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Abstract
Background: Venous	 thromboses	 are	 well-	established	 complications	 of	 hormonal	
therapy. Thrombosis risk is seen with both hormonal contraceptive agents and with 
hormone replacement therapy for menopause and gender transition. Over the past 
several decades, large epidemiological studies have helped better define these risks.
Objectives: To review and discuss the differences in thrombosis risk of the many 
of	hormonal	preparations	available	as	well	as	 their	 interaction	with	patient-	specific	
factors.
Methods: We conducted a narrative review of the available literature regarding ve-
nous thrombosis and hormonal therapies including for contraception, menopausal 
symptoms, and gender transition.
Results: Thrombosis	risk	with	estrogen-	containing	compounds	increases	with	increas-
ing	systemic	dose	of	estrogen.	While	progesterone-	only–	containing	products	are	not	
associated with thrombosis, when paired with estrogen in combined oral contracep-
tives, the formulation of progesterone does impact the risk. These components, along 
with	patient-	specific	factors,	may	influence	the	choice	of	hormonal	preparation.	For	
patients who develop thrombosis on hormonal treatment, anticoagulation is protec-
tive against future thrombosis. Duration of anticoagulation is dependent on ongo-
ing	and	future	hormone	therapy	choice.	Finally,	the	optimal	management	of	hormone	
therapy	for	individuals	diagnosed	with	prothrombotic	illnesses	such	as	COVID-	19	re-
mains unclear.
Conclusions: When contemplating hormonal contraception or hormone replacement 
therapy, clinicians must consider a variety of factors including hormone type, dose, 
route, personal and family history of thrombosis, and other prothrombotic risk factors 
to make informed, personalized decisions regarding the risk of venous thrombosis.
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Essentials

• Certain hormonal therapies increase the risk of developing venous blood clots.
• This article reviews the various hormonal therapies and the factors that influence the risk.
• The risk of blood clots increases as the dose of estrogen increases.
• Those who develop a blood clot should stay on anticoagulation if unable to stop hormonal therapy.

1  |  INTRODUC TION

Hormone-	containing	 therapies	 are	 ubiquitous	 in	 modern	 health	
care. Combined oral contraceptive (COC) medications are the most 
frequently	prescribed	medications	to	young	women	with	as	many	as	
33%–	40%	of	women	in	certain	age	groups	using	COCs	at	any	one	
time.1	Approximately	40%	of	postmenopausal	women	in	the	United	
States have been on hormone replacement therapy (HRT). The num-
ber of people on hormonal therapy (HT) will likely increase in the 
coming years with the growing population of individuals undergo-
ing gender transition.2,3 Due to the prevalence of these therapies, 
any	complication	–		even	rare	ones	–		can	have	an	impact	on	a	large	
number of individuals. This article provides an updated review of the 
estimated	venous	thrombotic	risks	of	hormone-	containing	therapies	
along with a discussion of modifiers to this risk.

2  |  CHALLENGES IN DATA GATHERING

The	ideal	method	for	determining	hormone-	related	thrombosis	risks	
is through prospective randomized trials of these agents. However, 
this is not always feasible. Instead, large patient populations are 
studied	 using	 a	 variety	 of	 epidemiological	 techniques,	 including	
reviews of large pharmacy databases, biomarker studies, central-
ized	 hospital	 registries,	 cohort	 studies,	 and	 case–	control	 studies.	
The information below is integrated from these sources to better 
inform practice. Ranges for data, where included, represent the 95% 
confidence	intervals	(CIs).	Findings	regarding	the	various	hormone-	
containing products are summarized in Figure 1.

3  |  HORMONAL CONTR ACEPTION

The	 overall	 risk	 of	 thrombosis	 in	 COC	 users	 is	 anywhere	 from	 2-		
to	 9-	fold	 higher	 compared	 to	 nonusers.4–	7 Various manifestations 
of	 hormonal	 contraceptive–	associated	 venous	 thromboembolism	
(VTE) have been reported and include deep vein thrombosis (DVT), 
pulmonary emboli (PE), and cerebral venous sinus thrombosis.8

3.1  |  Estrogen

The earliest hormonal contraceptive pills contained 150 μg ethinyl 
estradiol	 (EE).	 Over	 the	 past	 50 years,	 considerable	 attention	 has	
been directed to dose reduction of EE. Epidemiologic studies have 

demonstrated a decreased risk of venous thrombosis with a lower 
dose.	The	 risk	of	VTE	 is	 reduced	by	17%–	32%	with	 a	decrease	 in	
estrogen dose from 50 μg	to	40–	30	μg, and further reduced by 18% 
with	a	20-	μg dose, although the risk remains elevated compared to 
nonusers.4,6	 Notably,	 this	 dose	 reduction	 does	 not	 affect	 the	 ef-
ficacy of contraception; however, it can increase the incidence of 
breakthrough uterine bleeding because lower doses are less effec-
tive at maintaining endometrial integrity.9,10

Traditionally, all COCs included EE as the estrogen compo-
nent. Recently, estradiol valerate (E2V), which is hydrolyzed to 17�
-	estradiol	 and	 valerate,	 has	 been	 introduced	 into	 formulations.	 A	
prospective cohort study demonstrated a reduced incidence of VTE 
with E2V compared to EE, with a hazard ratio (HR) of 0.4 (95% CI, 
0.2–	1.0).	The	study	did	not	clarify	which	estrogen	doses	were	used	
for the EE COC group.11 E2V has also been shown to have a lower 
metabolic impact.12–	14

