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Introduction: Venous thromboembolism (VTE) is a potential risk of estrogen therapy.

However, data show an improvement in the quality of life for transgender people who use

feminizing hormone therapy. With few transgender-specific data, guidance may be drawn

from cisgender (nontransgender) data, with a focus on hormonal birth control and postme-

nopausal hormone replacement therapy (HRT). The aim of this review is to examine the

degree to which routes of administration, patient comorbidities, and type of hormone utilized

affect the safety of estrogen therapy.

Methods: We identified 6,349 studies by searching PubMed with the terms “transgender”,

“estrogen”, “VTE”, and “HRT”. Of these, there were only 13 studies between 1989 and 2018

that investigated the effects of hormone therapy, including types of estrogens used, in

transgender women and men.

Results: The data suggest that the route of hormone administration, patient demographics,

and patient comorbidities all affect estrogen’s link with VTE. For example, avoiding ethinyl

estradiol might make the use of hormone therapy in trans feminine individuals safer than oral

birth control. Data from both cis and trans groups suggest additional VTE risk associated

with the use of progestins. While transdermal estrogens dosed up to 0.1 mg/day or below

appear lower risk for VTE than other forms of estrogen, it is unclear whether this is related to

the delivery method or a dose effect. Finally, even if the risk from exogenous estrogen use

remains significant statistically, the absolute clinical risk remains low.

Conclusion: Clinicians should avoid the use of ethinyl estradiol. Additionally, data suggest

that progestins should be avoided for transgender individuals. Further study of the relation-

ship between estrogen use and the risk of VTE will serve to inform the safest care strategies

for transgender individuals.
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Introduction
Venous thromboembolism (VTE) is a known risk of hormone therapy. This risk has

been well established in the gynecologic literature, specifically in studies of com-

bined oral contraceptives (COCs) and postmenopausal hormone regimens in the

cisgender woman.1 However, the nuances of VTE risk in transgender individuals

using hormone therapy are poorly understood.

Many transgender people use hormone therapy to change their bodies to be

more congruent with their gender identity. Data consistently show a significant

improvement in the quality of life for transgender people who initiate hormone

therapy, which is essential in a population that shows incredibly high rates of

attempted suicide.2,3 For example, transgender people utilizing hormones reported
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lower rates of anxiety relative to those not using hor-

mones, and rates decreased enough to be comparable to

the general population.4 For trans masculine individuals,

those whose sex was recorded female at birth and who

identify as men, this involves administration of exogenous

testosterone, and data available to date show no increased

risk of VTE among these individuals.5 Therefore, this

review will focus largely on trans feminine individuals,

those whose sex was recorded male at birth and who

identify as women, where the usual hormone regimens

include combinations of estrogens and antiandrogen

therapies.6,7 Many trans feminine people choose to use

feminizing hormone therapy despite possible increased

VTE risks. Understanding the risks of hormone therapy

for transgender people is essential under these circum-

stances so clinicians can best guide their patients in iden-

tifying and minimizing VTE risks while also improving

the quality of trans feminine individuals’ lives.

Complicating the interpretation of the available data

are considerations regarding the degree that age, estrogen

route of administration, and patient comorbidities may

affect the VTE risk. Many of the studies do not control

for these risk factors.5,7–9

Methods
In accordance with the PRISMA guidelines, we searched

PubMed using the terms “transgender”, “estrogen”, “VTE”,

and “HRT” (hormone replacement therapy) both through the

standard search engine and using MeSH search combinations.

From these combinations, we initially found 6,349 studies.We

excluded studies that related to the effects of hormone therapy

in postmenopausal women and women on birth control, as

well as studies that did not analyze the relationship between

thromboembolic events and hormone replacement therapy in

trans feminine and trans masculine individuals. As a result, the

inclusion criteria included studies that mentioned the type of

hormone utilized, the route of administration, and patient

comorbidities to more comprehensively understand the risk

of VTE.We discovered 13 studies between 1989 and 2018 that

investigated the effects of hormone therapy, including throm-

botic events, in transgender women and men.

