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SUMMARY

Thrombosis is a recognized complication of sex hormone therapy, which includes
hormone replacement for deficiencies, contraceptive therapy, treatment of heavy
menstrual bleeding, gender-affirming hormone therapy, suppression of ovulation,
oncologic hormone therapy, and assisted reproduction. This review examines the
effects of sex hormones on hemostasis and the vasculature and summarizes cur-
rent evidence on thrombotic risk, including the effects of hormone formulation,
thrombophilias, previous thrombosis, and common clinical factors. Practical guid-
ance on the prevention and treatment of hormone-associated venous thromboem-
bolism, as well as on perioperative care of patients receiving sex hormone therapy,
is also provided.

EX HORMONE THERAPY MAY INCREASE THE RISK OF VENOUS THROMBO-

embolism (VTE) and cardiovascular events. Sex hormone therapy includes sex

hormone replacement for deficiencies (e.g., those associated with hypogo-
nadism of menopause and andropause), contraceptive therapy, treatment of heavy
menstrual bleeding, gender-affirming hormone therapy for transgender and gender-
diverse persons (those with a gender identity that does not align with their re-
corded sex at birth),' suppression of ovulation, oncologic hormone therapy, and as-
sisted reproduction. We review the effects of estrogen, progestogens (physiologic
progesterone and synthetic progestins),” and testosterone, as used for treatment in
these contexts, on hemostasis, the vasculature, and the risk of thrombosis. We also
provide practical guidance on the prevention and management of hormone-associated
VTE, as well as on perioperative care of patients receiving sex hormone therapy. Infor-
mation related to assisted reproduction and oncologic hormone therapy is provided
in the Supplementary Appendix, available with the full text of this article at NEJM.
org. By better understanding sex hormone influences on thrombotic risk, clinicians
can provide evidence-based information to help make informed, shared decisions
with patients.

HORMONE FORMULATIONS

Combined oral contraceptives typically consist of ethinyl estradiol and a progestin
(Table 1). Newer formulations have lower doses of ethinyl estradiol than previous
formulations. Nonoral combined hormonal contraceptives include transdermal
patches and vaginal rings. Progestin-only contraceptives include oral formulations,
levonorgestrel-releasing intrauterine systems, implants, and injections. Hormone-
replacement therapy formulations typically consist of 17B-estradiol (hereafter
termed estradiol) that is identical to that produced by the human ovary. For per-
sons with a uterus, progestogen is added to prevent estrogen-induced endometrial
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hyperplasia or cancer; for cisgender women with-
out a uterus, estradiol alone is used. Cisgender
men with hypogonadism are treated with testos-
terone (Table 1).

Gender-affirming hormone therapy for trans-
feminine persons (those who were assigned male
sex at birth but whose sense of self is female or
on the feminine spectrum?) consists of exogenous
estrogen, often with an antiandrogen to reduce
testosterone levels and allow for lower doses of
estrogen (Table 1).! Progestogens can suppress
testosterone, and anecdotal reports suggest im-
proved breast development and mood when pro-
gestogens are added to gender-affirming hormone
therapy. However, evidence for this improvement
is limited, and data extrapolated from research
on postmenopause in cisgender persons suggest
that the combination of progestogens with estro-
gen may increase the risks of breast cancer, VTE,
and stroke."* Gender-affirming hormone therapy
for transmasculine persons (those who were as-
signed female sex at birth but whose sense of self
is male or on the masculine spectrum?) consists
of exogenous testosterone. Transmasculine per-
sons may also use combined or progestin-only
hormones for menstrual suppression, contracep-
tion, or both. In addition, hormones are used as
suppression therapy in breast and prostate can-
cers and in assisted reproduction.’ Details about
mechanisms of action and thrombosis are pro-
vided in Table 2 for sex hormone therapy and in
Table S1 in the Supplementary Appendix for as-
sisted reproduction and cancer treatment.

INFLUENCES ON HEMOSTATIC
VARIABLES AND THE VASCULATURE

The cause of VTE is related to Virchow’s triad of
venous stasis, hypercoagulability, and effects on
the vasculature. The effects of hormone therapy
on levels of individual hemostatic variables are
modest; although changes are often statistically
significant, values usually remain within normal
ranges.’ The increased thrombotic risk with hor-
mone therapy probably results from a combina-
tion of effects on multiple hemostatic variables
and on the vasculature (Fig. 1). Most of the data
on the effects on hemostatic variables are derived
from studies involving cisgender persons.

Blood coagulation occurs as a series of com-
plex steps, usually initiated by vessel injury, that
involve activation of coagulation factors and end

in the generation of thrombin and the formation
of a cross-linked fibrin clot. This process is modi-
fied by positive and negative feedback loops. Pre-
vention of excess thrombus formation involves
negative modulation by naturally occurring in-
hibitors, and dissolution of a fibrin clot results
from activation of the fibrinolytic system.

The effects of estrogen on coagulation activa-
tion and fibrinolysis are shown in Figure 1 and
listed in Table 2.%%1° These effects are influenced
by the estrogen dose and structure. For example,
in users of combined oral contraceptives with
the same progestogens, higher ethinyl estradiol
doses as compared with lower doses are associ-
ated with increased markers of hemostatic acti-
vation, decreased protein S levels, and increased
acquired activated protein C resistance (APCR),
which causes a diminished response to activated
protein C, a natural anticoagulant agent involved
in the inactivation of clotting factors Va and VIIIa.
In transgender and gender-diverse persons who
receive gender-affirming hormone therapy, oral
ethinyl estradiol combined with cyproterone ac-
etate is associated with increased effects on ac-
quired APCR and protein S, as compared with
cyproterone acetate combined with either trans-
dermal or oral estradiol or cyproterone acetate
alone.>™ Although most of the hemostatic effects
of combined hormonal contraceptives appear to
be driven by the estrogen component, progesto-
gens potentiate these effects (Fig. 1 and Table 2).°
For example, combined oral contraceptives con-
taining cyproterone, drospirenone, gestodene, or
desogestrel progestogens are associated with
higher levels of acquired APCR, factor VII activity,
and prothrombin fragment 1+2 (a marker of co-
agulation activation) and greater decreases in
protein S levels than combined oral contraceptives
containing levonorgestrel.” Similar hemostatic ef-
fects have been seen with the transdermal vaginal
ring®"? and the ethinyl estradiol-norelgestromin
patch.’? The levonorgestrel-releasing intrauterine
system is not associated with acquired APCR.*>!3

For hormone-replacement therapy, prothrom-
botic changes are less pronounced with oral es-
tradiol than with conjugated equine estrogen'
and are either absent or not as pronounced with
transdermal estradiol replacement,” perhaps be-
cause of avoidance of the hepatic first-pass effect.
A lesser effect on APCR and prothrombin frag-
ment 1+2 generation is reported with micronized
progesterone than with other progestogens.”
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Table 1. Types of Hormone Therapy and Formulations.*

