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Abstract

Estrogen, in the clinical setting is used primarily for contraception and hormone replacement 

therapy. It has been well established that estrogen increases the risk of both arterial and venous 

thrombosis. While estrogen is known to induce a prothrombotic milieu through various effects on 

the hemostatic pathways, the exact molecular mechanism leading to those effects is not known. 

The most common clinical presentation of estrogen-related thrombosis is venous 

thromboembolism (VTE) of the deep veins of the legs or pulmonary vessels, usually within the 

first few months of use. Estrogen has also been associated with increased risk of “unusual site” 

thromboses, as well as arterial thrombosis. Women at high-risk of thrombosis need careful 

evaluation and counseling for contraception, pregnancy, menopausal hormonal therapy and other 

estrogen-related conditions or treatments in order to lower the risk of thromboses. We review the 

most recent evidence on management of high-estrogen states in women at high-risk of thrombosis, 

as well as emerging data on unique populations such as transgender women. More studies are 

needed to better understand the pathophysiology of hormone-related thrombosis, as well as more 

comprehensive techniques to stratify risks for thrombosis so as to enable tailoring of 

recommendations for each individual.

Introduction

Worldwide, hundreds of millions of women use exogenous estrogens either as contraceptives 

or as post-menopausal hormonal replacement. There is significant evidence that estrogen use 

in both these situations is associated with an increased risk of thrombosis, both arterial and 

venous. The increased risk is dependent both on the dose and well as the mode of delivery of 

the hormone, and studies identify alterations in numerous aspects of the hemostatic and 

fibrinolytic pathways that contribute to the generation of a prothrombotic milieu. This 
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review summarizes the mechanisms identified, the various clinical situations predisposing to 

the increased risk of estrogen-associated thrombosis and the management thereof.

Discovery of Estrogens

In 1896, a young Austrian researcher excised the ovaries of adult rabbits, re-implanted 

pieces of the ovaries in different locations and noted that unlike oophorectomized rabbits, 

there was an absence of uterine atrophy. Based on this, he postulated that the ovaries must 

likely send some substance via the blood stream to the uterus.[1] By 1924, the estrus cycle 

and its effects on the uterus was well established. [2] In 1929, pure oestrone crystals called 

“theelin”, were purified by Doisy from the urine of pregnant women [3]. Doisy continued 

his work with his colleagues, and went on to describe “dihydrotheelin” in 1940 at St. Louis 

University, which was later renamed as oestradiol [4]. At the same time, another researcher, 

Adolf Butenandt purified oestrone, called “progynon”, and was awarded the Nobel prize in 

1939 for the discovery of oestrogen and testosterone along with Leopold Ruzincka [5, 6]. 

Since then, the work on estrogens and the discoveries continue to evolve.

Physiology of Estrogen

The term estrogen is coined from the Greek word “Oistros” meaning “mad desire” and 

“andgennan” meaning “to produce”. It is a generic term for a family of hormones that affect 

the female reproductive system[7]. The female body naturally produces three forms of 

endogenous estrogen, which have many physiologic functions. 17β estradiol (E2) is a steroid 

hormone synthesized from cholesterol. E2 is the most potent form of estrogen produced by 

the ovary and has the highest affinity for the estrogen receptors. Estrone (E1) and Estriol 

(E3) are less potent metabolites of E2 in the periphery. Aromatization of the A rings of 

androgenic precursors (androstenedione or testosterone) also plays an important role in the 

production of E1, E2 and E3. [8, 9] E2 is the predominant form of estrogen in the pre-

menopausal woman.

In post-menopausal women and men, extra gonadal tissues such as adipose tissue, 

osteoblasts, chondrocytes, vascular endothelium constitute a very important source of 

estrogen synthesis. Availability of C19 steroid precursors determines estrogen production in 

the extragonadal tissues. These include testosterone, androstenedione, 

dehydroepiandrosterone and dehydroepiandrosterone sulfate [10]. In post-menopausal 

women, the adrenal gland continues to make the precursor of E1 – androstenedione. Hence 

the E1 level remains unchanged, while E2 falls significantly. E3 is typically low in non-

pregnant individuals, but high in pregnancy since it is the main estrogen produced by the 

placenta [8, 11, 12]. In a pre-menopausal female, circulating E2 levels range from 40–

400pg/ml, whereas after menopause, the level drops to less than 20pg/mL [13].