Hormone therapy for cisgender
people: venous thromboembolism
and estrogen
With few data directly examining the effects of hormone

therapy on transgender people, some guidance may be

drawn from the available data in cisgender (nontransgen-

der) individuals which focuses on hormonal birth control

and postmenopausal hormone replacement therapy.

Hormonal contraceptives
Most hormonal contraceptives fall into a category termed

“combined oral contraceptives” (COCs) which contain a

combination of ethinyl estradiol and a progestin.

Colloquially, this medication is referred to as “the pill”.

COCs vary in estrogen dose and progestin formulation.

Progestins, in particular, can vary in their estrogenic, anti-

estrogenic, progestational, antiandrogenic, and androgenic

properties. The first documented cases of VTE were pub-

lished in the 1960s.10 Over subsequent years, the link

between hormonal contraceptives and VTE has been

solidified.

The risk for embolic events in hormonal contraceptive

users has been estimated at 3–9 per 10,000 woman-years vs

1–5 per 10,000 woman-years in nonusers.11 The use of oral

contraceptive drugs increases the risk of VTE 3.8-fold (95%

CI 2.4–6.0).12 However, the increased risk of VTE attribu-

table to hormonal contraceptives varies depending on the

estradiol dose and progestin type. The highest risk period

for VTE occurs with new COC use and in women starting or

restarting COC after prolonged discontinuation.13 Progestin-

only pills are not associated with increased VTE risk.14

The initial COCs in the 1950s contained a relatively

high ethinyl estradiol content with 50 µg per pill. Newer

pills contain less ethinyl estradiol, but still may be asso-

ciated with a higher risk of VTE.15 Pills containing the

third-generation progestagen desogestrel have a relative

risk of VTE of 8.7 compared to 2.2 and 3.8 for COCs

with other types of progestogens, such as levonorgestrel.16

COCs with 30 µg of ethinyl estradiol and desogestrel have

an age-adjusted relative risk of 2.5 (95% CI 1.2–5.2)

compared to other COCs, like levonorgestrel.17

In particular, the elevated VTE risk associated with

drospirenone-containing COCs has been the subject of

much debate. Drospirenone is a progestogen that is similar

in structure to spironolactone with antimineralocorticoid

and antiandrogen effects. Two large European studies

demonstrated that, when compared to women taking

COCs with levonorgestrel, women taking drospirenone-

containing COCs suffered a significantly higher rate of

VTE.18 This finding was thought to be related to the obser-

vation that aldosterone modifies hemostasis and leads to

decreased coagulability.19 In light of the apparent connec-

tion between drospirenone and VTE, the US Food and Drug
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Administration (FDA) released a statement indicating that

COCs containing drospirenone may be associated with a

higher risk of VTE compared to other COCs, although the

FDA did not establish causality.20 A subsequent FDA-

funded study published in 2011 came to similar conclusions

as the European trials.13 By contrast, three large prospective

cohort studies, including the European Active Surveillance

Study, a US study of 67,000 new COC users, and the

International Active Surveillance Study of Women Taking

Oral Contraceptives, showed no difference in VTE risk in

drospirinone-containing COCs compared to other COCs.21

Moreover, women who took 24-day regimens of drospire-

none-containing COCs had lower pregnancy rates with

typical use than users of 21-day regimens of other proges-

tin-containing COCs.22

To put the above findings into perspective, it is important

to note that despite the increased risk of VTE in women

treated with COCs compared to nonusers, the VTE risk

associated with COCs is minimal compared to the risk asso-

ciated with pregnancy and the postpartum period. Pregnancy

is associated with a VTE risk of 5–20/10,000 woman-years,

and the postpartum period with a risk of 40–65/10,000

woman-years.13 Physiologic changes occurring during preg-

nancy include an increase in coagulation factors and fibrino-

gen, as well as a decrease in anticoagulants.23,24

The decision to start a patient on hormonal contraception

must take into account that individual’s personal risk factors

for VTE. In particular, much work has been done on char-

acterizing the risks associated with the factor V Leiden

mutation. Compared to women not using the oral contra-

ceptive pill and without factor V leiden mutation, the risk

of women with factor V leiden mutation who also took the

pill was 29-fold higher.12

Additional high-risk factors for VTE in COC users

include the following:

● Smoking and age >35 years
● Less than 21 days postpartum or 21–42 days post-

partum with other risk factors
● Major surgery with prolonged immobilization
● History of deep vein thrombosis or pulmonary embolism
● Hereditary thrombophilia (including antiphospholi-

pid syndrome)
● Inflammatory bowel disease with active or extensive

disease, surgery, immobilization, corticosteroid use,

vitamin deficiencies, or fluid depletion
● Systemic lupus erythematosus with positive (or

unknown) antiphospholipid antibodies

In the above clinical scenarios, the use of hormonal contra-

ception is contraindicated. For other women, the risk of

VTE must be balanced with the benefits provided by

hormonal contraception such as treatment of menstrual

disorders and protection against unwanted pregnancy.

Menopausal hormone replacement
and VTE
Postmenopausal vasomotor symptoms were the first indi-

cation for treatment with exogenous estrogen. In 1942, the

FDA approved the first exogenous estrogen product,

Premarin (a conjugated equine estrogen (CEE)), isolated

from pregnant horse urine for the treatment of “hot

flashes” associated with menopause.

The Women’s Health Initiative was a large observational

study conducted by the National Institutes of Health in the

1990s and early 2000s to address health outcomes associated

with postmenopausal HRT. Over its course, the study enrolled

more than 160,000women and had a budget of $625million.25

Postmenopausal HRT users were found to have 34 clotting

events annually per 10,000 women vs nonusers who had a risk

of 16 events per 10,000 women. This risk persisted throughout

the study and was less apparent in women using estrogen only

(meaning they had undergone hysterectomy and thus did not

require treatment with progestin to prevent endometrial can-

cer). Ultimately, the estrogen/progesterone arm of the

Women’s Health Initiative study was terminated early in

2002 due to concerns of adverse effects.26–28

The Women’s Health Initiative used oral conjugated estro-

gens (Premarin) and medroxyprogesterone acetate in its estro-

gen/progesterone arm, which is of specific interest when

discussing VTE risk. It is now thought that the method of

estrogen administration impacts VTE outcomes. The

ESTHER (Estrogen and Thromboembolism Risk) study sug-

gested that oral, but not transdermal, estradiol increases the

risk of VTE in postmenopausal women.29 Oral estrogens have

a significant first-pass effect, which is possibly what causes

their disproportionate thrombogenic effects. Oral estrogen

increases levels of factor VII, factor VIII, factor X, prothrom-

bin, and fibrinogen, and decreases antithrombin and protein

S.30–32 However, available data compare nonequivalent doses

of transdermal and oral estrogens, so it is unclear whether this

is dose related or route of administration related.

Transgender women and HRT
Analysis of the noted studies suggests that the type of oral

estrogen, hormone route of administration, and patient
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demographics and comorbidities may affect estrogen’s link

with VTE (Table 1). The data also suggest that myocardial

infarction is less frequently observed than stroke, and

venous disease is most prevalent.5,33,34

Different types of estrogen may be associated with

different risk profiles. Ethinyl estradiol, the most common

estrogen in COC pills, has the most data suggesting a link

to VTE. A long-term retrospective study following hor-

mone treatments in 966 transgender women for a median

of 18.5 years found that oral ethinyl estradiol is indepen-

dently associated with a 3-fold increase in cardiovascular

death, including by VTE.9 A cohort study of 816 trans-

gender women further found venous thromboembolic inci-

dents in 41 patients (5.5%), with 40 of those individuals

taking oral ethinyl estradiol and one prescribed transder-

mal estrogen with a prior history of VTE.8

By contrast, CEEs and 17β-estradiol appear much

safer. A cohort of 61 transgender women who were pre-

scribed CEEs did not suffer any venous thromboembolic

events, and neither did another group of 23 transgender

women who were taking an oral estradiol regimen.34 In

one study, however, it was shown that CEEs were corre-

lated with a higher VTE risk than estrogen valerate or

ethinyl estradiol.35 While these data suggest the relative

safety of various oral estrogens relative to ethinyl estra-

diol, more complete trials need to be conducted to further

understand their safety. However, it seems the case that

different oral estrogens do offer varying risk for transgen-

der women, and this is important to consider when evalu-

ating the cardiovascular risk of hormone therapy.