Type of Hormone Therapy
Combined hormone therapy
Combined oral contraceptives

First generation

Second generation
Third generation

Fourth generation or
unclassified

Transdermal therapy
Vaginal ring
Progestin-only therapy
Oral therapy

Parenteral therapy
Subdermal implant
Intrauterine system

HRT for cisgender women

Oral therapy

Transdermal patch or gel
Low-dose vaginal therapy

Testosterone therapy for hypogo-
nadal cisgender men and
transmasculine personsf

Oral therapy

Transdermal therapy

GAHT for transfeminine persons
Estrogen therapyq
Oral or sublingual therapy
Transdermal gel or patch

Parenteral therapy

Antiandrogen therapy

Progestogen therapy

Estrogen

Ethinyl estradiol

Ethinyl estradiol
Ethinyl estradiol

Ethinyl estradiol,
estrogen valerate,
estradiol, estetrol

Ethinyl estradiol
Ethinyl estradiol

17B-Estradiol,
estradiol valerate,
conjugated equine
estrogens

17B-Estradiol
17B-Estradiol

17B-Estradiol
17B-Estradiol

Estradiol valerate, es-
tradiol cypionate

Progestogen

Norethindrone, ethynodiol diacetate, lynestre-
nol, norethynodrel

Levonorgestrel, lynestrenol
Desogestrel, gestodene, norgestimatex:

Cyproterone acetate, drospirenone, segesterone
acetate, trimegestone, dienogest, nomeges-
trol acetate, drospirenone

Norelgestromin, levonorgestrel

Etonogestrel, segesterone acetate

Norethindrone, desogestrel, drospirenone
DMPA
Etonogestrel, levonorgestrel

Levonorgestrel

Micronized progesterone (Prometrium), preg-
nane derivatives (dydrogesterone, medroge-
stone, chlormadinone acetate, cyproterone
acetate, MPA), norpregnane derivatives (no-
megestrol acetate, promegestone, trimeges-
tone, segesterone acetate), nortestosterone
derivatives

Progestogen may or may not be included

Micronized progesterone, MPA

Other Hormones

Testosterone undecanoate

Testosterone gel, testoster-
one enanthate or cypi-
onate

Spironolactone, cyproterone
acetate, finasteride,
GnRH agonist

* DMPA denotes depot medroxyprogesterone acetate, GAHT gender-affirming hormone therapy, GnRH gonadotropin-releasing hormone,
HRT hormone-replacement therapy, and MPA medroxyprogesterone acetate.

Combined hormone therapy may be used for noncontraceptive indications.
Formulations with norgestimate are sometimes classified with second-generation combined oral contraceptives.

§ Additional therapy may be indicated for menstrual suppression, contraception, or both.
9 Ethinyl estradiol and conjugated equine estrogens are no longer recommended for transfeminine persons. Progestins are not recommended
in the guidelines but may be used on an individualized basis. Cyproterone acetate is currently not available in the United States.
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Whereas administration of physiologic levels
of testosterone does not affect levels of hemo-
static variables,” supraphysiologic therapy has
been associated with a sustained decrease in the
level of fibrinogen and an increase in the hema-
tocrit level. Although an increased hematocrit
level may increase blood viscosity, the associa-
tion between testosterone-induced erythrocyto-
sis and VTE is not clear.

As shown in Figure 1, estrogen also affects
the vasculature through receptors in endothelial,
vascular smooth-muscle, and myocardial cells
that promote vasodilatation and antiinflamma-
tory and antioxidant actions.'®? Androgen recep-
tors are found in vascular endothelial and smooth-
muscle cells, and testosterone has both protective
and injurious effects on the vasculature.’®

THROMBOTIC RISK
WITH HORMONE THERAPY

The interactive graphic shows guidelines for
managing the thrombotic risk associated with
hormone therapy, and guidance is provided in
each section below. Generally, a patient-centered
approach to prescribing hormone therapy should
involve informed, shared decision making that
involves consideration of the indication; the in-
dividual patient’s risk of thrombosis, risk toler-
ance, and preferences; the cost of treatment;
and goals relating to management options. With
limited data, decision making is difficult. Dis-
cussing the risk of VTE with the patient is com-
plicated, because many studies report the rela-
tive risk, but the patient’s understanding of the
risk may be improved when it is presented as an
incidence.” VTE is a multifactorial disease, and
risk factors, including a personal or family his-
tory of VTE, further increase the risk of throm-
bosis with hormone therapy. In addition, the
absolute risk of VTE that is associated with a
specific hormonal agent increases with age. The
baseline annual incidence of VTE is approximate-
ly 0.1 case per 1000 persons at the age of 20 years,
0.5 case per 1000 at the age of 40 years, and 8
cases per 1000 at the age of 80 years.?**' Cardio-
vascular disease is similarly multifactorial, with
the risks associated with hormone therapy de-
pending on age and the nature and number of
risk factors, as well as the type of hormone ther-
apy.? In addition, there is uncertainty about how
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to handle different combinations of risk factors
that have not been explicitly studied.

Limitations also affect interpretation of the
literature. Many studies have evaluated the VTE
risk associated with different generations of com-
bined oral contraceptives. This approach has
limitations because the thrombogenicity of com-
bined oral contraceptives varies according to the
estrogen dose and the progestins used, and this
variability may not be a classwide effect. In addi-
tion, the populations studied differ over time, and
the categorizations of some combined oral con-
traceptives are not consistent among studies. The
literature evaluating the risk of VTE with gender-
affirming hormone therapy in transgender and
gender-diverse persons is challenging to interpret
because most studies have not standardized the
incidence of VTE to person-years of follow-up,
and various combinations of exogenous estrogen
and antiandrogen medications have been used,
so the VTE rates cannot be directly compared
between drug formulations. In reviewing the data
on the thrombotic risk with hormonal cancer
therapy, one should keep in mind that this risk
has not typically been used as a primary end
point in studies, which limits confidence in the
accuracy and completeness of this information.

If a patient has a personal or family history of
thrombosis or clinical risk factors and the health
care provider is uncertain about how to proceed,
consideration should be given to consulting a
physician with expertise in thrombosis in order to
determine the duration of anticoagulant therapy,
safe hormonal options, and the potential role of
thromboprophylaxis. Persons with cardiovascu-
lar risk factors for whom hormonal cancer therapy
is indicated may benefit from referral to a cardio-
oncologist.

ESTROGEN AND PROGESTOGEN THERAPY

IN CISGENDER PERSONS

Users of combined oral contraceptives have a
higher risk of VTE than nonusers (adjusted rela-
tive risk, 3.5; 95% confidence interval [CI], 2.9 to
4.3) (Table 3).3 Because the baseline incidence of
VTE in the age group most likely to use combined
oral contraceptives is 1.9 to 3.7 cases per 10,000
person-years, this increased relative risk is accept-
able for most patients.?®?* For example, in one
study evaluating ethinyl estradiol at a dose of 30
to 40 g with levonorgestrel, 6.2 VTE events per
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Table 2. Sex Hormone Action and the Mechanism of Thrombosis.*

Hormone
Type

Estrogen

Progestogen

Testosterone

Therapeutic Uses Sex Hormone Actiony

Contraception, manage- When used for contraception, estrogen ex-
erts negative feedback on gonadotropin
secretion, stabilizes the endometrium
HRT to prevent irregular shedding and break-
through bleeding, and increases the
potency of the progestogen component
(see below). In women with abnormal
menstrual bleeding, estrogen helps stabi-
lize the endometrial lining; in postmeno-
pausal women, it replaces estrogen the
body no longer makes. Estrogen is used
in GAHT for development of secondary

ment of menstrual
bleeding, GAHT,

sex characteristics.