3.2  |  Progesterone

Progestins in the first two generations of COC include levonorg-
estrel,	 norethisterone,	 and	 medroxyprogesterone.	 For	 the	 third-	
generation pills, the progesterone was modified to reduce unwanted 
androgenic side effects, such as hirsutism and the development of 
an	 adverse	 lipid	 profile.	 The	 third-	generation	 progestins	 include	
desogestrel,	 gestodene,	 and	 norgestimate.	Unexpectedly,	multiple	
large epidemiological studies have demonstrated an increased risk 
of	thrombosis	in	users	of	third-	generation	pills	compared	to	second-	
generation pills.15	 In	 individual	studies,	 the	 risk	of	VTE	with	 third-	
generation	 compared	 to	 second-	generation	 pills	 ranged	 from	 no	
increase	to	a	2.6-	fold	increased	risk	of	thrombosis4,16,17 with a large 
meta-	analysis	showing	a	70%	increased	risk		(95%	CI,	odds	ratio	[OR]	
1.4–	2.0).15

There is some uncertainty regarding the findings of these due to 
concerns about sources of potential bias, including preferential use 
of newer agents in women with thrombotic risk factors, increased 
index	of	suspicion	 for	 thrombosis	 in	users	of	newer	products,	and	
duration of use of older versus newer agents.18,19	 A	 large,	 nested	
case–	control	 study	of	patients	with	 first	VTE	on	COCs	controlled	
for confounding risk factors (obesity, smoking status) and revealed 
increased	thrombosis	risk	for	third-	generation	progestins	except	for	
norgestimate. Specifically, preparations containing gestodene and 
desogestrel were associated with significantly higher risks of VTE 
(OR,	4.28	[95%	CI,	3.66–	5.01];	and	3.64	[95%	CI,	3.00–	4.43],	respec-
tively) compared to preparations containing either levonorgestrel or 
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norgestimate	(OR,	2.38	[95%	CI,	2.18–	2.59];	and	2.53	[95%	CI,	2.17–	
2.96],	respectively)	with	the	reference	variable	being	no	exposure.20 
Similarly,	 the	 third-	generation	 progesterone	 cyproterone	 acetate,	
available outside of the United States and used traditionally for acne 
and polycystic ovarian disease (PCOS), has an increased relative risk 
of	2.04	(95%	CI,	1.55–	2.49)	compared	with	levonorgestrel	contain-
ing COCs.21

The	 newer	 fourth-	generation	 progesterone	 drospirenone	 is	 a	
derivative of spironolactone and has mild antimineralocorticoid and 
antiandrogenic effects.22 Currently, it is unclear if thrombosis risk is 

increased	with	 its	use	compared	to	second-	generation	pills	due	to	
conflicting evidence. Two large prospective studies showed no in-
crease	in	thrombosis	with	drospirenone-	containing	COCs	compared	
to	other	progestin-	containing	COCs,	namely,	the	second-	generation	
progestin levonorgestrel,23–	25 while a systematic review and network 
meta-	analysis	demonstrated	an	increased	OR	of	up	to	4.2.4,6,20,26,27 
A	2014	Cochrane	Review	on	the	topic	concluded	that	 the	relative	
risk of venous thrombosis associated with COCs containing dro-
spirenone	was	similar	to	those	containing	third-	generation	progestin	
formulations. The review suggested that preparations with both the 

F I G U R E  1 List	of	available	hormone	preparations	for	contraception	in	the	United	States.	Formulations	are	grouped	roughly	in	order	of	
ascending	risk	of	VTE	based	on	the	best	available	evidence.	Note	the	individual	exceptions	in	each	of	the	different	generations	of	COC.	
*Effectiveness	as	measured	by	prevention	of	unwanted	pregnancy	in	the	first	year	of	typical	use	(Reference	[33])	†Contraindicated	in	those	
with	prior	DVT,	though	this	is	based	on	data	regarding	oral	preparations	of	etonogestrel	‡Reference	[30]	§Reference	[34]	¶	Contraindicated	
in	body	mass	index	≥30 kg/m2	**Reference	[20]	††Not	available	in	the	United	States	for	contraception	but	is	included	in	this	table	for	
completion's	sake	‡‡	All	formulations	with	ethinyl	estradiol	dose	of	>50 μg	are	labeled	as	high	risk	of	VTE.	Abbreviations:	COC,	combined	
oral	contraception;	LNG	IUD,	levonorgestrel	intrauterine	device;	OR,	odds	ratio;	VTE,	venous	thromboembolism
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third-		and	fourth-	generation	progestins	had	a	50%–	80%	increased	
risk	 of	 VTE	 compared	 to	 the	 second-	generation	 progestin	 levo-
norgestrel.9 Because the thrombogenicity of drospirenone remains 
controversial, we recommend that the agent is limited to women 
who may benefit from its specific antiadrenergic properties, like pa-
tients with PCOS, and do not have other established risk factors for 
VTE, including family history.28,29