Transdermal estrogen, whether patch or gel, has been

reported to have the least thrombogenic profile in transgender

women, although there are no head-to-head studies with other

estrogen products. In a study of 162 transgender women pre-

scribed transdermal estrogen for an average of 4.4 years, no

VTE occurred.36 This is particularly significant as 18 study

participants were identified to have thrombophilic genetic

mutations at the initiation of hormone therapy.

Oral estrogens seem to have similar effects on surrogate

endpoints in transgender women as they do in cisgender

women. In 23 transgender women taking Premarin over a

span of 6 months, proinflammatory cytokines IL-1, IL-6, IL-

8, and tumor necrosis factor-α were elevated.37 Transdermal

estrogen, on the other hand, has not been reported to increase

proinflammatory cytokines and procoagulant factors, and this

is further corroborated in transgender women.37–39

The pharmacokinetics of transdermal and oral estrogen

could support a model where transdermal estrogens are

safer. However, studies to date do not consider serum

estradiol levels or doses of estrogens used as a potential

contributing risk factor for VTE. All available data use

nonequivalent doses of oral and transdermal estradiol

when making these comparisons. Clinicians often use

doses up to 0.2–0.3 mg/day of transdermal estradiol, and

the highest dose studied is 0.1 mg/day.

Patient demographics and comorbidities also affect

their venous thromboembolic risk profile, including age,

smoking habits, hypertension, thrombophilic conditions,

history of thromboses, and mental illness, among others.

Many of the studies analyzed report coexisting condi-

tions that increase the study participants’ risk for VTE.

Variables that have been noted to exacerbate VTE risk

include smoking, HIV, malignancies, high cholesterol,

clotting disorders, and hypertension. One study showed

that all 11 patients who suffered thromboembolic phenom-

ena were smokers, underwent recent surgery, and/or suf-

fered from dyslipidemia or hypertension.5 Only one study

to date demonstrates an occurrence of VTE in the absence

of risk factors beyond hormone therapy.40

The duration of hormone use has been associated with

an increased risk of VTE. The largest retrospective study

to date found that among the 61 cases (2% of the trans

feminine people on estrogen therapy in the cohort) who

experienced VTE, there was a 4-fold risk increase in the

women who had been taking estrogen for 8 years com-

pared to those who had been taking estrogen for 2 years.33

This study controlled for smoking status, blood pressure,

and history of cardiovascular events but did not address

HIV, which could be a possible confounding variable

between these groups. Additionally, a significant majority

of the participants did not have the dose or method of

administration recorded for their estrogen therapy.

Data suggest a positive correlation between estrogen

use and VTE. A recent review found the overall incidence

rate to be 2.3 events per 1,000 patient-years.41 While this

is a significant increase in risk, the absolute risk remains

relatively low and often does not dissuade patients from

initiating feminizing hormone therapy.

Conclusion
While data on VTE risk in trans feminine individuals on

hormone therapy are underdeveloped, there are several impor-

tant clinical lessons to be learned. Clinicians should avoid the

use of ethinyl estradiol as it has a significantly higher risk for

VTE than other formulations of estrogen. Avoiding ethinyl

estradiol might make the use of hormone therapy in trans
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feminine individuals safer than birth control. Additionally, data

in both cis and trans groups suggest an additional VTE risk

associated with the use of progestins, which would suggest

they be avoided when working with transgender individuals.

Ethinyl estradiol has largely been abandoned as a form of

hormone therapy; however, current data do not offer more

specific insight into how to quantify cardiovascular risk.

Although there seems to be clear evidence that transdermal

estrogens dosed up to 0.1 mg/day or below are a lower risk for

VTE than other forms of estrogen, it is unclear whether this is

related to the delivery method or a dose effect. Risk mitigation

is an important part of the care of transgender patients due to

the many risks associated with not providing hormone therapy

(ie, poor mental health) and the potential risks associated with

hormone therapy. Further study of the relationship between

estrogen and the risk of VTE will serve to inform the safest

possible care for transgender patients.42
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