on placebo with FVL) [22].
In an analysis of EVTET data, the RR of VTE for women with
previous VTE on estradiol + norethisterone and FVL (heterozy-
gous) was 1.40 (Cl 0.40-5.30), which was a non-significant
excess risk recurrence as compared with no thrombo-
philia [26].

Factor V Leiden (homozygous)

Only one study separated data for women with FVL (homo-
zygous) and found an OR of 7.50 (Cl 0.60-87.80) for women
taking CEE+MPA when compared with women on placebo
with FVL (homozygous) [22].

Prothrombin gene mutation

Three studies examined women with prothrombin gene
mutation. In women with the mutation (homozygous+ het-
erozygous), taking CEE alone led to an OR for VTE of 2.61 (Cl
0.42-16.11) when compared with women with the mutation
taking placebo [28]. Among those taking CEE+MPA, the OR
for VTE was 2.43 (Cl 1.59-3.70) compared to placebo in those
with the mutation [22]. When compared with non-users who
had the mutation, transdermal estrogen use had no signifi-
cant increased risk (OR 0.50, Cl 0.10-2.20) [25].

Previous VTE

Two studies examined the risk of VTE in women with a prior
history of VTE [26,29]. In an RCT that was terminated early,
the incidence rate per 100 patient years in women taking
oral estradiol plus norethisterone was 8.50 (CI 2.60-14.40)
compared with 1.1 (Cl 0.00-3.20) in women taking placebo
[26]. This study reported an identified overall rate of throm-
bophilia amongst women with recurrent VTE as 25%, with
the majority (16.5%) of women having heterozygous FVL. In
the retrospective cohort study, the HR of VTE in women tak-
ing oral estrogen was 6.40 (Cl 1.50-27.30), and transdermal
estrogen and transdermal estrogen plus micronized proges-
terone had no significant difference (HR 1.10, Cl 0.20-8.10
and HR 1.00, CI 0.30-3.20, respectively). Transdermal estrogen
plus norpregnane derivatives had an HR of 4.70 (ClI 1.10-
20.00) [29], suggesting that norpregnane derivatives play a
role in VTE risk.

Recent surgery

Recent surgery (<3months) was addressed in two studies.
One of these poorly defined the postmenopausal status and
did not report any significant increased risk of VTE in women
on oral estrogen, oral estrogen + progesterone or transdermal
estrogen (OR 0.77, 0.64 and 0.60 respectively) [21]. Although
this study met the inclusion criteria for the review, the study
scored poorly in the risk of bias assessment (Appendix Table
A2) making the conclusions drawn difficult to interpret. A
higher quality RCT reported an HR of 4.90 (Cl 2.00-9.80) in
women on CEE+MPA who underwent inpatient surgery in
the previous 3 months. This study also reported an HR of 5.60
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(Cl 0.70-43.80) for those with recent hip fracture and an HR
of 18.10 (Cl 5.40-60.40) for other lower extremity fractures in
women on CEE+MPA [20]. These data suggest that women
on oral estrogen+ progesterone MHT should consider with-
holding MHT in the context of recent hip fracture or lower
extremity fracture unless adequate anticoagulant is instituted.

Discussion

This systematic review is the first of its study design in the
literature to review the available evidence surrounding the
risk of VTE in women with background risk factors for VTE
and taking MHT. What is clear from the results of this review
is that there is heterogeneity among studies and a lack of
studies providing data after 2008. There was significant het-
erogeneity in the study design, definition of menopause,
type of MHT studied and the underlying risk factor for VTE
that was studied. Even where studies examined the same risk
factor (i.e. thrombophilia, FVL, prothrombin gene mutation),
the form, dose and route of administration varied between
studies. Due to large clinical and methodological heterogene-
ity, we opted not to conduct a meta-analysis and test for
heterogeneity as it would be difficult to derive reliable pooled
estimates. Instead, we provided a comprehensive narrative
synthesis in an attempt to discuss the findings and implica-
tions of the individual studies.

Drawing from the data synthesized in this review, caution
and adequate counseling should be undertaken when con-
sidering oral estrogen with or without progesterone in
women with BMI 25-30kg/m? and avoided in women with
BMI >35kg/m?2.