Regarding	 progestin-	only	 contraceptives,	 evidence	 from	 a	
2016	systematic	 review	and	2012	meta-	analysis	demonstrated	no	
increased	 risk	 of	 venous	 thrombosis	with	 progestin-	only	 formula-
tions,	including	oral	progesterone	(the	mini-	pill),	intrauterine	device	
(IUD),	 and	 subdermal	 implants	 (OR,	1.03	 [95%	CI,	0.76–	1.39]).30,31 
Since the 2016 review, drospirenone has been incorporated into a 
progestin-	only	pill.	One	study	demonstrated	that	the	drospirenone	
pill induced no significant changes in hemostatic laboratory values 
such as factor VIII levels.32	While	not	equivalent	to	real-	world	data,	
this	 suggests	 that	 like	 other	 progestin-	only	 pills,	 those	 containing	
drospirenone do not carry an increased risk for thrombosis. Of note, 
the	progestin-	only	pill	has	reduced	efficacy	overall	and	requires	ex-
cellent	compliance	compared	to	the	 levonorgestrel	 (LNG)	 IUD	and	
subdermal implant.33

3.3  |  Method of delivery

For	 both	 compliance	 and	 convenience,	 estrogen-	containing	
patches and vaginal rings are becoming more popular as meth-
ods	 of	 hormonal	 contraception.	 The	 progesterone	 components	 –		
17-	deacytylnorgestimate	 (metabolite	 of	 norgestimate)	 in	 patches	
and etonogestrel (metabolite of desogestrel) in implants and vagi-
nal	 rings	 –		 are	 the	 same	 as	 those	 in	 third-	generation	 pills,	 raising	
concerns	 for	 increased	 thrombosis	 rates	 compared	 to	 second-	
generation pills. In one study, the combined contraceptive patch and 
ring	had	a	relative	risk	(RR)	of	7.9	(95%	CI,	3.5–	17.7)	and	6.5	(95%	CI,	
4.7–	8.9)	for	VTE,	respectively,	compared	to	nonusers	of	any	hormo-
nal contraceptives.34 Traditionally, data for the patch have been con-
tradictory, with study results varying from improved safety profile 
to	2-	fold	risk	of	thrombosis	compared	to	oral	COCs	containing	the	
third-	generation	norgestimate.35–	40

The	 depot	 formulation	 contains	 medroxyprogesterone	 (sec-
ond generation).23,41 Two studies have shown an increased risk of 
thrombosis	 with	 injectable	 depot-	medroxyprogesterone	 (DMPA)	
compared to nonusers with an OR ranging from 2.2 to 3.6.42	A	2016	
systematic review also demonstrated an increased OR of VTE of 2.2 
(95%	CI,	1.3–	4.0)	with	the	use	of	injectable	DMPA	when	compared	
to nonusers of hormones.30

The	 IUD	 that	 releases	 LNG	 is	 another	 option.	 Several	 studies	
have	shown	no	increased	rate	of	thrombosis	in	users	of	the	LNG	IUD	
compared to nonusers of COC.4,34,42,43	Therefore,	the	LNG	IUD	is	an	
optimal choice for women with thrombophilia, previous thrombo-
sis, or significant risk factors.4,34,42	For	patients	who	are	intolerant	
of or averse to the IUD, the subdermal implant (which releases the 
progesterone etonogestrel) likely offers a similar balance of safety 

with high efficacy. While few studies offer a dedicated perspective 
regarding this, the few that have included the implant in analyses 
have either shown no increased risk or increased risk with wide CIs 
overlapping with odds of nonusers.30,43	Both	the	LNG	IUD	and	sub-
dermal	 implant	 offer	 excellent	 efficacy	 for	 pregnancy	 prevention	
(<1%	failure	rate)	and	do	not	require	daily	dosing.

4  |  HORMONE REPL ACEMENT THER APY

The risk of venous thrombosis is increased in women taking HRT 
and	was	2-	fold	higher	compared	to	nonusers	in	a	large	double-	blind	
randomized	 control	 trial.	 Older	 age,	 increased	 body	 mass	 index	
(BMI),	 and	 factor	V	 Leiden	 (FVL;	 both	homozygous	 and	heterozy-
gous mutations) further increased this risk.44 Baseline biomarkers 
may also predict likelihood of developing VTE on HRT. In one large 
case–	control	study,	baseline	elevated	D-	dimer	was	associated	with	a	
6-	fold	increased	odds	(95%	CI,	3.6–	9.8)	of	VTE	compared	to	normal	
baseline	D-	dimer	for	patients	started	on	HRT.45

4.1  |  Estrogen

Hormone replacement therapy has traditionally used one of two 
formulations—	estradiol	 (E2)	 or	 conjugated	 equine	 estrogen	 (CEE).	
One observational study demonstrated an increased venous throm-
bosis	risk	with	oral	CEE	compared	to	oral	E2	(OR,	2.08	[95%	CI,	1.02–	
4.27]).46 This finding is supported by the results of a large, nested 
case–	control	study	that	demonstrated	a	lower	risk	of	VTE	with	both	
E2-	only	(OR,	0.85	[95%	CI,	0.76–	0.95])	and	combined	preparations	
(OR,	0.83	[95%	CI,	0.76–	0.91])	compared	to	CEE.40 However, a 2021 
large retrospective cohort study of HT users showed no increased 
risk	of	VTE	when	comparing	CEE	to	oral	E2	(HR,	0.96	[95%	CI,	0.64–	
1.46])	 and	 transdermal	E2	 (HR,	0.95	 [95%	CI,	 0.60–	1.49]).47	Given	
the variability of results, it is unclear if the formulation of estrogen 
affects VTE in HRT.