A. Estrogen Receptors

Estrogen mediates its effects mainly via 2 nuclear receptors, namely, estrogen receptor α 
(ERα), ERβ, and a newly identified G-protein coupled receptor 30 (GPR30/GPER) [14]. 

Evolutionary studies show that estrogen receptors are ancient proteins expressed in all 

vertebrates and some invertebrates [15]. Estrogen receptors are expressed and produce 
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specific effects in different organ systems of the body - the cardiovascular system, brain, 

bone, liver, adipose tissue, colon, skin, prostate, testes, epididymis and salivary gland [14]

ERα and ERβ are nuclear receptors, which share the same general structure with an amino 

(N) terminal domain (region A/B) which includes a transcription activation function domain 

(AF1), DNA binding domain (region C), a linker (region D), a ligand binding domain 

(region E) that includes the second activation function domains (AF2), and a carboxy 

terminal F domain which is unique to ERs [16, 17]. There exist at least 3 isoforms of ERα 
and 5 isoforms of ERβ [18]. A third nuclear receptor, ERγ has been described in only teleost 

fish, not in humans [19].

ERα and ERβ have different chromosomal loci, 6q25.1 and 14q22–24, respectively. Based 

on the cell type, ligand and promoter, ERα and ERβ have different transcriptional activities 

[20, 21]. While the DNA binding domains have 97% amino acid identity, there is only 16% 

similarity in the AF1 domains in the N terminal region between ERα and ERβ. Further, even 

though the ligand binding domain of ERα and ERβ are only 59% identical in amino acid 

sequences, the ligand binding pockets are very similar [22]. While ERα is primarily present 

in the ovarian thecal cells, uterus, testes, stroma of prostate, liver, kidney, heart, ERβ is 

predominantly seen in granulosa cell of ovary, epithelium of prostate, bladder, colon, and 

immune system. However, they are both co-expressed in many tissues such as mammary 

gland, epididymis, thyroid, adrenal, bone, adipose tissue and nervous system and form 

functional heterodimers [23, 24]. Over the last decade, several studies have identified the 

role for ERs in the plasma membrane and as well as the mitochondria [6]. Although 

discovered several years after ERα, ERβ is recognized to be dominant, and when co-

expressed, has an antagonistic effect on the transcriptional activity of ERα [24].

Estrogen involves several distinct pathways to mediate its effects via estrogen receptors. 

These pathways can be ligand dependent and ligand independent. The ligand dependent 

pathway can be broadly classified as the direct pathway, an indirect/tethered pathway and a 

non-genomic rapid pathway. The direct pathway involves binding of ligand to the ER. Once 

a ligand binds to ERα and ERβ, the ligand bound receptors bind to the same DNA sequence 

known as the estrogen response element (ERE). [14]. The receptor activity can be affected 

by phosphorylation, co-activators and co-repressors [25–28]. The indirect or tethered 

pathway involves ligand activation, following which protein-protein interaction with other 

transcription factors occurs thereby affecting gene regulation by indirect DNA binding. The 

non-genomic rapid pathway, though not very clear, basically involves activation of a 

classical ER in the plasma membrane, followed by second messenger mediated activation of 

signaling cascades that affect nitric oxide levels or ion channels in the cytoplasm, leading to 

a physiological response that does not affect gene regulation [29]. The ligand-independent 

pathway involves activation of ER via other signaling pathways by mechanisms such as 

phosphorylation, resulting in dimerization of ER, DNA binding and gene regulation [29].

In tissues that do not have ERα and ERβ, estradiol mediates its effects via GPER [6]. GPER 

is a membrane protein, with 7 transmembrane regions and is known to activate several signal 

transduction pathways, resulting in phosphorylation of substrate proteins. ERα has been 

reported to be one of the downstream transcription factors, indicating possible interaction 
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between genomic and non-genomic estrogen receptors [14, 30, 31]. GPER stimulates the 

release of heparin binding epidermal growth factor like growth factor (HB EGF) which is 

membrane bound, resulting in activation of the MAPK and PI3 kinase cascade, thereby 

resulting in the desired physiological response. Specifically GPERs have been identified in 

several tissues throughout the body – reproductive organs, brain, heart, vascular system, 

pancreas, skeletal muscle and kidney, with varying expression based on age, sex, tissue type 

and disease.[32, 33] Estrogen effects in cardiovascular, renal, reproductive, immune and 

central nervous systems have been linked to mediation via GPER [6, 34].