Contraception, manage- When used for contraception, progesto-
gens inhibit ovulation through negative
feedback on the hypothalamic—pituitary—
HRT ovarian axis and have local effects on
cervical mucus and the endometrium.
Continuous exposure to synthetic proges-
tins leads to endometrial glandular atro-
phy and control of menstrual bleeding,
whereas DMPA works through endome-
trial effects and inhibition of gonadotro-

ment of menstrual
bleeding, GAHT,

pin secretion from the pituitary.

HRT, GAHT

tics as part of GAHT.

Testosterone is given to replace hormones
not produced in persons with hypogo-
nadism or for secondary sex characteris-

Mechanism of Thrombosis

The procoagulant effect of estrogen is mediat-
ed through decreased levels of inhibitors of
coagulation (e.g., protein S, antithrombin,
and tissue factor pathway inhibitor) and in-
creased production of coagulation factors
(e.g., fibrinogen, prothrombin, factor VII,
factor VIII, and factor X), as well as through
development of acquired APCR, which is
a lack of response to APC, a protein that
normally helps prevent blood from clotting
excessively. Decreased levels of PAI-1 may
lead to decreased fibrinolysis, but this ef-
fect may be counterbalanced by increased
levels of TAFL.®

Progestogens potentiate the effects of estro-
gen on factor VII, APCR, and protein S,
with the effect dependent on the progesto-
gen dose and type.®

Supraphysiologic therapy is associated with a
sustained decrease in the fibrinogen level
and increase in the hematocrit level; testos-
terone increases platelet thromboxane A2
receptor density and the maximum platelet
aggregation response.’

* APC denotes activated protein C, APCR activated protein C resistance, PAI-1 plasminogen activator inhibitor 1, and TAFI thrombin activatable
fibrinolysis inhibitor.
T The information on sex hormone action is from Okwuosa et al.* and Hu et al.?
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10,000 exposure-years were reported.?® Different
risks are reported with other formulations of
combined oral contraceptives (Table 3). Lower
doses of ethinyl estradiol (20 to 30 ug) with levo-
norgestrel are associated with a risk of VTE that
is twice as high as that among persons who do
not use hormone therapy; some other progestin
types may further increase the risk (Table 3).23%>3
One meta-analysis estimated an incidence of 7.6
VTE events, 11.1 VTE events, and 10.6 VTE events
per 10,000 women per year for levonorgestrel,
desogestrel, and drospirenone, respectively, when
used with ethinyl estradiol at a dose of 30 to 40
png* Fewer data are reported for transdermal
patches and vaginal rings, but they carry a throm-
botic risk that is similar to or greater than the
risk with combined oral contraceptives containing
levonorgestrel or norgestimate (Table 3).226353¢

Progestogen-only contraceptives are also as-
sociated with thrombotic risk that varies accord-
ing to the dose and formulation. A number of
small studies suggest that the VTE risk with de-
pot medroxyprogesterone acetate is two times as
high as the VTE risk without contraceptive use,*¥’
whereas a Danish registry study suggests an in-
crease in the risk by a factor of 5.7 in persons
who use depot medroxyprogesterone acetate.”
The risk of VTE is not increased with the levo-
norgestrel-releasing intrauterine system and is
either not increased or only minimally increased
with low-dose progestin pills.”>*® Fewer data have
been reported for progestin-only implants, but
they are associated with a small increase in risk
(adjusted incidence rate ratio, 2.4; 95% CI, 1.4 to
4.0), as compared with the risk for nonusers.”
With the higher oral progestin doses typically
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\ 4

Estrogen:

« T FVII, FVIII, FX, thrombin, fibrinogen, APCR,
sex hormone-binding globulin

« 1 Antithrombin, protein S

« Effect depends on estrogen dose and structure

Progestogen:

« Potentiates effects of estrogen on FVII, APCR,
protein S

« Effect depends on progestogen type

Testosterone:

« No effect with physiologic doses

Estrogen:

facilitates reendothelialization of damaged blood vessels
Testosterone:

« Leads to vasodilatation through effects on bioavailability of
endothelium-derived nitric oxide; inhibits smooth-muscle proliferation;

« Leads to vasodilatation through endothelial androgen receptor-dependent
and —independent mechanisms; vasoconstriction has been described;
increases smooth-muscle apoptosis; reduces inflammation and oxidative

Testosterone:

« * Thromboxane A2 receptor
density and maximum

platelet aggregation response

Testosterone:
« T Hematocrit

Fibrinolytic System

Estrogen:

« Changes that favor
fibrinolysis are
counterbalanced by

an increase in TAFI

able fibrinolysis inhibitor.

Figure 1. Interaction between Hormones and the Coagulation, Fibrinolytic, and Vascular Systems.
APCR denotes acquired protein C resistance, FVII factor VII, FVIII factor VIII, FX factor X, and TAFI thrombin activat-

used in women with heavy menstrual bleeding,
the VTE risk is five to six times as high as the
risk for nonusers.*

Hormone-replacement therapy regimens used
in menopausal women carry a lower relative risk
of VTE than contraceptive hormones.** However,
the absolute VTE risk in this group may be simi-
lar to or higher than that among younger persons
using contraceptive hormones because the base-
line incidence of VTE increases with age (Table 3).

In a meta-analysis that compared the VTE risk
among users of hormone-replacement therapy
with the risk among nonusers, the risk appeared
to be higher among women using combined oral
estrogen—progestogens (odds ratio for use vs.
nonuse, 2.4; 95% CI, 1.9 to 2.9) than among those
using oral estrogens alone (odds ratio, 1.4; 95%
CI, 1.3 to 1.5) * and was also higher in the first
year of hormone-replacement therapy than in
subsequent years.*® No increase in thrombotic
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risk is apparent with nonoral estradiol, such as
the transdermal patch, when used alone.>** When
combined with a transdermal estrogen, micron-
ized progesterones and most pregnane progesto-
gens do not appear to carry a thrombotic risk,
but other progestogen formulations may do so
(Table 3).* Hormone-replacement therapy for
premature ovarian insufficiency involves higher
doses of either a transdermal patch or an oral
formation. Data on the VTE risk in this context
are lacking.*

The use of combined hormonal contraceptives
is associated with small increases in the risk of
myocardial infarction and the risk of stroke as
compared with nonuse, with higher doses of
estrogen and the presence of cardiovascular risk
factors associated with greater risk. However,
these outcomes are very uncommon in the popu-
lation of women who use contraceptives.

