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A B S T R A C T

Introduction: Hormone therapy (HT) is an effective treatment for climacteric symptoms. Nevertheless, combined
estrogen-progestin therapy and the oral route seem to entail higher risk of venous thromboembolism (VTE) than
estrogen-only therapy and transdermal administration. The present study aimed to investigate the risk of
thromboembolic events in postmenopausal women using non-oral estrogen compared to women using oral es-
trogen and control groups (women receiving placebo or non-users of HT), as well as to assess the thrombotic
impact of estrogens alone vs. combined estrogen-progestin therapy.
Materials and methods: Systematic review of MEDLINE, Cochrane CENTRAL, EMBASE, and ClinicalTrials.gov
according to PRISMA guidelines.
Results: Twenty-two studies were included in the meta-analyses (9 case-control studies, 9 cohort studies, and 4
randomized controlled trials). As compared to control groups, VTE risk was not increased with non-oral HT,
including users of estrogens and estrogens plus progestins (OR 0.97 [0.9–1.06]), non-oral estrogen therapy (ET)-
only (OR 0.95 [0.81–1.10]), and non-oral combined estrogen-progestin therapy (OR 0.92 [0.77–1.09]).
Conversely, increased risk of VTE was observed as compared with control groups in users of oral HT, including
users of estrogens and estrogens plus progestins HT (OR 1.72 [1.47–2.01]), oral ET-only (OR 1.43 [1.34–1.53]),
and combined oral estrogen-progestin HT (OR 2.35 [1.9–2.9]). The comparison of non-oral vs. oral HT showed
increased VTE risk with oral HT (OR 1.66 [1.39–1.98]).
Conclusions: VTE risk was increased in postmenopausal women with no previous thromboembolic events using
oral HT. Non-oral HT did not significantly affect this risk. The quality of the evidence produced in our meta-
analyses is low to moderate, and further clinical trials are needed to sort out the impact of different types of
progestin and different estrogen doses and administration routes on VTE risk.

1. Introduction

Hormone therapy (HT) is the most effective treatment for relieving
climacteric symptoms, which affect up to 75% of menopausal women
[1]. Vasomotor symptoms such as hot flushes and night sweats, which
are the main complaints of menopausal women, can be disabling,
leading to significant impairment of quality of life [2]. For some time,
treatment of these symptoms relied mostly on oral estrogen-progestin

therapy [3]. However, in 2002 the results of the Women's Health In-
itiative (WHI) raised concerns about the risk of cardiovascular disease
and venous thromboembolism in association with this combined
scheme [4]. Since then, further evidence has been produced suggesting
that the risk of thromboembolic events might be higher in users of
combined estrogen-progestin therapy than in users of estrogen-only
therapy [5,6].

In addition, observational studies have shown that the risk of
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thromboembolic events is lower with transdermal estrogen therapy
(ET) than oral therapy [7,8]. The prothrombotic impact of oral ET is
related to first-pass metabolism, which induces undesirable effects such
as increased triglyceride levels, decreased low-density lipoprotein par-
ticle size, and production of some coagulation factors and C-reactive
protein [9,10]. The fact that these changes are not observed with
transdermal therapy may be clinically relevant to patients at high risk
of thromboembolic events [11,12].

In turn, the role of progestins in thromboembolic risk is still un-
certain [13]. Progestins are used in HT exclusively for endometrial
protection in non-hysterectomized women, and are associated with a
decreased risk of endometrial hyperplasia and cancer. Different pro-
gestins have distinct pharmacological properties and clinical effects
[14], with well-documented consequences of hormone contraceptives
for the coagulation system and variable impacts on vessel blood flow
and prothrombotic state [15–18].

Despite these observations, currently available information re-
garding the prevalence of thromboembolic events in users of HT is in-
conclusive [19–21]. In the present study, we reviewed the existing
evidence about the risk of thromboembolic events in postmenopausal
women using non-oral estrogen compared to placebo and to oral es-
trogen, and analyzed studies comparing the thrombotic impact of es-
trogens alone vs. combined estrogen-progestin therapy.