4.2  |  Progesterone

In	a	large	prospective	study,	estrogen-	only	HRTs	posed	less	risk	than	
combination therapies.40 However, most formulations of HRT con-
tain	progestin	to	prevent	excessive	buildup	of	the	uterine	lining	and	
subsequent	 increased	 risk	 of	 endometrial	 cancer.	 For	 this	 reason,	
unopposed estrogen is contraindicated in postmenopausal women 
without	 a	 history	 of	 hysterectomy.	 Acknowledging	 that	 progestin	
plays a necessary role in these therapies, studies have focused on 
determining which progesterone is the safest. In a large prospec-
tive	 study,	 oral	 combined	HRT	with	 first-	generation	 progesterone	
medroxyprogesterone	showed	an	 increased	 risk	of	VTE	compared	
to	HRT	with	other	progestins,	with	a	RR	of	2.67	(95%	CI,	2.25–	3.17)	
versus	1.19	(95%	CI,	1.69–	2.17).41	For	women	who	require	combined	
HRT,	we	 recommend	 formulations	 that	contain	 second-	generation	
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progestins due to the lower associated VTE risk in both HRT and 
COC studies.

4.3  |  Method of delivery

While oral estrogen and progesterone are shown to have an in-
creased risk of VTE, the risk is much lower for transdermal estrogen 
in	HRT.	For	example,	in	one	study,	the	RR	for	VTE	was	1.42	(95%	CI,	
1.21–	1.66)	for	oral	estrogen	and	0.82	(95%	CI,	0.64–	1.06)	for	trans-
dermal	estrogen-	only	with	nonusers	as	reference.41	A	2019	nested	
case–	control	study	of	over	80 000	women	with	VTE	demonstrated	
transdermal preparations to be the safest method of HRT with no 
associated increased risk of VTE.40 Oral estrogen therapy has been 
shown	 to	 activate	 the	 coagulation	 cascade	 and	 result	 in	 acquired	
protein C resistance, while transdermal estrogen has minimal effects 
on hemostatic parameters.48 The transdermal formulations studied 
in	HRT	did	not	contain	a	progesterone,	which	may	explain	the	dif-
ference	in	risk	of	VTE	with	HRT	versus	COC	patches.	Notably,	there	
is no clear association of thrombosis with topical vaginal estrogen 
administration for postmenopausal dryness and VTE.49

5  |  TR ANSGENDER MEDICINE

Recently, more individuals have had the opportunity to seek medi-
cal care for gender transitions. Data from 2011 has reported that 
up	to	700 000	people	 identify	as	transgender	 in	the	United	States	
alone.50 The field of transgender medicine involves both hormonal 
therapies and surgical procedures that align with one's preferred 
gender	 identity.	For	many,	 these	 interventions	are	essential	 to	the	
gender-	affirming	 process.	 The	World	 Professional	 Association	 for	
Transgender Health and the Endocrine Society have developed 
guidelines to help clinicians and patients in these efforts.51–	53 
Unfortunately, compelling data regarding the risks associated with 
these therapies is currently lacking. We have summarized the rec-
ommendations regarding thrombotic complications in this specific 
population	from	a	collective	of	retrospective	studies	and	extrapola-
tions from the abundance of information regarding postmenopausal 
cisgender women receiving HRT and cisgender men receiving an-
drogen deprivation or estrogen therapy in the setting of prostate 
cancer.54	Additional	prospective	studies	are	needed	to	better	under-
stand the inherent risks of these therapies and to pursue appropriate 
risk reduction.

5.1  |  Estrogen

Estrogen is the mainstay intervention for transgender women (as-
signed	male	sex	at	birth).

Trans	women	on	HT	experience	an	 increased	rate	of	VTE	with	
a	 prevalence	 as	 high	 as	 6%	 on	 HT	 in	 one	 cross-	sectional	 study	
in	 which	 the	 average	 length	 of	 use	 was	 10 years.55 Similar to 

estrogen-	containing	 therapies	 in	 cis	women,	 the	 risk	of	VTE	 is	 in-
creased with a history of thrombosis, thrombophilia, smoking, or 
obesity.56 The available retrospective data demonstrate that the 
risk of VTE is highest with oral estrogen, particularly EE, and during 
the first year of therapy. Therefore, we recommend that individuals 
with	the	aforementioned	high-	risk	features	should	be	given	formu-
lations containing E2V or 17�-	estradiol	at	the	lowest	possible	dose.	
As	noted	above,	transdermal	preparations	appear	to	have	low	to	no	
risk	of	VTE,	leading	some	experts	to	suggest	it	as	first-	line	therapy	
–		particularly	for	patients	aged	>40 years.57

5.2  |  Testosterone

Testosterone is the mainstay of HT for trans men (assigned female 
sex	 at	 birth)	 and	 enhances	male	 secondary	 sexual	 characteristics.	
Additional	agents,	including	medroxyprogesterone	or	gonadotropin-	
releasing hormone analogs, can be employed for menses cessation.