Whether there is an association between hor-
mone-replacement therapy and cardiovascular
disease has been controversial. The risk depends
on individual cardiovascular risk factors, and
these are common among women of menopausal
age. In general, as long as these risks are ap-
propriately managed, they are not considered
contraindications to hormone-replacement ther-
apy, and the cardiovascular risk is not increased
when therapy is started shortly after menopause
or in women younger than 60 years of age, for
whom the baseline risk is low.*?>** Some guide-
lines suggest that the potential risks outweigh
the benefits for women with previous myocar-
dial infarction or stroke (see the interactive
graphic).**

HORMONE THERAPY IN TRANSGENDER

AND GENDER-DIVERSE PERSONS

Various estrogen and antiandrogen formulations
and doses are used in transfeminine persons, de-
pending on cost, access, medical conditions, and
preference. Common exogenous estrogens are oral
or transdermal estradiol and injectable estradiol
valerate. Ethinyl estradiol and conjugated equine
estrogens are no longer recommended because of
the higher thrombotic risk and greater variabil-
ity of hormone levels in the blood with these
estrogens than with other formulations (see the
interactive graphic).** Transdermal estradiol has
a better risk profile than oral estrogens, with
studies showing either no VTE events or only a
small number of events.”** Cyproterone acetate

is a strong synthetic antiandrogen with proges-
togen-like activity, and spironolactone is a min-
eralocorticoid receptor antagonist and potassi-
um-sparing diuretic that is a weak antiandrogen
without progestogen activity (Table 1).

In database studies, the incidence of VTE
among transfeminine persons was higher than
that among cisgender women or cisgender men*
and was similar to the incidence among cisgen-
der women who were using hormone-replacement
therapy (42.8 cases per 10,000 person-years).*® A
possible signal indicating an increased risk of
arterial events in transfeminine persons receiv-
ing gender-affirming hormone therapy has been
noted, but high-quality data are lacking.* Study
limitations include variations in information on
cardiovascular risk factors, differences in formu-
lations, and confounding factors of socioeco-
nomic status and stress associated with being
part of a marginalized group.

In a retrospective cohort of 816 transfeminine
persons with 10,152 person-years of follow-up,
the average annual VTE incidence was 0.4%,
with the highest incidence (2.6%) in the first
year after the initiation of gender-affirming hor-
mone therapy.*®* However, events occurred pri-
marily in persons receiving oral ethinyl estradiol
(100 pg per day) before the standard practice
changed to the use of transdermal estradiol in
persons older than 40 years of age.**** VTE
events have been reported with other regimens
that include oral estradiol or estradiol valerate
with cyproterone acetate or spironolactone, but
in absolute terms, the risk is low and acceptable
for most persons.”® For example, in a retrospec-
tive cohort study involving 676 transfeminine
persons who received oral estradiol and spirono-
lactone, an incidence of 7.8 VTE events per 10,000
person-years was reported.’!

In some transmasculine persons who use ex-
ogenous testosterone, additional hormone thera-
py is indicated for suppression of the menstrual
cycle, contraception, or both. Since direct data
for guidance of management are sparse, how-
ever, we rely on estimates of VTE risk extrapo-
lated from the cisgender population.

PERSONS WITH RISK FACTORS FOR THROMBOSIS

Although some guidelines state that combined
hormonal contraceptives are contraindicated in
persons with known thrombophilia (see the inter-
active graphic),”> we believe that the data indicate
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an opportunity for a more nuanced perspective.
Among cisgender women with thrombophilias
who are considering combined hormonal con-
traceptives, the absolute VTE risk remains mod-
est if the thrombophilia is mild, such as in the
case of heterozygosity for the factor V Leiden
mutation or a prothrombin gene mutation. In
women who use combined hormonal contracep-
tives, family cohort studies show a higher VTE
risk among those with severe thrombophilia,
such as an antithrombin, protein C, or protein S
deficiency, than among those with mild throm-
bophilia (4.3 to 4.6 events vs. 0.5 to 2.0 events
per 100 pill-years).” These data suggest that
combined oral contraceptive therapy could be
considered in women with low-risk thrombo-
philias and no other risk factors for VTE who
have unacceptable side effects from other reli-
able forms of contraception.

Regardless of thrombophilia status, a family
history of VTE increases the thrombotic risk by
a factor of 2 to 4, so patients faced with making
a decision about hormone therapy do not neces-
sarily need to undergo thrombophilia testing if
their risk tolerance for thrombosis is low.”* Among
persons receiving hormone-replacement therapy,
the risk of VTE in those who have factor V
Leiden is 6.7 times as high (95% CI, 3.1 to 14.5)
as the risk in those who do not.*! Fewer data are
available to inform decision making about hor-
mone-replacement therapy for persons with more
severe thrombophilias. Avoidance, at least of
oral estrogens, is usually suggested (see the inter-
active graphic).” Overall, the limited data on hor-
mone therapy in transgender and gender-diverse
persons with inherited thrombophilias are reas-
suring, and in most cases, thrombophilia screen-
ing before initiation of therapy is not recom-
mended.”

In cisgender women receiving hormone ther-
apy, other risk factors associated with an in-
creased incidence of VTE, such as older age,
obesity, and smoking, and transient risk factors,
such as surgery, hospitalization, and immobili-
zation or fracture, should be considered in as-
sessing the risk of VTE.®®> Among persons 45 to
49 years of age, the adjusted relative risk of VTE
associated with combined oral contraceptive use
is 6 times as high as the risk among those 15 to
19 years of age.”® One study that examined the
effect of body-mass index (BMI; the weight in
kilograms divided by the square of the height in

meters) on the risk of VIE showed that relative
to the risk among women with a normal BMI
(<25) who did not use oral contraceptives, the
risk of VTE was 11.6 times as high among those
with overweight (BMI, 25 to <30) who used oral
contraceptives and 23.8 times as high among
those with obesity (BMI, >30) who used oral con-
traceptives.>® Although laboratory tests of hyper-
coagulability, such as D-dimer tests, have been
proposed as a surrogate for baseline risk, more
research is needed.”” The effects of various hor-
monal formulations may differ according to risk
factors. Fewer data are available for transfeminine
persons who have additional risk factors, but the
data that are available suggest that the risk for
such persons is similar to that for cisgender
women.>

PERSONS WITH PREVIOUS HORMONE-ASSOCIATED
THROMBOSIS

After an initial 3 to 6 months of anticoagulant
therapy, the decision to stop or continue therapy
for secondary VTE prevention is guided by esti-
mates of the risk of recurrence with the cessa-
tion of anticoagulant therapy (as well as the risk
of bleeding with continued therapy). The risk of
recurrence is based largely on whether the VTE
event was unprovoked or associated with tran-
sient or persistent risk factors. Hormone therapy
is traditionally considered an intermediate or
minor risk factor for VTE.* For VTE with tran-
sient nonsurgical risk factors (including hormone
therapy), the rate of recurrence of VIE at 24
months after cessation of anticoagulant therapy
is 4.2% (95% CI, 2.8 to 4.6) per person-year, as
compared with 0.7% (95% CI, 0 to 1.5) per per-
son-year for surgically associated VTE and 7.4%
(95% CI, 6.5 to 8.2) per person-year for unpro-
voked VTE.> However, this risk of recurrence is
probably affected by patient characteristics, the
type of hormone therapy at the time of the ini-
tial VTE, and the presence or absence of other
VTE risk factors.