2. Materials and methods

This study was performed in accordance with Cochrane
Collaboration guidelines and the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) [22]. The review
protocol and all data used in the analyses are available in the text, ta-
bles, and figures.

2.1. Eligibility criteria, search strategy, and study selection

We gathered data from clinical trials and from case-control and
cohort studies designed to assess venous thromboembolism (VTE)
(pulmonary embolism and/or deep vein thrombosis) in postmenopausal
women using oral or non-oral HT. Women receiving placebo or non-
users of HT were considered as control groups. For clinical trials and
cohort studies, only works including postmenopausal women with no
previous VTE were selected. For multiple articles on the same sample,
we selected the article containing the most complete information.
Eligibility assessment was performed independently in an unblinded,
standardized manner by two reviewers, and inconsistencies were set-
tled by a third reviewer.

MEDLINE, Cochrane Central Register of Controlled Trials (Cochrane
CENTRAL accessed through Wiley Science), and EMBASE were sear-
ched for studies published until February 2017. We also searched
http://ClinicalTrials.gov to retrieve RCTs with unpublished results. The
following medical subject headings (MeSH) were used in the search:
postmenopause OR menopause AND “estrogen replacement therapy”
OR “hormone replacement therapy” AND “pulmonary embolism” OR
“venous thromboembolism” OR thromboembolism.

2.2. Data extraction and quality assessment

Titles and abstracts were independently evaluated by two in-
vestigators (D.R. and T.M.F.), who also selected the articles for inclu-
sion in the analyses. When necessary, these investigators evaluated the
full text of articles. Disagreements were resolved by consensus or by
consultation with a third reviewer (P.M.S.). If the required data were
not located in the published article, authors were contacted to provide
the missing information.

The following data were collected: first author and study group,
publication year, number of patients, mean age, time since menopause,
pre-existing disease, medications, country of study, number of

participants, detailed interventions, type of control (placebo or no
treatment), duration of follow-up, and outcome. Non-adjusted VTE risk
estimates were extracted from the studies.

Two investigators (D.R and R.B.R) used the Newcastle-Ottawa Scale
(NOS) to assess the quality of the case control and cohort studies in-
cluded in the meta-analyses (Table 1). This scale uses a “star system”
according to which included studies are judged on three broad per-
spectives: selection of the study groups; comparability of the groups;
and ascertainment of outcome of interest.

2.3. Statistical analysis

Statistical analysis was performed using R version 3.3.0 (R
Foundation for Statistical Computing, Vienna, Austria). Meta-analyses
were run in R using the meta for package [23]. The odds ratio (OR) with
95% confidence intervals (CIs) was used as the effect size estimator.
Because of the differences in study design and sample characteristics,
considerable heterogeneity was expected between the studies. There-
fore, the pooled OR was calculated using random-effects models with
the DerSimionian-Laird estimator [24], which is based on a normal
distribution.

Heterogeneity in effect sizes across studies was assessed using the I2

statistic and Cochran's Q test (with p < 0.10 indicating significant
heterogeneity) [25]. Risk of publication bias was assessed using funnel
plot graphics, analyzed both visually and with the Egger test. The sig-
nificance of the intercept was evaluated by t-test, with p < 0.10 in-
dicating significant publication bias [26].

3. Results

3.1. Study selection

Fig. 1 provides details of the study selection. The initial search
identified 836 articles. After title and abstract screening and exclusion
of duplicates, 43 potentially eligible studies were retrieved for full text
review. Of these 43 articles, 21 were excluded: 13 did not report on the
outcome of interest (VTE) and eight included women with cardiovas-
cular disease or previous VTE. Therefore, 22 studies were included in
the meta-analyses [4,6–8, 27–44]. Of these, nine were case-control

Table 1
Newcastle-Ottawa Scale (NOS) and quality of the studies included in the meta-
analysisa.