Estrogens have effects in almost every cell in the body. Estrogens increase proliferation and 

differentiation of osteoblasts, induce apoptosis of osteoclasts and shift the balance to new 

bone formation and maintenance. Thus, during menopause, bone mineral density decreases 

parallel to decline in estrogen levels. Studies have established that estrogen have an 

important role in myoblast differentiation and growth, indicating their role in skeletal muscle 

development and maintenance. Combined with the effects on the bone, estrogens overall 

reduce the risk of osteoporotic fractures. Estrogens further regulate adipocytes by genomic 

& non genomic signaling, thereby playing an important role in obesity and metabolic 

syndrome. In the skin, estrogens have been shown to prevent aging and promote wound 

healing. Estrogens regulate the heart and the vascular system, and have a protective effect on 

the cytoskeletal integrity of these cells. For a more detailed description of these effects, the 

reader is referred to Wend et al[35]. We summarize the chronology of the various discoveries 

leading to the understanding of the physiological mechanisms of estrogen and its receptors 

in the timeline in Figure 1.

B. Estrogens in Clinical Use

Estrogen, in the clinical setting is used primarily for contraception and hormone replacement 

therapy. Combined hormonal contraceptives (CHC) are the most commonly prescribed and 

preferred form of birth control [41, 42]. There are hundreds of CHCs available to patients, 

marketed by different pharmaceutical companies and at a quick glance are difficult to 

distinguish. However, CHCs are primarily classified based on the following (i) type and dose 

of estrogen, (ii) type of progesterone (iii) monophasic versus multiphasic pills (iv) active 

versus inactive pills [42].

Most CHCs contains one of the 4 available forms of estrogen - ethinyl estradiol (EE), 17β-

estradiol (E2), estradiol valerate (E2V) or mestranol [42–44]. Mestranol, a 3-methyl ether of 

ethinyl estradiol (EE) was the first CHC to be approved in the 1960’s. A pro-drug that is 

demethylated to EE, mestranol is rarely used nowadays [44]. Natural E2 is the most potent 

naturally occurring estrogen in humans [8] and was introduced in the 1970s for oral 

contraception. Though a good contraceptive, a major limitation was relative inactivity when 

taken orally because of extensive hepatic first pass effect. Oral bioavailability of E2 is 5% 

versus the oral bioavailability of EE which is 38–48%. [45, 46]) Attempts to use E2 in CHCs 

in varying doses and combinations with progesterone also resulted in poor cycle control and 

bleeding [8, 45]. E2V is an esterified form of E2, which is rapidly hydrolyzed to estradiol 

after oral intake. E2V has been shown to have comparable or a slightly better impact on 

metabolic and hemostatic parameters. EE is the estrogen component used presently in 
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majority of CHCs and has been heavily relied upon due to its good oral bioavailability in 

comparison to other estrogens. This is more active than the natural forms of estrogens.

Combined estrogen & progesterone: Combined oral contraceptive pills primarily act by 

inhibition of follicular development and inhibition of ovulation. Specifically, the 

progesterone component decreases gonadotropin releasing hormone pulse frequency by 

negative feedback to the hypothalamus, thereby decreasing FSH and LH secretion. This 

prevents development of the follicle and hence, the increase in estradiol levels, thereby 

preventing the mid cycle LH surge necessary for ovulation. [47, 48]

Enovid, the first combined estrogen and progesterone containing pills was approved in 1957 

in the United states for menstrual disorders and in 1960 for contraception[44]. By 1970, as a 

dose relationship between estrogen and thrombosis was established, pharmaceutical 

companies started decreasing the dose of estrogen in the pill, and majority of the combined 

pills in the 1980s had less than 35 micrograms of estrogen, paired with a first or second 

generation progesterone. This was followed by the approval of third generation 

progesterones with norgestimate in 1989 and desogestrel in 1992[49]. With four generations 

of progesterones, there are multiple combination OCPs currently available in market.

Progesterones are classified into different generations as listed below:

First generation: Lynestrenol, Norethisterone

Second generation: Levonorgestrel, Norgestimate, Norgestrel

Third generation: Desogestrel, Gestodene

Fourth generation: Chlormadinone acetate, Cyproterone acetate, Dienogest, 

Drospirenone [41, 42]

Estrogen and Thrombosis

A. Mechanisms

Although estrogen is known to affect multiple hemostatic variables, the exact molecular 

mechanism of estrogen-induced thrombosis remains unclear. Given the delicate balance 

between hemostasis and thrombosis, it is possible that small changes induced by hormonal 

therapy may increase the overall risk of thrombosis [50]. In the paragraphs below, we 

summarize the animal and human studies that identify pathways/factors altered with 

estrogen treatment and that are likely to affect the risk for thrombosis.