In two meta-analyses, the rate of VIE after
cessation of anticoagulant therapy among per-
sons with an initial contraceptive-associated event
was low, at 1.22 to 1.57 events per 100 person-
years.®®®! This low risk of recurrence probably
reflects, in part, the younger age and overall
better health of women using these hormones.
Thus, for many women with contraceptive-related
VTE, long-term anticoagulant therapy is not re-
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quired. Among women who are older or have
other VTE risk factors, the risk of recurrence is
less certain and may be higher.®* Similar data for
VTE associated with hormone-replacement ther-
apy are lacking.

Few studies have evaluated the risk of recur-
rent VTE among women with previous VTE who
are receiving hormone-replacement therapy. A
randomized trial comparing oral estradiol and
norethisterone with placebo in postmenopausal
women with previous VITE was stopped early
because of an increased risk with hormone
therapy (the incidence of VTE was 10.7% vs.
2.3%; risk ratio, 7.8; 95% CI, 1.0 to 60.5).8 A
cohort study that followed 1023 postmenopausal
women with previous VTE, of whom 130 re-
ceived hormone therapy, confirmed an increased
risk of recurrence with oral estrogen (adjusted
hazard ratio, 7.2; 95% CI, 1.6 to 31.2) but not
with transdermal estrogen (adjusted hazard ra-
tio, 0.9; 95% CI, 0.9 to 3.0).%

Data support the safety of continuing hor-
mone therapy after VIE in cisgender women
while they are receiving anticoagulant thera-
py.*%¢ These results can probably be extrapolated
to transfeminine persons, for whom discontinu-
ation of gender-affirming hormone therapy is
often not possible from the patient’s perspective,
given the effects on psychological well-being and
quality of life.

In patients with strong risk factors for VTE or
those with previous VTE in whom anticoagulant
therapy has been discontinued, hormone therapy
should be stopped or switched to a nonthrom-
botic formulation. Continued use of combined
hormonal contraceptives after cessation of anti-
coagulant therapy was associated with a risk of
recurrence that was 2.4 times as high (95% CI,
1.2 to 5.0) as that among nonusers in one study®
and, in another study, with a recurrence rate that
was 4.6 times as high (95% CI, 1.9 to 11.5) as
that among women in the same age group who
stopped using oral contraceptives.®’ For the treat-
ment of heavy menstrual bleeding, a levonorg-
estrel-releasing intrauterine system may be used
if indicated, but caution is needed with higher-
dose oral progestin therapy.

TESTOSTERONE THERAPY
Testosterone is used for the treatment of cisgen-
der male hypogonadism and as gender-affirming

hormone therapy for transmasculine persons
(Table 1). The effect of testosterone replacement
on the risk of VTE remains poorly understood.
Large observational studies have had inconsis-
tent results, from no increase in risk to a risk that
is increased by a factor of 4,°® with some of the
studies suggesting an increased risk in the first
3 to 6 months after initiation of treatment.®’”° In
a meta-analysis involving 5050 cisgender men
from 13 randomized trials in which testosterone
therapy was compared with placebo or an active
agent (e.g., growth hormone or gonadotropin-
releasing hormone antagonists), no increase in
the risk of VTE (relative risk, 1.03; 95% CI, 0.49
to 2.14) was noted.”* However, the quality of
evidence was judged to be low, and insufficient
data were available to examine important vari-
ables, such as age, route of administration, dura-
tion of therapy, and prescription indication.

Most meta-analyses have shown that the risk
of cardiovascular events with testosterone ther-
apy is no higher than that with placebo,”” al-
though certainty is limited by low study quality
and lack of long-term follow-up data. However,
in a multicenter, randomized, double-blind, pla-
cebo-controlled trial involving 5246 men with
hypogonadism who had preexisting cardiovas-
cular disease or were at high risk for cardiovas-
cular disease, testosterone gel replacement was
noninferior to placebo with respect to major ad-
verse cardiac events (hazard ratio, 0.96; 95% CI,
0.78 to 1.17) over a mean (£SD) follow-up period
of 33.0+12.1 months.”

Fewer data address the risk of VTE or cardio-
vascular disease among transmasculine persons.
In one meta-analysis, the pooled relative risk
was 1.3 (95% CI, 1.0 to 1.6) for stroke, 1.7 (95%
CI, 0.8 to 3.6) for myocardial infarction, and 1.4
(95% CI, 1.0 to 2.0) for VTE.¥

PERIOPERATIVE MANAGEMENT
OF HORMONE THERAPY

The hemostatic effect of combined hormonal
contraceptives mostly resolves within 2 to 4
weeks after cessation of hormone therapy.” On
the basis of surrogate biomarker data with ex-
pert opinion and consensus, the American Col-
lege of Obstetricians and Gynecologists (ACOG)
has recommended stopping combined hormonal
contraceptives 4 to 6 weeks before major surgery
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KEY POINTS

SEX HORMONE INFLUENCES ON VENOUS THROMBOTIC AND CARDIOVASCULAR RISKS

« Oral contraceptives with a combination of hormones increase the risk of venous thromboembolism
(VTE) by a factor of 3.5, and hormone-replacement therapy increases the risk by a factor of 2; in most

cases, the absolute risk is low.

« For persons at increased risk for VTE who are considering contraception, a levonorgestrel-releasing
intrauterine system or low-dose progestin may be preferred. Information about risks associated with
progestin implants is limited. For hormone-replacement therapy or gender-affirming hormone therapy,
transdermal estradiol is preferred. Micronized progesterone is associated with a low thrombotic risk.

« Most persons with hormone-associated VTE can stop anticoagulant therapy after 3 to 6 months, as

long as hormone therapy has been stopped.

«  Ongoing, well-managed anticoagulant therapy can allow for continued use of hormone therapy
(contraceptive therapy, hormone-replacement therapy, or gender-affirming hormone therapy).

« Testosterone replacement does not increase the risk of VTE; less is known about the risk in the
transmasculine population than in the general population, and information about the cardiovascular

risk is limited.

when prolonged immobilization is anticipated,
with resumption of therapy when physical activ-
ity has returned to a nearly normal level.”> For
decisions about perioperative use of menopausal
hormone therapy, ACOG recommends an indi-
vidualized risk assessment based on clinical risk
factors and shared patient-physician decision
making.”” However, we advocate for continuing
hormone therapy around the time of surgery
(instead of stopping therapy) and using throm-
boprophylaxis, depending on the clinical sce-
nario. Stopping hormones weeks ahead of a
surgery so that the thrombotic risk can return to
baseline is often impractical, with the added
downside of increased risks of pregnancy, men-
strual bleeding, and resumption of menopausal
symptoms during the preoperative period and
postoperative recovery. The Caprini risk score
for VTE prophylaxis includes hormone therapy,
along with other risk factors for VTE.” We rec-
ommend the same strategy for transfeminine
persons. Two guidelines note the absence of
good-quality data suggesting that transgender
and gender-diverse persons should stop gender-
affirming hormone therapy before and after sur-
gery. However, the decision to continue such
therapy should be based on an informed discus-
sion of the benefits and drawbacks of doing so,
as well as appropriate use of thromboprophy-
laxis (see the interactive graphic).**”’

FUTURE DIRECTIONS

Evidence-supported strategies are needed for dis-
cussing the risks of hormone therapy with pa-
tients, including transgender and gender-diverse
persons. Awareness among health care providers
of the risk of thrombosis with gender-affirming
hormone therapy is important.”® Further research
is needed to better understand the VTE risk with
hormone therapy in persons with multiple risk
factors, younger women with premature ovarian
insufficiency, and those with previous VIE who
are considering transdermal hormone-replace-
ment therapy. Additional data are needed to
provide more definitive statements on the safety
of the progestogen subdermal implant. Finally,
data are still needed to characterize the risks of
VTE and cardiovascular disease among trans-
gender and gender-diverse persons, especially
those who are older or who have additional risk
factors for thrombosis.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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transgender persons, gender-affirming hormone therapy, and
hormone-replacement therapy.