Study Selection Comparability Exposure

Daly 1996 [27] ** * ***
Jick 1996 [28] ** * ***
Grodstein 1996 [33] * * ***
Pérez Gutthann 1997 [29] **** * ***
WHI I 2002 [4] **** * ***
Scarabin 2003 [7] *** * ***
WHI II 2004 [34] **** * ***
Douketis 2005 [6] ** * ***
ESTHER 2007 [8] ** * ***
WISDOM 2007 [35] **** * ***
Schneider 2009 [36] **** * ***
Ohira, 2010 [38] **** * ***
E3N 2010 [37] **** * ***
Renoux 2010 [30] **** * ***
Laliberte 2012 [39] *** * ***
MILLION 2012 [40] **** * ***
Schierbeck, 2012 [41] **** * ***
Roach 2013 [31] **** * ***
Lee 2015 [42] **** * ***
Bergendal 2016 [32] **** * ***
Dinger 2016 [43] ** * ***
Simon 2016 [44] ** * ***

a Quality of selection (minimum 1–maximum 4 stars); comparability
(minimum 0–maximum 1 star); exposure (minimum 1–maximum 3 stars).
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studies investigating the occurrence of VTE in postmenopausal using
oral or non-oral HT as compared to controls [6–8, 27–32]. Nine cohort
studies were also included. In these studies, postmenopausal women
who were not using HT were compared to postmenopausal women
using oral or non-oral HT [33,36–40, 42–44]. Finally, four randomized
controlled trials (RCTs) were included. These RCTs assessed the risk of
VTE with oral HT, but not with non-oral HT [4,34,35,41].

3.2. Description of the studies

Table 2 summarizes the characteristics of the nine case-control
studies. Table 3 describes the nine cohort studies and the four RCTs
included in the meta-analyses.

VTE was defined as any thromboembolic outcome (pulmonary
embolism and/or deep vein thrombosis) in women without previous
events. One study did not inform the age range among the inclusion
criteria [6], but the age of participants was similar to that of the women
included in the other 21 studies (mean age ranging from 48 to
65.9 years). Most studies were performed in European countries, Ca-
nada, and the United States. NOS scores for the included studies ranged
from 5 to 8 (Table 1).

All 22 studies included postmenopausal women with no history of
VTE, with at least one group using oral or non-oral HT. Except for three
studies directly comparing oral vs. non-oral HT [39,43,44], all others
included a control or placebo group. Seven studies
[7,27,30,33,37,38,40] compared never-HT users with past HT users; in
one of these studies [30], past users were stratified according to time
since HT discontinuation. In nine studies [4,28,33–36, 38,41,42], oral
HT was not compared to non-oral HT. Therefore, these studies were

excluded from non-oral HT analyses.
In two RCTs, only women without previous VTE events were in-

cluded [35,41]. The other two RCTs were large trials, WHI I and WHI II
[4,34]. Despite having been designed to evaluate healthy women, ap-
proximately 1% of the participants in these trials had prior VTE, and a
low proportion also had established cardiovascular disease.

In the studies we analyzed, CEE, micronized estradiol, or estradiol
valerate were not stratified for VTE risk. This was also the case for non-
oral HT (17β estradiol in all cases): separate analyses were not per-
formed for patches or gel, and risk was not analyzed according to dose.
Thus, for the present purposes, all oral formulation types were included
in a broad oral HT group. The same was true for non-oral HT, i.e., all
doses and presentations were analyzed as a single non-oral HT group.

Nine of the 22 studies [6,7,28,30–32, 35,40,42] provided data re-
garding subgroups of users or non-users of progestins. Therefore, in
addition to evaluating the impact of estrogen route on VTE risk, the
impact on VTE risk of adding progestins to estrogen therapy was also
analyzed. Seven studies [4,8,31,35–37, 40] described the type of pro-
gestin added to estrogen therapy, but did not provide information on
the number of women receiving estrogen combined with these pro-
gestins or estrogen only. Therefore, a meta-analysis of progestin sub-
groups was not possible.