1) Platelets and von Willebrand Factor (vWF): The effect of estrogen on platelet 

number varies based on the dose of estrogen, duration of administration and time of 

measurement. Data on the effect of estrogen on platelet counts are conflicting. Treating mice 

with 10–100 micrograms/kg/day E2 over 10 days decreases platelet counts. Additionally, 

while 80 micrograms/kg/day E2 over 3 weeks does not alter platelet count, 200 

micrograms/kg/day E2 over the same period of time tends to decrease platelet counts [51–

54]. Estrogen also modulates platelet activation and aggregation, by either increasing or 

decreasing tail bleeding times in mouse models. Here again, these vary based on the dose of 
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estrogen and duration of administration. In summary, as stated in a meta-analysis by Dupuis 

et al, the data in human studies examining the effect of hormonal therapy on platelet number, 

activation and aggregation is not clear at this time and is highly variable [51].

VWF, which plays an essential role in primary hemostasis as well as platelet adhesion and 

activation is regulated by different hormones including estrogen. Estrogen results in an 

elevation in vWF levels through direct stimulation of endothelial cells as well as endothelial 

cell replication [55]. Furthermore, pregnancy is known to be associated with an increase in 

vWF levels through increased production as well as prolongation of its half-life [56]. A 

study in post-menopausal women showed that there was a statistically significant increase in 

vWF after treatment with oral equine estrogen for 4 weeks [57]. However, other studies 

report no change in vWF level in post-menopausal women when checked at 12 months and 

36 months [58].

2) Coagulation cascade: Valera et al showed that in mice, treatment with estradiol 

with and without progesterone did not alter coagulation assays (Prothrombin time or PT, 

activated partial thromboplastin time or aPTT) and fibrinogen, [53, 54] which is contrary to 

the procoagulant profile noted in human studies [59]. Further, a study in rats shows that 

injection of 2 mg estradiol dipropinate (EDP) is associated with an increased incidence of 

thrombin-induced pulmonary thromboembolism. This study demonstrates that serum E2 

level peaked on day 7 and dropped to baseline by day 21 when endogenous thrombin 

potential (ETP) was highest. Importantly, ETP was higher among rats injected with EDP 

when compared to those that were not [60]. Older studies in a rabbit model, where adult 

female rabbits were tube-fed either a contraceptive powder low in estrogen (0.8 pg/kg of 

estradiol), high in estrogen (2.0 pg/kg of estradiol), or a control powder for 7 weeks showed 

that estrogen per se did not affect thrombin times. However, when these rabbits were 

injected with thrombin, the thrombotic grades were significantly higher in rabbits treated 

with estrogen, and clearly greater with higher dose estrogens. [61]

Human studies clearly indicate that estrogen treatment results in a prothrombotic state. A 

randomized cross over study among women showed that combined oral contraceptives affect 

the coagulation cascade by increasing plasma levels of factors II, VII, VIII, X, and 

fibrinogen, and by decreasing factor V levels [62, 63]. Another study in post-menopausal 

women showed that estrogen increased factor VII levels, and overall resulted in a pro-

thrombotic state [64]. These changes also vary based on the associated progesterones on the 

CHCs, with desogestrel containing CHCs showing more significant changes, when 

compared to levonorgenstrel containing CHC [62].

3) Anti-coagulant pathways: Studies of the anticoagulant pathway show a decrease in 

plasma levels of naturally occurring inhibitors of hemostasis such as tissue factor pathway 

inhibitor and antithrombin with CHC use [63, 64]. Although CHCs also cause an increase in 

protein C antigen and activity, this is associated with a concomitant increase in the level of 

protein C inhibitors like α1 antitrypsin and α2 macroglobulin [63, 65]. Simultaneously, a 

pronounced decrease in levels of Protein S antigen (total and free) has been noted with CHC 

use, more significantly with use of 3rd generation progesterone containing CHCs[63, 65, 66] 

and in post-menopausal women [64].
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4) Fibrinolysis: CHCs also affect fibrinolysis by decreasing levels of plasminogen 

activator inhibitor (PAI −1) and increasing levels of tissue plasminogen activator (tPA). 