AUTHOR INFORMATION

! Division of Hematology and Hematological Malignancies, De-
partment of Medicine, University of Calgary, Calgary, AB, Canada;
2Division of Hematology and Thromboembolism, Department
of Medicine, McMaster University, Hamilton, ON, Canada.

N ENGL ) MED 394;15 NEJM.ORG APRIL 16, 2026

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org by aaon April 16, 2026.

1525



1526

The NEW ENGLAND JOURNAL of MEDICINE

REFERENCES

1. Ramsay A, Safer JD. Update in adult
transgender medicine. Annu Rev Med
2023;74:117-24.

2. Stanczyk FZ, Hapgood JP, Winer S,
Mishell DR Jr. Progestogens used in post-
menopausal hormone therapy: differenc-
es in their pharmacological properties,
intracellular actions, and clinical effects.
Endocr Rev 2013;34:171-208.

3. Bourns A, Edgar A, Lou A, et al.
Guidelines for gender-affirming primary
care with trans and non-binary patients.
Toronto: Rainbow Health Ontario, 2019.
4. National Institute for Health and Care
Excellence. Menopause: identification and
management. November 7, 2024 (https://
www.nice.org.uk/guidance/ng23/
resources/menopause-identification-and
-management-pdf-1837330217413).

5. Okwuosa TM, Morgans A, Rhee J-W,
et al. Impact of hormonal therapies for
treatment of hormone-dependent cancers
(breast and prostate) on the cardiovascu-
lar system: effects and modifications: a
scientific statement from the American
Heart Association. Circ Genom Precis Med
2021;14(3):e000082.

6. Tchaikovski SN, Rosing J. Mecha-
nisms of estrogen-induced venous throm-
boembolism. Thromb Res 2010;126:5-11.
7. Joswig M, Hach-Wunderle V, Ziegler
R, Nawroth PP. Postmenopausal hormone
replacement therapy and the vascular wall:
mechanisms of 17 beta-estradiol’s effects
on vascular biology. Exp Clin Endocrinol
Diabetes 1999;107:477-87.

8. Hu J-R, Duncan MS, Morgans AK, et
al. Cardiovascular effects of androgen
deprivation therapy in prostate cancer:
contemporary meta-analyses. Arterioscler
Thromb Vasc Biol 2020;40(3):e55-e64.

9. Oral Contraceptive and Hemostasis
Study Group. The effects of seven mono-
phasic oral contraceptive regimens on
hemostatic variables: conclusions from a
large randomized multicenter study. Con-
traception 2003;67:173-85.

10. Caine YG, Bauer KA, Barzegar S, et al.
Coagulation activation following estrogen
administration to postmenopausal wom-
en. Thromb Haemost 1992;68:392-5.

11. Toorians AWFT, Thomassen MCLGD,
Zweegman S, et al. Venous thrombosis
and changes of hemostatic variables dur-
ing cross-sex hormone treatment in trans-
sexual people. J Clin Endocrinol Metab
2003;88:5723-9.

12. Sitruk-Ware R, Plu-Bureau G, Menard
J, et al. Effects of oral and transvaginal
ethinyl estradiol on hemostatic factors
and hepatic proteins in a randomized,
crossover study. J Clin Endocrinol Metab
2007;92:2074-9.

13. van Vliet HA, Tchaikovski SN, Rosend-
aal FR, Rosing J, Helmerhorst FM. The

N ENGL J MED 394;15

effect of the levonorgestrel-releasing in-
trauterine system on the resistance to ac-
tivated protein C (APC). Thromb Haemost
2009;101:691-5.

14. Blondon M, van Hylckama Vlieg A,
Wiggins KL, et al. Differential associa-
tions of oral estradiol and conjugated
equine estrogen with hemostatic bio-
markers. ] Thromb Haemost 2014;12:879-
86.

15. Canonico M, Alhenc-Gelas M, Plu-
Bureau G, Olié V, Scarabin P-Y. Activated
protein C resistance among postmeno-
pausal women using transdermal estro-
gens: importance of progestogen. Meno-
pause 2010;17:1122-7.

16. Keramaris NC, Christodoulakos GE,
Lambrinoudaki IV, et al. The differen-
tial effect of estrogen, estrogen-progestin
and tibolone on coagulation inhibitors in
postmenopausal women. Climacteric 2007;
10:400-7.

17. Connelly PJ, Marie Freel E, Perry C, et
al. Gender-affirming hormone therapy,
vascular health and cardiovascular dis-
ease in transgender adults. Hypertension
2019;74:1266-74.

18. Lucas-Herald AK, Alves-Lopes R,
Montezano AC, Ahmed SF, Touyz RM.
Genomic and non-genomic effects of an-
drogens in the cardiovascular system:
clinical implications. Clin Sci (Lond)
2017;131:1405-18.

19. Machado RB, Morimoto M, Santana
N, Arruda LF, Bernardes CR, de Souza IM.
Effect of information on the perception of
users and prospective users of combined
oral contraceptives regarding the risk of
venous thromboembolism. Gynecol En-
docrinol 2015;31:57-60.

20. Silverstein MD, Heit JA, Mohr DN,
Petterson TM, O’Fallon WM, Melton LJ
3rd. Trends in the incidence of deep vein
thrombosis and pulmonary embolism: a
25-year population-based study. Arch In-
tern Med 1998;158:585-93.

21. Naess IA, Christiansen SC, Romunds-
tad P, Cannegieter SC, Rosendaal FR,
Hammerstrom J. Incidence and mortality
of venous thrombosis: a population-based
study. ] Thromb Haemost 2007;5:692-9.
22. Abramson BL, Black DR, Christakis
MK, Fortier M, Wolfman W. Guideline no.
422e: menopause and cardiovascular dis-
ease. J Obstet Gynaecol Can 2021;43(12):
1438-1443.e1.

23. Lidegaard O, Nielsen LH, Skovlund
CW, Skjeldestad FE, Lokkegaard E. Risk
of venous thromboembolism from use of
oral contraceptives containing different
progestogens and oestrogen doses: Dan-
ish cohort study, 2001-9. BMJ 2011;343:
d6423.

24. Samuelsson E, Higg S. Incidence of
venous thromboembolism in young Swed-

ish women and possibly preventable cases
among combined oral contraceptive us-
ers. Acta Obstet Gynecol Scand 2004;83:
674-81.