Seven studies [7,27,30,33,37,38,40] compared never-HT users with
past HT users (oral route only). Six of them did not report changes in
VTE risk when never users and past users were compared (Supple-
mental Table). One study reported a slight, but significant increase in
risk of VTE in past HT users (relative risk [RR] 1.11 95%CI 1.04–1.19)
[30]. That study [30] also stratified the past user group according to
time since therapy discontinuation, and showed increased VTE risk

836 articles identified in 

initial search: 

400 EMBASE/Cochrane 

436 Pubmed 

43 relevant studies for full-

text assessment 

22 articles: 

9 case-control 

9 cohort 

4 RCT 

49 duplicate abstracts deleted 

744 articles excluded after title/ 

abstract screening for not 

meeting inclusion criteria or for 

meeting exclusion criteria

13 articles without VTE outcome 

8 including women with CVD or 

history of VTE 

Fig. 1. Flow diagram of the study selection process.
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compared to never users in past HT users who had discontinued oral HT
for≤4months (RR past users: 1.43 [95%CI 1.23–1.66]; RR never users:
1.27 [95%CI 1.11–1.45]). However, the study reported that> 4
months of oral HT discontinuation rendered past user VTE risk similar
to that of never users (RR 0.98 [95%CI 0.87–1.11]).

3.3. Data synthesis and meta-analyses

Meta-analyses were performed to evaluate two aspects: risk of any
VTE event in postmenopausal women using HT considering adminis-
tration route (oral vs. non-oral HT); and risk of any VTE event con-
sidering use of estrogen only vs. combined use of estrogen-progestin.

3.3.1. Non-oral HT vs. control groups
We performed three analyses with non-oral HT users to assess the

risk of VTE. First we analyzed non-oral HT, including women receiving
placebo or users of estrogens and estrogens plus progestins, to control
groups (Fig. 2A). Data from nine studies [6,8,27,29–32, 37,40] were
available for this analysis, totaling 740,722 control women and 80,433
non-oral HT users. The risk of VTE did not increase with non-oral HT
(OR 0.97 [0.9–1.06]). Heterogeneity between the studies was 0%.

The second analysis compared users of non-oral ET-only with a
control group (Fig. 2B). Six studies were included [6,7,30–32, 40], to-
taling 702,813 non-users and 42,884 users of non-oral ET. No increase
in risk of VTE was detected in users of non-oral ET-only (OR 0.95
[0.81–1.10]). Heterogeneity between the studies was low (I2 14%).

The third analysis focused on data from five studies [7,30–32, 40]
describing VTE risk in users of non-oral combined HT (estrogen plus
progestin) (Fig. 2C), totaling 10,573 users vs. 702,327 non-users of HT.
Again, no increase in risk of VTE events was observed (OR 0.92
[0.77–1.09]). Between-study heterogeneity was 0%.

3.3.2. Oral HT vs. control groups
Similar analyses were performed to assess VTE risk with oral HT.

Eighteen studies [4,6,8,27–38, 40–42] were included, totaling 252,538
women receiving oral HT (ET-only or estrogen plus progestin) and
868,514 women without HT (Fig. 3A). Increased risk of VTE was de-
tected (OR 1.72 [1.47–2.01]). Between-study heterogeneity was high
(I2 86%).

Considering women using oral ET-only, 10 studies were included in
the analysis [6,7,28,30–32, 34,35,40,42], with 80,313 ET-only users
and 783,888 non-users (Fig. 3B). Again, an increased risk of VTE was
detected in ET-only users (OR 1.43 [1.34–1.53]). Between-study het-
erogeneity was 0%.

The analysis of combined oral HT users vs. controls (Fig. 3C) in-
cluded data from 10 studies [4,6,7,28,30–32, 35,40,42], with 786,561
control women and 153,426 combined oral HT users. An increase
greater than twofold in the risk of VTE was found in the group of
combined oral HT users (OR 2.35 [1.9–2.9]). Between-study hetero-
geneity was high (I2 88%).

3.3.3. Non-oral HT vs. oral HT
Twelve studies were analyzed [6,8,27,29–32, 37,39,40,43,44], in-

cluding case-control studies, cohort studies, and RCTs (Fig. 4A), for a
total of 113,059 women using non-oral HT and 281,018 using oral HT.
VTE risk was increased with oral HT (OR 1.66 [1.39–1.98], I2 58%).