Although smoking was found to have no interaction with
MHT, it increases the risk of arterial cardiovascular disease
and oral estrogens can increase the incidence of stroke and
coronary heart disease, so caution is advised in prescribing
oral MHT to this population. In women with FVL, oral estro-
gen with or without progestogens should not be prescribed.
Transdermal estrogen use confers no additional risk (com-
pared to their already elevated background risk of VTE). In
women with previous VTE, transdermal estrogen plus micron-
ized progesterone appears to be safe.

In women without risk factors for VTE, MHT increases the
background risk of VTE with combined oral preparations con-
ferring the highest risk. Amongst oral estrogens, CEE is high-
est risk with estradiol preparations being lower risk.
Transdermal MHT is not associated with any increased VTE
risk amongst women without risk factors for VTE [30]. The
data presented from this systematic review followed a similar
pattern to this literature. Despite the underlying risk factors
assessed, combined oral preparations and oral estrogen-only
preparations conferred the higher increased risks of VTE, with
transdermal estrogen adding no additional significant risk for
VTE among women with defined risk factors (except when
combined with norpregnane derivatives).

Despite searching up to the current date, all studies that
qualified for inclusion in this systematic review were con-
ducted or used data collected between 1993 and 2008.
Prescribing practices at this time were primarily oral
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estrogens or oral estrogen+progestogen as reflected in the
data. Where oral estrogen was studied, CEE, estradiol or
esterified estrogens were prescribed in mean doses of
0.625mg/day, 2mg/day and 1.5mg/day, respectively [20,22-
26,28]. Prescribing practices have changed considerably since
2010. Overall, there is an increase in first-users of MHT and a
particularly sharp increase in those using transdermal prepa-
rations [31]. This highlights the need for more contemporary
studies that reflect current prescribing practices, particularly
in women with risk factors for VTE.

Overall, the results from this review suggest that in women
who have undergone recent surgery, with BMI of 25-30kg/
m? or >30kg/m?, with prothrombin gene mutation or with a
personal history of VTE or FVL, the use of transdermal estro-
gen with or without micronized progesterone confers no sig-
nificant increased risk of VTE.

When considering prescribing oral preparations, combined
preparations are higher risk and use should be avoided in
women with FVL (homozygous) (17-fold increased risk of
VTE) and heavily cautioned in women with BMI >25kg/m?,
FVL (heterozygous) and prothrombin gene mutation as this
significantly increases the risk of VTE (2.5-fold to 5-fold). If
oral estrogens are prescribed, esterified estrogens seem be to
be safer than 17B-estradiol, with CEE conferring greatest risk
with respect to VTE. It is important to note that most studies
in this review stated use of anticoagulants (or recent use) in
their exclusion criteria and therefore the safety of these
preparations in the context of anticoagulation is likely to be
improved.

The strengths of this study include a rigorous and com-
prehensive protocol following PRISMA guidelines that ensured
most clinical studies were captured and relevant papers
included/excluded by two independent reviewers, with a
third to resolve conflicts. The inclusion criteria of postmeno-
pausal women with a clear definition of image-diagnosed
VTE ensured that results bias was minimized and studies con-
taining data that were potentially overestimating risk were
not included.

The authors chose to exclude studies not published in
English or lacking full text. This is acknowledged as a limita-
tion of the study, and although attempts were made through
affiliations to obtain these, there were only four papers
excluded for this reason at the stage of title and abstract
screening. Two risk of bias tools were selected for this review.
The NOS is validated for case-control and cohort studies, but
is not the most appropriate tool to assess quality for the RCTs
included in the review. Therefore, RoB2 was used for these.
Finally, there was variation in the study design, forms and
preparations of MHT used between studies. This made it diffi-
cult to provide any meaningful subgroup analyses and is a
limitation of this review. This highlights the authors’ position
that there is a need for contemporary, robust studies that
clearly define the population, underlying risk factors for VTE,
and form, dose and route of administration of MHT, with par-
ticular attention paid to transdermal administration of estrogen.
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