25. Yonis HGH, Morch LS, Lokkegaard E,
et al. Contemporary hormonal contracep-
tion and risk of venous thromboembo-
lism. JAMA 2025;333:1358-61.

26. Lidegaard O, Nielsen LH, Skovlund
CW, Lokkegaard E. Venous thrombosis in
users of non-oral hormonal contracep-
tion: follow-up study, Denmark 2001-10.
BMJ 2012;344:e2990.

27. Mantha S, Karp R, Raghavan V, Terrin
N, Bauer KA, Zwicker JI. Assessing the
risk of venous thromboembolic events in
women taking progestin-only contracep-
tion: a meta-analysis. BMJ 2012;345:e4944.
28. Tepper NK, Whiteman MK, March-
banks PA, James AH, Curtis KM. Proges-
tin-only contraception and thromboem-
bolism: a systematic review. Contraception
2016;94:678-700.

29. Vinogradova Y, Coupland C, Hippis-
ley-Cox J. Use of hormone replacement
therapy and risk of venous thromboembo-
lism: nested case-control studies using
the QResearch and CPRD databases. BMJ
2019;364:k4810.

30. Rovinski D, Ramos RB, Fighera TM,
Casanova GK, Spritzer PM. Risk of venous
thromboembolism events in postmeno-
pausal women using oral versus non-oral
hormone therapy: a systematic review and
meta-analysis. Thromb Res 2018;168:83-
95.

31. Cushman M, Kuller LH, Prentice R, et
al. Estrogen plus progestin and risk of ve-
nous thrombosis. JAMA 2004;292:1573-
80.

32. Scarabin P-Y. Progestogens and ve-
nous thromboembolism in menopausal
women: an updated oral versus transder-
mal estrogen meta-analysis. Climacteric
2018;21:341-5.

33. de Bastos M, Stegeman BH, Rosend-
aal FR, et al. Combined oral contracep-
tives: venous thrombosis. Cochrane Data-
base Syst Rev 2014;3:CD010813.

34. Oedingen C, Scholz S, Razum O. Sys-
tematic review and meta-analysis of the as-
sociation of combined oral contraceptives
on the risk of venous thromboembolism:
the role of the progestogen type and estro-
gen dose. Thromb Res 2018;165:68-78.

35. Tepper NK, Dragoman MV, Gaffield
ME, Curtis KM. Nonoral combined hor-
monal contraceptives and thromboembo-
lism: a systematic review. Contraception
2017;95:130-9.

36. Oullet-Hellstrom R, Graham DJ, Staffa
JA, et al. Combined Hormonal Contracep-
tives (CHCs) and the risk of cardiovascu-
lar disease endpoints. Silver Spring, MD:
Food and Drug Administration, 2011

NEJM.ORG APRIL 16, 2026

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by aaon April 16, 2026.


https://www.nice.org.uk/guidance/ng23/resources/menopause-identification-and-management-pdf-1837330217413
https://www.nice.org.uk/guidance/ng23/resources/menopause-identification-and-management-pdf-1837330217413
https://www.nice.org.uk/guidance/ng23/resources/menopause-identification-and-management-pdf-1837330217413
https://www.nice.org.uk/guidance/ng23/resources/menopause-identification-and-management-pdf-1837330217413

SEX HORMONES AND THROMBOTIC AND CARDIOVASCULAR RISK

(http://www.fda.gov/downloads/Drugs/
DrugSafety/UCM277384.pdf).

37. Bergendal A, Persson I, Odeberg J, et
al. Association of venous thromboem-
bolism with hormonal contraception and
thrombophilic genotypes. Obstet Gynecol
2014;124:600-9.

38. Renoux C, Dell’Aniello S, Suissa S.
Hormone replacement therapy and the
risk of venous thromboembolism: a pop-
ulation-based study. J] Thromb Haemost
2010;8:979-86.

39. Panay N, Anderson RA, Nappi RE, et
al. Premature ovarian insufficiency: an
International Menopause Society White
Paper. Climacteric 2020;23:426-46.

40. “The 2022 Hormone Therapy Position
Statement of The North American Meno-
pause Society” Advisory Panel. The 2022
hormone therapy position statement of
The North American Menopause Society.
Menopause 2022;29:767-94.

41. Mendoza N, Ramirez I, de la Viuda E,
et al. Eligibility criteria for menopausal
hormone therapy (MHT): a position state-
ment from a consortium of scientific so-
cieties for the use of MHT in women with
medical conditions. Maturitas 2022;166:
65-85.

42. Coleman E, Radix AE, Bouman WP, et
al. Standards of care for the health of
transgender and gender diverse people,
version 8. IntJ Transgend Health 2022;23:
Suppl 1:51-§259.

43. OttJ, Kaufmann U, Bentz E-K, Huber
JC, Tempfer CB. Incidence of thrombo-
philia and venous thrombosis in trans-
sexuals under cross-sex hormone therapy.
Fertil Steril 2010;93:1267-72.

44. Meyer G, Mayer M, Mondorf A, Fligel
AK, Herrmann E, Bojunga J. Safety and
rapid efficacy of guideline-based gender-
affirming hormone therapy: an analysis
of 388 individuals diagnosed with gender
dysphoria. Eur J Endocrinol 2020;182:149-
56.

45. Nota NM, Wiepjes CM, de Blok CIM,
Gooren LJG, Kreukels BPC, den Heijer M.
Occurrence of acute cardiovascular events
in transgender individuals receiving hor-
mone therapy. Circulation 2019;139:1461-2.
46. Kotamarti VS, Greige N, Heiman AJ,
Patel A, Ricci JA. Risk for venous throm-
boembolism in transgender patients un-
dergoing cross-sex hormone treatment:
a systematic review. J Sex Med 2021;18:
1280-91.

47. van Zijverden LM, Wiepjes CM, van
Diemen JJK, Thijs A, den Heijer M. Car-
diovascular disease in transgender people:
a systematic review and meta-analysis. Eur
J Endocrinol 2024;190:513-S24.

48. van Kesteren PJM, Asscheman H, Me-
gens JAJ, Gooren LJG. Mortality and mor-
bidity in transsexual subjects treated with
cross-sex hormones. Clin Endocrinol (Oxf)
1997;47:337-42.

N ENGL ) MED 394/15

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

49. Asscheman H, Gooren LJG, Eklund
PLE. Mortality and morbidity in trans-
sexual patients with cross-gender hor-
mone treatment. Metabolism 1989;38:869-
73.

50. Goldstein Z, Khan M, Reisman T,
Safer JD. Managing the risk of venous
thromboembolism in transgender adults
undergoing hormone therapy. J Blood Med
2019;10:209-16.

51. Arnold JD, Sarkodie EP, Coleman ME,
Goldstein DA. Incidence of venous throm-
boembolism in transgender women re-
ceiving oral estradiol. J Sex Med 2016;13:
1773-7.

52. Nguyen AT, Curtis KM, Tepper NK, et
al. U.S. medical eligibility criteria for con-
traceptive use, 2024. MMWR Recomm
Rep 2024;73:1-126.

53. van Vlijmen EFW, Wiewel-Verschueren
S, Monster TBM, Meijer K. Combined oral
contraceptives, thrombophilia and the risk
of venous thromboembolism: a systematic
review and meta-analysis. ] Thromb Hae-
most 2016;14:1393-403.