The next step was a sensitivity analysis. This sensitivity analysis was
restricted to studies including participants without risk factors for VTE,
cancer, previous HT use, or use of other (oral) HT-containing co-med-
ication or other medication (aspirin) that could possibly influence VTE
risk. A total of 33.024 users of non-oral HT and 57.793 users of oral HT
from seven studies were considered [6,8,31,32,39,43,44] (Fig. 4B). In
this analysis, higher risk of VTE was maintained for oral HT users (OR
1.80 [1.35–2.39] I2 46%).

Publication bias may have occurred in the comparisons of controls
vs. combined oral HT users (Fig. 5-F) (p < 0.10). Conversely, no

publication bias was detected in any other comparisons (p≥ 0.10;
Fig. 5A–H).

4. Discussion

The present systematic review with meta-analysis, including 22
studies, detected increased risk of VTE associated with oral ET, espe-
cially when combined with progestins. In contrast, patients using
transdermal HT had similar risk of VTE events as compared to non-users
of HT. To the best of our knowledge, this is the first systematic review
with meta-analysis about VTE risk in postmenopausal women using HT
that strictly included studies with participants who did not have pre-
vious VTE events.

Indeed, while oral HT was associated with a 1.7-fold increase in the
risk of VTE compared to not using HT, non-oral HT did not significantly
influence thrombotic events. These findings are supported by our meta-
analyses comparing non-oral vs. oral HT, which also showed an in-
creased risk of VTE with oral HT. A sensitivity analysis including only
studies whose participants did not have risk factors for VTE, cancer, or
previous HT use further confirmed the higher risk of VTE with oral HT
as compared to non-oral HT. This is important because these factors
would be likely to influence VTE risk.

A previous meta-analysis comparing users of oral or non-oral HT vs.
non-users of HT (8 observational studies and nine RCTs) concluded that
the risk of VTE was substantially increased in relation to oral estrogen
use, whereas no additional risk was detected with transdermal estrogen
use [19]. However, in that meta-analysis, only four studies assessed the
risk of VTE in relation to non-oral estrogen therapy [6,8,27,29]. More
recently, a review of observational studies [45] confirmed the positive
link between oral estrogen and VTE risk, even in low doses, mainly in
women at increased risk for VTE. No association between VTE risk and
transdermal estrogen use was detected. Additionally, the analysis of
progestin type showed increased risk of VTE with medrox-
yprogesterone, whereas micronized progesterone appeared to be safe
[45]. Similarly, higher risk of VTE in oral HT users was detected in a
meta-analysis including 16 RCTs [20]. Nevertheless, it should be noted
that some of the 16 RCTs, such as the HERS study, included participants
with previous cardiovascular events [46].

A meta-analysis performed by Mohammed et al. including 15 ob-
servational studies and clinical trials reported a 1.63-fold increase in
risk of VTE with oral HT when compared to non-oral HT [21]. However,
that meta-analysis pooled all the studies regardless of concomitant
progestogen use, and high between-study heterogeneity was reported.
As a consequence of this inconsistency, the quality of the evidence (e.g.,
for the comparison of oral vs. non-oral estrogens) was very low. Since
the publication of the study by Mohammed et al., five new studies di-
rectly comparing the impact of oral vs. non-oral HT on VTE events have
become available and were added to our meta-analyses
[7,29,31,43,44].

Because current evidence suggests that HT is not safe for women
with prior thrombotic events or any other established cardiovascular
disease, we only included studies with postmenopausal women who did
not have diseases that could increase the risk of VTE events. This ex-
clusion criterion is supported by the early termination of the EVTET
study based on circumstantial evidence emerging during the trial which
showed a 10.7% incidence of new thrombotic events in HT users with
previous VTE vs. 2.3% in the placebo group [47].