However, these changes are shown to be counteracted by higher levels of thrombin 

activatable fibrinolysis inhibitor in women taking CHCs [67]. Presently, it is unclear if this 

effect on fibrinolysis has clinical implications on the risk of VTE secondary to estrogen 

therapy [68]

5) Effect on hepatic synthesis of proteins involved in coagulation & 
fibrinolysis: EE has been shown to impact synthesis of liver proteins when administered 

orally or parenterally [69, 70]. Studies have shown higher in vivo extraction of oral EE by 

the liver, relative to the brain or uterus[71]. A study by Moverare et al showed that 17β 
estradiol treatment in mice results in increased expression of bone marrow derived, not liver 

derived, factor V. [72]. However, another study demonstrates that ovariectomized mice 

treated with oral synthetic 17α estradiol had a significant downregulatory impact on hepatic 

transcript levels of both pro and anti coagulant genes, mediated via ER α. [73]

6) Inflammation: Estrogens have a divergent effect on inflammation and immune 

modulation [74, 75] based on the dose and duration of treatment of the drug. Both in vitro 

and in vivo studies show that while low dose exposure to E2 (doses consistent with oral 

contraceptive pills) is associated with increased pro-inflammatory cytokine expression [74, 

76, 77], high doses (pregnancy levels) tend to generate an anti-inflammatory response [74]. 

Similarly, a short duration of E2 treatment (2–6 hours) has an anti-inflammatory effect [78, 

79], while chronic administration over 60 days is associated with a pro-inflammatory 

response [77]. In light of this data, it is interesting to note that the chronic low dose E2 

therapy associated with a pro-inflammatory effect is similar to the dose of CHC used in 

females.

Some of the proposed mechanisms of how estrogens regulate inflammation include 

responses mediated via nuclear/membrane bound estrogen receptors, stimulation of toll like 

receptor ligand on dendritic cells and macrophages resulting in increased expression of pro-

inflammatory cytokines, decreasing inhibitory PI3K signaling and Akt phosphorylation in 

macrophages, and effects on NF-κB transcriptional complexes. Estrogen induced epigenetic 

changes in hematopoietic stem cells influencing downstream pathways and responses in 

mature cells have also been proposed as a possible mechanism. Further studies are needed to 

increase our understanding of estrogen induced inflammatory changes and identify the 

molecular mechanisms involved [74, 80]

Taken together, all these changes tilt the ‘hemostatic balance’ to a prothrombotic state which 

is reflected in global tests of hemostasis. Thus, CHC users are noted to have significantly 

higher APC resistance, when compared to non CHC users [81]. We visually summarize the 

effects of estrogen on the different hemostatic pathways above in the diagram in Figure 2.

B. Estrogen Dose and Thrombosis

The EE dose in early formulations of CHC was as high as 150 micrograms (mcg). With 

evidence that higher doses results in increased risk of thrombosis, the dose has been 

gradually decreased over the years, and current pills have EE doses that range from 10 to 50 
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μg. [82] Large meta-analysis in recent years have established clearly that higher doses of 

estrogen are associated with increased risk of thrombosis (Table I)

C. Combined Progesterone with Estrogen and Thrombosis

Interestingly, thrombosis has always been attributed to the estrogen component since the 

advent of CHCs. The role of progesterone in thrombosis was never looked into until a large 

observational study from WHO showed the increased risk of thrombosis with newer 

progesterones. [84] While The absolute risk of VTE in women who do not use OCPs is 

reported at 0.19 to 0.37 per 1,000 woman-years, that of of VTE with OCP use ranges from 

0.55 to 1.41 per 1000 woman years, with higher risk among users of third and fourth 

generation progesterones.[83]

Over the years, there have been several studies that confirmed or denied the role of 

progesterone in thrombosis. Table 2 lists recent meta-analyses that compare the risk of VTE 

among CHCs with similar estrogen doses, but different progesterones and indicate that third 

and fourth generation progesterones have a higher risk of VTE.

D. Route of Administration and Thrombosis

Estrogen, in CHC, is administered orally. Non-oral forms of estrogen used commonly 

include vaginal ring and combined injectable contraceptive [86]. The use of transdermal 

estrogen preparations began when investigators realized that estrogen is well absorbed 

through the skin. Transdermal form results in constant blood levels due to a slow and 

sustained release of estrogen from the patch [8]

A recent systematic review compared non-oral methods of contraception with CHC to 

determine risk of thrombosis. Analysis of 2 cohort studies and 4 case control studies to 

compare the risk of VTE among women taking CHCs versus transdermal patch show 

conflicting results. While 2 studies show significantly higher risk of VTE with transdermal 

patch, 4 studies fail to show a statistically significant difference in the risk of VTE [86]. The 

same systematic review further analyzed 3 studies (2 cohort studies and 1 case control study) 

comparing the risk of thrombosis in CHC users as compared to vaginal ring. While one 

study confirms a higher risk of VTE among CHC users (adjusted rate ratio 1.90; 95% CI 