The primary hematologic complication of testosterone therapy 
is an increased risk of secondary erythrocytosis.58 Unlike the pri-
mary erythrocytosis seen in myeloproliferative malignancies, this 
side	 effect	 of	 exogenous	 testosterone	 has	 not	 been	 convincingly	
linked to an increased risk of thrombosis.59–	61 Regardless, current 
guidelines from the Endocrine Society recommend discontinuation 
of testosterone therapy in hematocrit levels >54%.62 Efforts can be 
made	 to	maintain	 adequate	 red	 cell	 indices	 by	 avoiding	high-	dose	
testosterone and intramuscular testosterone, although transdermal 
testosterone has been shown to have this effect as well.63,64

Reassuringly, in cis men, supplemental testosterone has not 
been associated with increased rates of VTE in large retrospective 
cohort studies or an increased risk of cardiovascular disease in a 
large prospective study.65–	68	 One	 case–	control	 study	 in	 cis	 men	
demonstrated	an	increased	risk	of	VTE	of	1.63	(95%	CI,	1.12–	2.37)	
within the first 6 months of use that was no longer significant at 
1 year of use.69 There are fewer studies for women on testosterone, 
including trans women. Limited data from case reports of women 
on testosterone and a retrospective observational series of trans 
men have yielded similar results to those of cis men regarding VTE 
risk.65

6  |  THROMBOSIS RISK FAC TORS

The	risk	of	VTE	in	individuals	depends	on	both	medication-	related	
factors,	 such	 as	 length	 of	 exposure,	 and	 user-	related	 risk	 factors,	
including	age,	BMI,	and	inherited	or	acquired	thrombophilia.	A	sug-
gested approach regarding these is summarized in Figure 2A.

6.1  |  Length of exposure

All	studies	show	a	marked	increase	in	the	risk	of	thrombosis	within	
the first months of use of hormonal therapies with an OR as high as 
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12	reported	for	the	first	3 months	and	9	within	the	first	year.4,6,7 This 
increased risk within the first year is most pronounced in women 
aged <30 years.7 With time, the risk of thrombosis decreases, per-
haps	because	higher-	risk	patients	stop	using	due	to	thrombosis,	but	
always	remains	higher	than	nonusers.	This	risk	normalizes	3 months	
after stopping the pill.70 These data have not been replicated in trans 
women.

6.2  |  Age

Thrombosis rates have been shown to significantly increase with 
age. In women aged <30 years,	venous	thrombosis	incidence	is	1.2–	
3.7	events/10	000	person-	years	with	estrogen	use,	which	increases	
to	2–	10	events/10	000	person-	years	for	women	aged	30–	40 years.6 
In one study, the thrombosis risk with oral hormonal contraceptive 

F I G U R E  2 Proposed	flowcharts	for	
the consideration of initiating hormonal 
contraceptive therapy or hormone 
replacement	therapy	(A),	and	for	the	
approach to the patient who develops 
a venous thromboembolic event while 
on the aforementioned therapy (B). 
*Risk factor for consideration but should 
undergo risk/benefit discussion with the 
patient	†Expert	advice	may	be	needed	to	
determine	factors.	Abbreviations:	BMI,	
body	mass	index;	COC,	combined	oral	
contraceptive; HRT, hormone replacement 
therapy;	LNG	IUD,	levonorgestrel	
intrauterine device; VTE, venous 
thromboembolism
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use	 was	 14.2/10	 000	 person-	years	 in	 40-	year-	old	 women	 and	
34/10	000	person-	years	in	women	aged	>45 years.17

A	case–	control	study	of	VTE	risk	in	women	aged	>50	(range,	50–	
70;	average,	59)	years	found	that	exposure	to	any	HT	significantly	
increased	the	risk	of	VTE	6.3-	fold	compared	to	similarly	aged	non-
hormone users. This risk was further increased to 10.2 with COCs 
containing	 desogestrel	 (third-	generation	 progesterone).	Oral	 com-
bined	 postmenopausal	 HRT	 use	 demonstrated	 a	 3.9	 to	 4-	fold	 in-
creased risk compared to nonusers.71

6.3  |  Obesity

For	any	patient,	obesity	is	a	risk	factor	for	thrombosis,	and	this	holds	
true for users of COCs.1,16,70 In several studies, the OR of thrombosis 
for	women	on	COCs	with	BMI < 20 kg/m2 compared to >30 kg/m2 
was	2.7–	4.6.25,70	In	the	MEGA	study,	women	with	BMI	>30 on COCs 
had	an	increased	risk	of	VTE	with	an	OR	of	24	(95%	CI,	13.35–	42.34),	
while	nonusers	with	a	BMI	>30	had	an	OR	of	3	(95%	CI,	2.85–	6.03).72 
In a separate study on postmenopausal women, the HR for VTE was 
5.61	 (95%	CI,	3.12–	10.11)	 in	women	with	a	BMI > 30	on	combined	
HRT	and	2.87	 (95%	CI,	1.52–	5.4)	 in	women	with	BMI > 30	on	pla-
cebo,	using	nonusers	with	a	BMI	<25 as reference.44	As	obesity	rises	
in the population, this interaction with hormonal therapies will be-
come a more prevalent risk factor.