In contrast, after 6.5 years of follow-up, Olié et al. [48] concluded
that non-oral HT did not increase VTE risk in women who had already
experienced a thromboembolic event. Although recent guidelines also
suggest that the metabolic effects of non-oral HT are less deleterious
effects than those of oral HT, the safety of these preparations in patients
at high cardiovascular risk has not been evaluated in RCTs, and reliable
evidence is still lacking [49,50].

The Endocrine Society Clinical Practice Guideline considers history
of VTE due to pregnancy, oral contraceptives, unknown etiology, or
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blood clotting disorders a contraindication for any ET, whereas VTE due
to past immobility, surgery, or bone fracture would be a contra-
indication for oral but not necessarily transdermal therapy [49]. NICE
guidelines recommend special care with women who experienced pre-
vious VTE events [50]. The decision to offer (or not) HT to these women

is complex and therefore the involvement of a hematologist is re-
commended for assessment of thrombophilia risk, unless anticoagulant
therapy is already in use. Other risk factors should be considered, such
as age, genetic abnormalities, obesity, smoking, and inherited throm-
bophilia, and transdermal rather than oral HT should be the preferred

Fig. 2. Forest plot showing venous thromboembolism events in postmenopausal women using non-oral HT vs. controls. (A) Estrogen-only and combined estrogen and
progestin therapies; (B) non-oral estrogen therapy only; and (C) combined non-oral estrogen plus progestin therapy.
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choice for women at high risk of VTE [51].
Considering that not all of the 22 studies included in the present

systematic review provided details about the main risk factors for VTE
events, we were not able to stratify the risk of VTE according to
smoking, age, or obesity, which may explain the high between-study
heterogeneity detected in some of our analyses. In this sense, Canonico
et al. observed increased risk of VTE with oral HT in the presence of
overweight or obesity, while transdermal estrogen did not confer ad-
ditional risk in this subgroup of women. Therefore, transdermal es-
trogen might be safe regarding thrombotic risk, particularly among
obese women; however, the safety of transdermal estrogen has yet to be
confirmed in randomized trials [51].

VTE is a common disease, with an annual incidence rate of> 1 per
1000 individuals in the general population. Mortality is also high,
particularly when associated with pulmonary embolism [52]. Estab-
lished risk factors for VTE include age, a prior thrombotic event, sur-
gery, trauma, immobilization, prothrombotic mutations, obesity, and
HT [51,53]. Observational studies as well as RCTs consistently de-
monstrate increased risk of VTE with oral HT [4,46]. In the WHI trials,
when the entire cohort was analyzed, estrogen-progestin therapy en-
tailed 18 additional VTE events per 10,000 women per year of therapy,
while estrogen-only therapy entailed 7 additional VTE events per
10,000 women per year of therapy [51]. It should be noted that these
randomized studies have been criticized in relation to patient age

Fig. 3. Forest plot showing venous thromboembolism events in postmenopausal women using non-oral HT vs. controls. (A) Oral estrogen-only and combined
estrogen and progestin therapies; (B) oral estrogen-only; and (C) combined oral estrogen plus progestin therapy.

Fig. 4. Forest plot showing venous thromboembolism events in postmenopausal women using oral HT vs, non-oral HT. (A) Analysis with case-control and cohort
studies and (B) sensitivity analysis including only studies whose participants did not have risk factors for VTE, cancer, or previous HT use.
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(patients were on average 10 years older than the age at which HT is
usually recommended) and hormone regimen (a fixed regimen was
employed, without variation in terms of drugs, dose, and administration
route) [54].

Indeed, the route of HT administration may induce different impacts
on hemostatic parameters and may explain the differences in the in-
tensity of activated protein C (APC) resistance and the risk of VTE
[55,56]; by inactivating factors Va and VIIIa, APC plays a role in an-
ticoagulation. As discussed by Olié et al. [57], APC resistance in hor-
mone users has not yet been fully explained, with protein S and tissue
factor pathway inhibitor (TFPI) being likely candidates to explain this
association. In that sense, evidence is available regarding decreased
protein S levels in postmenopausal women using oral estrogens [57].