1.33–2.71), the other 2 studies fail to show a statistically significant difference in rates of 

thrombosis between the 2 groups. [86–88]

Finally, a meta-analysis of 15 observational studies showed that oral estrogen therapy was 

associated with a higher risk of first episode of VTE (RR, 1.63; 95% CI, 1.40–1.90) and 

deep venous thrombosis (DVT) (RR, 2.09; 95% CI, 1.35–3.23) when compared to 

transdermal estrogen therapy in post menopausal women. The level of evidence is low, since 

these were only observational studies and randomized control studies are not available [89]. 

In summary, the presently available data is insufficient to determine whether one route of 

administration of estrogen generates a higher thrombotic risk.
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Clinical Presentation

A. Venous Thrombosis

The most common sites of thrombosis related to high estrogen states are the deep veins of 

the legs and the pulmonary veins. Consistently, approximately 80% of thromboses occurring 

in pregnancy are venous [90]. CHC use has also been associated with “unusual” sites of 

thrombosis. Multiple studies show an increase in the risk of cerebral venous sinus 

thrombosis, with an OR of 5.59 (95% CI 3.95 – 7.91) and 7.59 (95% CI 3.82—15.09) in two 

separate meta-analyses [91, 92]. However, the absolute risk remains very low, estimated 

around 2 per 100,000. There have also been many case reports of mesenteric venous 

thrombosis related to CHC use [93]. Using a nationwide database study, we found a 

significantly higher risk of retinal vein occlusion in women on estrogen-containing therapy 

as compared to women who do not use them [94]. Similarly, the absolute risk remains very 

low due to the rarity of these events.

B. Arterial Thrombosis

The effect of estrogen on the cardiovascular system is not entirely understood, and continues 

to be studied. There are several ways through which estrogen affects the risk for 

cardiovascular disease and myocardial infarction (MI). These include variable effects on the 

coagulation system, fibrinolytic pathway, platelet activation and aggregation, as well as its 

effects on cardiovascular risk factors such as cholesterol levels. In the past, there had been a 

long-held belief that estrogen decreased the risk for MI. The Heart and Estrogen-Progestin 

Replacement Study (HERS) in 1998 reported that after 2 years of menopausal hormonal 

therapy (MHT), women had a lower risk of MI and strokes [95]. However, a follow-up to the 

study (HERS II) published in 2002 concluded that there was no lasting decrease in MI or 

stroke from MHT after 6.8 years [96]. That same year, data from the Women’s Health 

Initiative randomized clinical trial showed an increased risk of MI and cardiovascular death 

in women on MHT (HR 1.29, 95% CI, 1.02–1.63) [97]. This lead to a change in 

recommendations and MHT was no longer recommended for prevention of heart attack or 

stroke.

In 2012, a study of more than a million women aged 15 to 49 by Lidegard et al showed an 

increased risk of stroke and myocardial infarction (MI) associated with use of CHC, 

estimated at a factor of 0.9 to 2.3 based on the estrogen dose and component. The absolute 

risk of stroke or MI, however, was very low at 21.4 and 10.1 per 100,000 respectively [98]. 

A 2015 meta-analysis of 24 studies by Roach et al showed a 1.6-fold increased risk of MI or 

ischemic stroke in women on CHCs, which appeared to increase with higher estrogen doses 

[99]. In summary, the most recent and compelling data suggests an increased risk of MI and 

stroke due to estrogen, however, the absolute risk remains low.

C. Timing of Thrombosis

In an international case-control study across 21 centers, the World Health Organization 

reported in 1995 that increased risk of VTE was apparent within 4 months of starting CHCs, 

was unaffected by the duration of current type of CHC use, and returned to baseline within 3 

months of discontinuing CHCs [100]. Data from the population-based case-control Leiden 
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Thrombophilia Study showed that the risk of developing VTE was greatest in the first 6 

months of CHC use. The risk of developing VTE was 3-fold higher in the first 6 months 

(95% CI 0.6–14.8), and 2-fold higher in the first year (95% CI 0.6–6.1) compared to 

prolonged use. [101] In the Women’s Health Initiative (WHI) study, the risk of VTE due to 

MHT was highest in the first year of therapy, but persisted for the five years of follow-up 

[102]. We used a nation-wide data base and reported an increased risk of RVO in patients on 

CHCs that was highest within the first 30 days of initiation [94].