6.4  |  Inherited thrombophilia

The presence of inherited thrombophilia is a major modifier of 
thrombotic risk in users of hormonal therapies. The majority of the 
data	come	from	women	with	FVL,	as	this	is	the	most	common	inher-
ited thrombophilia with a heterozygous prevalence of 5% and ho-
mozygous prevalence of 0.02% in the general population. Of note, 
FVL	mutations	are	primarily	observed	in	White	people.	The	risk	of	
first	VTE	with	an	FVL	mutation	is	increased	3-	fold.	Multiple	studies	
show	an	increase	in	the	risk	of	thrombosis	ranging	from	15-		to	35-	
fold	in	women	with	a	FVL	mutation	who	use	COCs	compared	to	non-
users without a prothrombotic mutation.1,73,74 The risk of VTE with 
COC use is also significantly increased in women with a prothrombin 
gene mutation and rarer thrombophilias, such as protein C and S de-
ficiency	or	antithrombin	deficiency.	A	2016	meta-	analysis	on	COC	
users	showed	that	the	RR	of	VTE	was	6	(95%	CI,	4.21–	8.23)	for	those	
with	“mild”	thrombophilia	(FVL	or	prothrombin	mutation)	and	7	(95%	
CI,	2.93–	17.45)	for	those	with	“severe	thrombophilia”	(antithrombin	
deficiency,	 protein	C	 and	 S	 deficiency,	 and	 homozygosity	 for	 FVL	
or prothrombin mutation), with COC users without thrombophilia 
as reference.75

We	 recommend	 women	 with	 thrombophilia	 who	 require	 hor-
monal contraception be placed on the least thrombogenic formu-
lations	like	the	LNG	IUD	or	implant.	There	may	be	some	situations	
where	 the	 specific	 benefits	 of	 estrogen-	containing	 contracep-
tives	outweigh	the	VTE	risk.	Examples	 include	women	with	heavy	

menstrual	 bleeding,	 PCOS,	 endometriosis,	 or	 severe	 cycle-	related	
symptoms. In these situations, symptom management and treatment 
with	COC	use	could	significantly	improve	quality	of	life	and	may	be	
worth the potential risk of thrombosis, even in the disease states 
that	carry	an	independent	risk	for	VTE,	such	as	in	PCOS.	Although	
women	with	 FVL	mutations	 have	 an	 increased	 risk	 of	 thrombosis	
with contraception (33:10 000 people per year), the risk is even 
higher during pregnancy (1:1000 people per year).76 Overall, we rec-
ommend	providers	have	detailed	risk–	benefit	discussions	involving	
shared decision making with any patient with thrombophilia con-
sidering	estrogen-	containing	therapies.	If	they	decide	to	initiate	an	
estrogen or COC therapy, we recommend using the lowest dose of 
estrogen	possible	and	a	lower-	risk	progesterone	(second	generation).

Currently, universal screening is not recommended before the 
initiation of COC. Screening may be considered in women with a 
family history of venous thrombosis (two or more episodes of VTE in 
first-	degree	relatives);	however,	progesterone-	only	therapy	(such	as	
the	LNG	IUD	or	subdermal	implant)	would	be	preferred	for	patients	
with a family history regardless of a laboratory diagnosis of throm-
bophilia.	Notably,	the	PILGRIM	study	found	that	the	prevalence	of	
VTE in women on COCs was not statistically significant regardless 
of	the	presence	of	a	first-	degree	family	history	of	VTE	(29.3%	with	
family history vs 23.9% without; p = 0.09).77 The study also revealed 
that	non-	O	blood	 type	was	a	predictor	of	VTE	 (OR,	1.98	 [95%	CI,	
1.57–	2.49]),	potentially	due	to	decreased	von	Willebrand	factor	lev-
els in type O blood groups.78 Despite this evidence, no formal rec-
ommendations have been made regarding blood type and COCs or 
HRT.	Finally,	there	are	no	strong	data	to	support	the	screening	for	
thrombophilia in trans women undergoing hormonal transition.

6.5  |  History of superficial venous thrombosis

There is some evidence that a history of superficial venous throm-
bosis (SVT) may be associated with an increased risk of future DVT 
or	VTE.	The	MEGA	study	has	shown	a	4-		to	6-	fold	increase	of	VTE	
after SVT. In women with a history of SVT, the use of COC, HT, and 
pregnancy	were	associated	with	a	34.9-	fold	increased	VTE	risk.6,79 
Importantly,	 however,	 these	 data	 come	 from	 self-	reported	 preva-
lence of SVT, which were not confirmed, and no distinction was 
made	between	lower-	extremity	SVT	and	catheter-	associated	upper-	
extremity	SVT.	No	comment	was	made	in	this	study	regarding	the	
formulation of contraception. While this analysis warrants confir-
mation	of	the	findings,	these	data	may	still	inform	shared	decision-	
making conversations regarding the use of contraception, family 
planning, and hormonal therapies.