In the present meta-analyses, VTE risk was not increased in non-oral
HT groups, regardless of the addition of progestins. However, the
combination of progestins and oral ET was associated with additional
increases in the risk of VTE. Little is known about the mechanisms that
determine a deleterious effect of combining progestins and oral ET on
the risk of VTE. The different progestin molecules and the various HT
combinations for treating menopausal women contribute to this un-
certainty. Sare et al. compared the risk of VTE linked to ET-only or

combined estrogen-progestin HT in postmenopausal women and con-
cluded that the association of a progestin increased VTE risk. However,
additional sub-analyses for transdermal therapy and progestogen types
were not available [20]. In fact, some evidence suggests that progestin-
related VTE risk depends on the type of molecule and should not be
viewed as a class effect. Recent data have shown that nor-pregnane
derivatives, but not micronized progesterone, increase the risk of VTE
among transdermal estrogen users [58]. In the E3N study, Canonico
et al. also showed different thrombotic risk according to the type of
progestin. While micronized progesterone, pregnane derivatives, or
nortestosterone derivatives were not significantly associated with VTE
risk, norpregnane derivatives increased thrombotic risk (HR 1.8; 95%
CI 1.2–2.7) [37]. Moreover, micronized progesterone added to trans-
dermal ET seemed not to interfere with APC action while norpregnane
derivatives affected APC resistance, possibly activating blood coagula-
tion [59].

Our data suggest that oral estrogen administration is linked to in-
creased risk of VTE independently of progestin use. In turn, substantial
heterogeneity in the analyses of the oral HT vs. control groups and
moderate heterogeneity in the analyses of oral vs. non-oral HT groups
was found, possibly due to differences in progestin type and dose in the

Fig. 5. Funnel plots for risk of publication bias for: (A) controls vs. non-oral HT, (B) controls vs. non-oral ET-only, (C) controls vs. non-oral combined HT, (D) controls
vs. oral HT, (E) controls vs. oral ET-only, (F) controls vs. oral combined HT, (G) non-oral HT vs. oral HT, and (H) non-oral HT vs. oral HT in studies whose participants
did not have risk factors for VTE, cancer, or previous HT use.

D. Rovinski et al. Thrombosis Research 168 (2018) 83–95

93



oral HT group analyses. However, we were unable to determine whe-
ther specific progestins could alter the risk of VTE, since few of the
studies we reviewed addressed this information. Therefore, the quality
of the evidence produced in our meta-analyses is low to moderate, and
further RCTs comparing specific progestins added to oral estrogens are
needed in order to shed light on this aspect.

It should be noted that none of the four included RCTs contributed
information on the risk of VTE associated with non-oral HT. In fact, this
assessment was based on data from observational studies that may
present selection biases, since physicians prescribing HT are influenced
by knowledge of VTE risk factors. Therefore, additional clinical trials,
especially those designed to directly compare oral vs. non-oral HT, are
warranted and could produce invaluable results in the context of VTE
risk in the postmenopause.

Other limitations of our work include the small number of studies
available in literature, not allowing us to analyze the effects of different
estradiol doses on VTE risk. However, different doses of HT were
evaluated in a previous meta-analysis performed by our group re-
garding cardiovascular risk factors. In that study, the effect of low-dose
HT did not differ from that of placebo or conventional-dose HT re-
garding weight, BMI, blood pressure, CRP, or HDL-C. In contrast, low-
dose HT was associated with better lipid profile vs. placebo, and in-
duced higher total and LDL-C and lower triglycerides vs. conventional-
dose HT [60].

5. Conclusion

Considering only women without previous VTE events, VTE risk was
increased in oral HT users when compared to non-users, while non-oral
HT did not significantly affect this risk. This finding may suggest less
impact of transdermal HT on VTE risk. However, the quality and design
of the included studies is insufficient to allow any firm conclusion on
the VTE risk of oral vs. non-oral hormone therapy; further clinical trials
with larger populations and longer follow-up periods are needed to sort
out the impact of different types of progestins, in particular micronized
progesterone, and different estrogen doses and administration routes on
VTE risk.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2018.06.014.
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