Management

A. Contraception and Thrombosis

i. Contraceptive Management in Women with High Risk of Thrombosis—
Determining the thrombotic risk in women takes into consideration several factors, such as 

age, comorbidities, smoking history, family history, and history of thrombosis. Furthermore, 

while routine screening for hereditary thrombophilias remains controversial due to the rarity 

of these conditions, their presence can increase the risk of thrombosis.

The Medical Eligibility Criteria for contraceptive use by the World Health Organization lists 

history of VTE, surgery with prolonged immobilization, anti-phospholipid syndrome and 

presence of known hereditary thrombophilia as contraindications to CHC use (Category 4) 

[103]. Smoking in women of age 35 or older, uncontrolled hypertension, ischemic heart 

disease, migraine with aura, are also considered contraindications due to high risk of stroke 

or MI. Obesity, in otherwise healthy women, is listed as Category 2 (benefit of CHC 

outweighs risk) due to a low absolute risk of increased VTE.

In this review, we consider the following to be associated with a high risk of thrombosis:

• Previous history of VTE

• “Severe” thrombophilias: such as homozygous or double heterozygous FVL or 

prothrombin mutation, severe deficiencies in Protein C, S or antithrombin, anti-

phospholipid syndrome. (See “Special Populations” section for more details on 
thrombophilias).

• Strong family history of VTE without an identified cause or genetic defect

• Other comorbidities including: uncontrolled hypertension, ischemic heart 

disease, stroke, migraine with aura, smoking in women of age 35 or older, or 

multiple cardiovascular comorbidities.

The selection of an optimal contraceptive method depends on several factors, including 

planning for pregnancy, menorrhagia, patient preference, and cost. In patients with high risk 

of thrombosis who are not fully anticoagulated, CHC and injectable depot 

medroxyprogesterone acetate (DMPA) should be avoided, and is generally contraindicated, 

as both have been shown to increase the risk of thrombosis[104, 105].

In the absence of contraindications, long-acting reversible contraception (LARC) is 

recommended first. This is due to their efficacy, which is comparable to that of sterilization, 

as well as their safety in patients at high-risk of thrombosis. Options include the copper IUD 
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and progestin-only methods such as oral pills, levonorgestrel IUD, and the progestin 

subdermal implant, may induce amenorrhea, and have not been shown increase risk of VTE 

(contrary to etonogestrel implant package labeling) [98]. The injectable progestin DMPA, on 

the other hand, has been associated with increased risk of VTE[104, 105]. The 

levonorgestrel-releasing IUD is preferred over the progestin-only implant since IUD effects 

are primarily local (Table 3).

• The levonorgestrel IUD prevents pregnancy by thinning the intrauterine lining, 

thickening the cervical mucous, and decreasing tubal motility. It is useful in 

women with heavy or irregular menses or on blood-thinners, as it can result in 

decreased menstrual flow and a higher likelihood of amenorrhea. In comparison 

with the other two LARCS, it has a more favorable bleeding profile.

• The etonogestrel subdermal implant has a similar mechanism of contraception as 

well as suppressing ovulation, and is the most effective contraceptive option 

available for women. However, it can cause alteration in menstrual flow leading 

to irregular bleeding in ~20% of patients.

• The copper IUD impairs sperm function and prevents fertilization by increasing 

copper ions, prostaglandins and macrophages in the uterine and tubal fluids. The 

most problematic side effect is an increase in painful, heavy menses after 

initiation.

In addition to the copper IUD, there are other non-hormonal contraceptive options that are 

less effective, such as spermicides and barrier methods including the diaphragm, cervical 

cap, and male and female condoms. CHC can be considered in special circumstances.

ii. Contraceptive Management in Women on Long-term Anticoagulation—
While it is advised to avoid CHCs in patients with history of thrombosis not on 

anticoagulation, there has been question on their use in patients on therapeutic 

anticoagulation. An argument for their use is that these patients risk of thrombosis is 

lowered by anticoagulant therapy. Further, they lower the risk of heavy menstrual bleeding 

that can be associated with anticoagulation.

In a study by Martinelli et al, which analyzed data from the EINSTEIN DVT and Pulmonary 

Embolism (PE) anticoagulation trials found that women who were on anticoagulation and 

used CHCs were no more likely to suffer recurrent VTE than women who used progestin-

only contraceptives or no hormonal contraceptives[106]. The study concluded that CHCs did 

not increase the risk of thrombosis in women who were on therapeutic anticoagulation.