54. Sonnevi K, Bergendal A, Adami J, Lir-
fars G, Kieler H. Self-reported family his-
tory in estimating the risk of hormone,
surgery and cast related VTE in women.
Thromb Res 2013;132:164-9.

55. Skeith L, Le Gal G, Rodger MA. Oral
contraceptives and hormone replacement
therapy: how strong a risk factor for ve-
nous thromboembolism? Thromb Res
2021;202:134-8.

56. Pomp ER, le Cessie S, Rosendaal FR,
Doggen CJM. Risk of venous thrombosis:
obesity and its joint effect with oral con-
traceptive use and prothrombotic muta-
tions. Br ] Haematol 2007;139:289-96.

57. Cushman M, Larson JC, Rosendaal
FR, et al. Biomarkers, menopausal hor-
mone therapy and risk of venous throm-
bosis: the Women’s Health Initiative. Res
Pract Thromb Haemost 2018;2:310-9.

58. Wierckx K, Mueller S, Weyers S, et al.
Long-term evaluation of cross-sex hor-
mone treatment in transsexual persons.
J Sex Med 2012;9:2641-51.

59. Iorio A, Kearon C, Filippucci E, et al.
Risk of recurrence after a first episode
of symptomatic venous thromboembo-
lism provoked by a transient risk factor: a
systematic review. Arch Intern Med 2010;
170:1710-6.

60. Abdulrehman J, Elbaz C, Aziz D, et al.
Recurrence after stopping anticoagulants
in women with combined oral contracep-
tive-associated venous thromboembolism:
a systematic review and meta-analysis. Br
J Haematol 2022;199:130-42.

61. Wiegers HMG, KnijpJ, van Es N, et al.
Risk of recurrence in women with venous
thromboembolism related to estrogen-
containing contraceptives: systematic re-
view and meta-analysis. J] Thromb Hae-
most 2022;20:1158-65.

62. Aziz D, Skeith L, Rodger MA, et al.
Long-term risk of recurrent venous
thromboembolism after a first contracep-
tive-related event: data from REVERSE
cohort study. ] Thromb Haemost 2021;19:
1526-32.

63. Hoibraaten E, Qvigstad E, Arnesen H,
Larsen S, Wickstrom E, Sandset PM. In-
creased risk of recurrent venous thrombo-
embolism during hormone replacement
therapy — results of the randomized,
double-blind, placebo-controlled estro-
gen in venous thromboembolism trial
(EVTET). Thromb Haemost 2000;84:961-7.
64. Olié V, Plu-Bureau G, Conard J,
Horellou MH, Canonico M, Scarabin PY.
Hormone therapy and recurrence of ve-
nous thromboembolism among post-
menopausal women. Menopause 2011;18:
488-93.

65. Verlaan JPL, Stegeman BH, Timp JF, et
al. Hormonal contraceptive use after a
first venous thrombotic event and the risk
of recurrence in premenopausal women.
J Thromb Haemost 2024;22:2195-202.

66. Martinelli I, Lensing AW, Middeldorp
S, et al. Recurrent venous thromboembo-
lism and abnormal uterine bleeding with
anticoagulant and hormone therapy use.
Blood 2016;127:1417-25.

67. Christiansen SC, Lijfering WM, Helmer-
horst FM, Rosendaal FR, Cannegieter SC.
Sex difference in risk of recurrent venous
thrombosis and the risk profile for a sec-
ond event. J Thromb Haemost 2010;8:
2159-68.

68. Houghton DE, Alsawas M, Barrioneu-
vo P, et al. Testosterone therapy and ve-
nous thromboembolism: a systematic re-
view and meta-analysis. Thromb Res 2018;
172:94-103.

69. Martinez C, Suissa S, Rietbrock S, et
al. Testosterone treatment and risk of ve-
nous thromboembolism: population based
case-control study. BMJ 2016;355:15968.
70. Walker RF, Zakai NA, MacLehose RF,
et al. Association of testosterone therapy
with risk of venous thromboembolism
among men with and without hypogonad-
ism. JAMA Intern Med 2020;180:190-7.

71. Ayele HT, Brunetti VC, Renoux C, Ta-
galakis V, Filion KB. Testosterone replace-
ment therapy and the risk of venous throm-
boembolism: a systematic review and
meta-analysis of randomized controlled
trials. Thromb Res 2021;199:123-31.

72. Elliott], Kelly SE, Millar AC, et al. Tes-
tosterone therapy in hypogonadal men: a
systematic review and network meta-
analysis. BMJ Open 2017;7(11):e015284.
73. Lincoff AM, Bhasin S, Flevaris P, et al.
Cardiovascular safety of testosterone-
replacement therapy. N Engl ] Med 2023;
389:107-17.

74, Hugon-Rodin J, Fontana P, Poncet A,
Streuli I, Casini A, Blondon M. Longitudi-
nal profile of estrogen-related thrombotic

NEJM.ORG APRIL 16, 2026

Downloaded from nejm.org by aaon April 16, 2026.

1527


http://www.fda.gov/downloads/Drugs/DrugSafety/UCM277384.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM277384.pdf

1528

SEX HORMONES AND THROMBOTIC AND CARDIOVASCULAR RISK

biomarkers after cessation of combined
hormonal contraceptives. Blood 2024;143:
70-8.

75. American College of Obstetricians
and Gynecologists’ Committee on Prac-
tice Bulletins — Gynecology. Prevention
of venous thromboembolism in gyneco-
logic surgery: ACOG practice bulletin,
number 232. Obstet Gynecol 2021;138(1):
el-el5.

76. Anderson DR, Morgano GP, Bennett
C, et al. American Society of Hematolo-
gy 2019 guidelines for management of
venous thromboembolism: prevention of
venous thromboembolism in surgical
hospitalized patients. Blood Adv 2019;3:
3898-944.

77. University of California San Francisco
Gender Affirming Health Program.
Guidelines for the primary and gender-

affirming care of transgender and gender
nonbinary people. University of Califor-
nia San Francisco, June 17, 2016 (https://
transcare.ucsf.edu/guidelines).

78. North American Thrombosis Forum.
Transgender health and blood clots: toolkit.
2023 (https://vin.thrombosis.org/c/learning
-modules/transgender-health-and-blood
-clots).

Copyright © 2026 Massachusetts Medical Society.

EARLY JOB ALERT SERVICE AVAILABLE AT THE NEJM CAREERCENTER
Register to receive weekly email messages with the latest job openings
that match your specialty, as well as preferred geographic region,
practice setting, call schedule, and more. Visit the NEJM CareerCenter
at nejmcareercenter.org for more information.

N ENGL J MED 394;15

NEJM.ORG APRIL 16, 2026

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by aaon April 16, 2026.


https://transcare.ucsf.edu/guidelines
https://transcare.ucsf.edu/guidelines
https://vln.thrombosis.org/c/learning-modules/transgender-health-and-blood-clots
https://vln.thrombosis.org/c/learning-modules/transgender-health-and-blood-clots
https://vln.thrombosis.org/c/learning-modules/transgender-health-and-blood-clots