6.6  |  Hormone therapy in the era of COVID- 19

Coagulopathy	has	been	recognized	as	a	complication	of	COVID-	19,	
and the incidence of thrombotic events may be as high as 31% among 
critically ill patients with the disease.80,81 There is a concern that 
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hormone therapy may compound this thrombotic risk. The Spanish 
Menopause	Society	has	 released	guidelines	 taking	the	stance	that	
there would likely be a greater risk of thrombosis in users of estro-
gen	with	COVID-	19.	Based	on	expert	opinion,	they	advise	patients	
with	COVID-	19	on	hormonal	therapies	to	stop	treatment	or	switch	
to	lower-	risk	therapy	in	most	cases.82 Epidemiologic data, however, 
have failed to reveal such an association, and the Italian Society of 
Contraception recommend against discontinuing contraception in 
cases of asymptomatic to moderate infection.83,84 In fact, women 
with	COVID-	19	are	 less	 likely	 to	develop	 thrombosis	compared	 to	
men, and there is suspicion that progesterone and certain estrogens 
may be protective against severe infection with some even propos-
ing estradiol as a potential treatment.85–	87	This	is	a	paradox	to	the	
fact that patients who are pregnant or recently pregnant (and thus 
with high levels of circulating estrogens/progesterones) and con-
tract	 COVID-	19	 are	more	 likely	 to	 experience	 severe	 illness	 com-
pared to women of reproductive age who are not pregnant, outlined 
in a couple of systemic reviews. The aforementioned studies do not 
comment on thrombotic events in this population.88 The discrep-
ancies in data and recommendations highlight the need for further 
research on the role of estrogen and progesterone in the complica-
tions,	prevention,	and	perhaps	the	treatment	of	COVID-	19.	Until	re-
search identifies a clear association between hormone therapy and 
thrombosis	 risk	 in	 COVID-	19	 patients,	 we	 recommend	 continuing	
hormone	therapy	in	non–	critically	ill	patients.

6.7  |  Pregnancy

In discussing contraceptives, it is worthwhile to consider pregnancy 
and its thrombotic risks. Pregnancy itself induces a prothrombotic 
state, which leads to a significantly increased risk of thrombosis, 
with	an	incidence	of	1–	2:1000	and	a	death	rate	from	thrombosis	of	
1–	4:100 000.89–	91 In one study, the baseline risk for thrombosis in 
nonusers	of	COC	was	4.4/10	000	person-	years,	which	increased	to	
8/10	 000	 person-	years	 with	 levonorgestrel-	containing	 COCs	 and	
29.1/10	 000	 person-	years	 during	 pregnancy.25,92 Therefore, it is 
important to factor in the high thrombosis risk in pregnancy when 
discussing the risks and benefits of hormonal contraception with pa-
tients. Clinicians and patients should also consider male partner con-
traceptive options, including vasectomy or barrier contraception, 
which impart no increased risk for thrombosis for either partner.

7  |  MANAGEMENT OF VENOUS 
THROMBOSIS WHILE ON HORMONAL 
THER APY

7.1  |  Immediate management

The approach to the patient who develops thrombosis while on ther-
apy is summarized in Figure 2B. Estrogen is the most common risk 
factor for thrombosis in young women.93	Abundant	data	have	shown	

that	 the	 risk	of	 future	 thrombosis	 is	 low	after	3 months	of	antico-
agulation,	and	therefore,	women	with	any	thrombosis	on	estrogen-	
only	 medication	 may	 require	 only	 short-	term	 anticoagulation	 for	
3 months.	This	recommendation	does	not	necessarily	apply	to	those	
with independent provocative factors including active malignancy 
and inflammatory bowel disease, and situations such as these re-
quire	 careful	 consideration	 for	 anticoagulation	 duration.	 Although	
the presence of thrombophilia predicts the first thrombosis, it is un-
clear if it predicts an increased risk of recurrent thrombosis.

Among	women	who	 require	 anticoagulation	 for	 the	 treatment	
of VTE or other conditions, special consideration must be given 
to those of childbearing age, owing to possible adverse effects 
of	 direct	 oral	 anticoagulants	 (DOACs)	 and	 vitamin	 K	 antagonists	
(VKAs)	on	fetal	well-	being.	Also,	anticoagulation	is	associated	with	
an increase in heavy or abnormal uterine bleeding, which can be 
mitigated by hormonal contraceptive use. Various organizations 
including the World Health Organization have developed recom-
mendations around the necessity of contraception while on antico-
agulation,	with	 considerable	 variation	between	 societies.	Analysis	
of	data	from	the	EINSTEIN	DVT	and	PE	trials	demonstrated	no	in-
creased	 association	 between	 recurrent	DVT	 for	women	on	VKAs	
or	DOACs	and	combination	or	progestin-	only	hormonal	therapies.94 
Therefore,	 thrombosis	experts	 tend	 to	agree	on	continuing	effec-
tive contraceptive use while undergoing anticoagulation and that 
for those who remain on hormonal contraception going forward, 
continued anticoagulation appears effective in reducing recurrent 
VTE risk.95	For	women	on	warfarin	and	COCs,	additional	dose	ad-
justments	and	monitoring	may	be	 required	when	starting,	discon-
tinuing, or holding therapy (placebo days) due to altered hepatic 
metabolism of warfarin.96

7.2  |  Implications for future estrogen use

Patients with a history of thrombosis are at an increased risk of an-
other clot if they resume estrogen therapy. In one prospective study, 
women	who	 had	 an	 estrogen-	related	 thrombosis	 had	 a	 long-	term	
recurrence	rate	of	9.7/1000	patient-	years	if	they	remained	off	of	es-
trogen,	which	increased	to	27.3/1000	patient-	years	if	they	had	any	
COC use after the first VTE.93 Of note, the majority of the women 
in	 the	 study	 received	≤1	year	of	 anticoagulant	 therapy.	 In	women	
with	a	history	of	non–	estrogen-	related	VTE	who	later	used	COC,	the	
thrombosis	 rate	was	even	higher,	 at	35/1000	patient-	years.	While	
the risk of recurrence in women using COCs after a diagnosis of VTE 
has	 never	 been	 studied	 in	 a	 randomized	 placebo-	controlled	 trial,	
the risk has been studied in women on HRT. This study, however, 
was stopped early due to a dramatically increased recurrence rate 
in the estrogen group (8.5%) compared to the placebo group (1%). In 
women	with	a	history	of	thrombosis,	estrogen-	containing	therapies	
should be avoided if possible. If avoidance is not possible, antico-
agulation should be strongly considered for as long as the woman 
requires	this	therapy,	with	regular	discussion	of	risks,	benefits,	and	
alternatives.97
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7.3  |  Management considerations for 
transgender women

Trans women who develop a VTE while on HT should be treated 
with therapeutic anticoagulation to decrease the risk of recurrent 
thrombosis. Risk reduction can be achieved by changing oral estro-
gen to a transdermal formulation.57 While the risk of recurrent VTE 
is lower with transdermal estrogen, there is insufficient evidence to 
determine	 if	 the	risk	 is	mitigated	with	this	 therapy	adjustment.	As	
such, barring other contraindications to anticoagulation, we recom-
mend continuing anticoagulation for trans women with a history of 
VTE while on HT, which is presumed indefinite in the setting of gen-
der transition, following careful discussion of risks and benefits. Of 
note, there are no data to support the use of prophylactic aspirin or 
anticoagulation in trans women.

A	trans	woman	on	HT	undergoing	elective	 surgery	 is	 at	 an	 in-
creased	risk	of	thrombosis	due	to	both	exogenous	estrogen	and	the	
inherent	risk	of	VTE	in	the	perioperative	period.	Guidance	is	based	
on	extrapolations	from	expert	opinion	in	perioperative	management	
of HRT in postmenopausal cis women. In this population, formal 
consensus	 recommends	 holding	 HRT	 for	 2–	4 weeks	 before	 sur-
gery.98 Studies to support this are lacking, and the recommendation 
relies on the notion of the relatively low risk of holding the medi-
cation.	A	recent	single-	center	retrospective	study	 in	2021	showed	
no significant risk of VTE associated with continuing HT throughout 
the	perioperative	period;	however,	the	study	was	limited	to	gender-	
affirming surgeries.99	 Acknowledging	 the	 lack	 of	 comprehensive	
data, we agree with previous recommendations that advise holding 
HT	for	2 weeks	before	surgery	with	resumption	once	mobility	is	re-
gained,	in	addition	to	routine	postoperative	DVT	prophylaxis.

8  |  SUMMARY

Hormone	 therapy	 is	 indicated	 in	 many	 clinical	 contexts	 including	
contraception, postmenopausal HRT, and transgender medicine. 
With knowledge of the established thrombotic risks in mind, provid-
ers should consider the following when pursuing HTs with patients.

8.1  |  Hormonal contraception

• The risk of venous thrombosis can be decreased by using the lowest 
possible	dose	of	estrogen	in	combination	with	lower-	risk	progestins	
(second	generation)	or	progesterone-	only	contraceptives	(Figure 1).

•	 Rings,	patches,	implants,	and	oral	delivery	methods	of	estrogen-	
containing contraception all carry an elevated risk of venous 
thrombosis,	as	does	the	use	of	DMPA.

•	 Intrauterine	progestin-	only	devices	are	the	safest	choice	for	hor-
monal contraception in patients with an increased risk of VTE, 
including those with a history of thrombosis, certain thrombophil-
ias, and obesity. Subdermal implants have a similar safety profile.

• The RR of venous thrombosis while on hormonal contracep-
tion	 should	 be	 considered	 in	 the	 context	 of	 the	 higher	 RR	 of	
pregnancy-	associated	venous	thrombosis.

• With regards to contraception, the risk of venous thrombosis can 
be mitigated by using nonhormonal forms of birth control.

8.2  |  Hormone replacement therapy

• Hormone replacement therapy is associated with higher risk of 
thrombosis and is further elevated with certain patient charac-
teristics	including	increased	age,	BMI,	and	elevated	baseline	bio-
markers	such	as	D-	dimer.

• It is uncertain if the formulation of estrogen influences throm-
botic risk.

• Topical and transdermal routes of administration of estrogen have 
no associated increased risk of VTE.

8.3  |  Transgender care

•	 Male-	to-	female	 (MTF)	HT	 increases	 the	 risk	of	 thrombosis	 and,	
similar to cisgender individuals, this risk is further increased by an 
underlying history of thrombosis, thrombophilia, obesity, or other 
risk factors.

•	 For	MTF	patients	pursuing	HT,	risk	reduction	can	be	achieved	by	
using	 lower-	risk	 estrogen	 formulations	 (estradiol	 valerate),	 the	
lowest possible dose to achieve desired effects, and the transder-
mal route of administration.

• There are no data to support prophylactic aspirin or anticoagula-
tion,	nor	screening	for	thrombophilia	in	the	MTF	population	seek-
ing HT.

8.4  |  Patient care

• There is no recommendation to screen women for inherited 
thrombophilias before initiating hormonal contraceptives, par-
ticularly in the absence of a known family history of inheritable 
thrombophilia.

•	 For	 those	who	 develop	 a	VTE	 on	HT,	HT	 does	 not	 need	 to	 be	
stopped while on anticoagulation. The duration of anticoagulation 
is dependent on risk factors present including any ongoing and 
future HT use.

• There is no clear consensus regarding the handling of HT during 
active	COVID-	19	infection.
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