We propose the following algorithm (Figure 3) as a guide for contraceptive management in 

women at risk of VTE. We include women with known hereditary thrombophilias in this 

algorithm, noting that routine screening for these conditions remains controversial and is not 

currently recommended.

iii. Duration of Anticoagulation—In patients with thrombosis provoked by hormonal 

contraception, the risk is believed to return to baseline levels within one to three months of 

cessation of hormonal use [100, 107]. As such, therapeutic anticoagulation is not needed 
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beyond the treatment of the acute event, unless there is an anticipated estrogen challenge 

such as pregnancy. The 2012 International Society of Thrombosis & Hemostasis (ISTH) 

guidelines do not require anticoagulant therapy beyond 3 months[108].

B. Menopausal Hormone Therapy and Thrombosis

The Women’s Health Initiative (WHI) trial conferred the most definitive clinical data 

regarding MHT. In the trial, VTE risk was increased with HR of 2.06 (95% CI, 1.6–2.7), 

which was similar for both DVT and PE [102]. A similar two-fold increase in VTE with 

CHC was noted in the Heart and Estrogen/Progestin Replacement Study (HERS) [95]. 

However, the absolute risk in both trials, particularly in healthy postmenopausal women, was 

extremely low.

The WHI trial showed a notably high risk of VTE in women with prior thromboembolic 

event, with HR of 3.9. As such, MHT is contraindicated in women with previous VTE or 

stroke. Furthermore, the trial showed a 6-fold increase in VTE (HR 6.7, 95% CI 3.1–14.5) in 

women with factor five leiden mutation (FVL) who were on CHC. Current 

recommendations suggest estrogens be avoided in women with FVL. Other genetic 

mutations did not affect the risk of VTE [102].

C. Pregnancy and Thrombosis

Pregnancy increases the risk of VTE due to hypercoagulable state, venous stasis, and 

endothelial injury. The risk is increased throughout all trimesters but highest during the post-

partum period. Additional risk factors include a prior history of VTE, hospitalization for an 

acute illness or cesarean-section delivery, and the presence of an inherited thrombophilia 

(e.g. factor V Leiden mutation, prothrombin gene mutation, or antithrombin III, protein C, or 

protein S deficiencies).

The 2012 American College of Chest Physicians (ACCP), 2018 American College of 

Obstetricians and Gynecologists (ACOG), and the American Society of Hematology (ASH) 

offer guidelines on the selection criteria for antepartum pharmacologic thromboprophylaxis 

during pregnancy [90, 109, 110].

Patients who have had prior VTE related to high estrogen states (such as OCP use or 

previous pregnancy) are candidates for thromboprophylaxis during pregnancy given the 

increase in estrogen levels. The ASH 2018 guidelines strongly recommend both antepartum 

and postpartum thromboprophylaxis in these patients, although this is based on low-certainty 

evidence [109]. Thromboprophylaxis is also considered in patients with a history of 

idiopathic VTE, or in those with multiple VTEs regardless of the cause.

In contrast, women who have had a single VTE due to a transient risk factor such as trauma, 

immobility, or surgery, are considered to have a lower risk of recurrence. In these patients, 

clinical surveillance is preferred over pharmacologic thromboprophylaxis given the bleeding 

risks associated the pregnancy.

The ASH 2018 guidelines also offer recommendations regarding women with known 

hereditary thrombophilias, without personal history of VTE, and with or without family 
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history of thrombosis[109]. We summarize those recommendations in our proposed 

algorithm in Figure 4 under the Special Populations, Inherited Thrombophilias section.

Special Populations

A. Antiphospholipid Antibodies

Women with anti-phospholipid syndrome (APS) on anticoagulation are continued on 

therapeutic anticoagulation with LMWH during pregnancy. There is a lack of robust data to 

guide the management of pregnancy or contraception in women with positive anti-

phospholipid (aPL) antibodies without a history of thrombosis. A study by Lynch et al 

measured aPL antibody levels in 451 low-risk nulliparous women during early pregnancy, 

and found that 24.4% had positive aPL antibodies. The rate of fetal loss in these women was 

higher in those with aPL antibodies (15.8%) than in those without (6.5%), with a relative 

risk of 2.44 (95% CI, 1.29–4.62). An elevated IgG anti-cardiolipin antibody level at the first 

prenatal visit was the only aPL antibody significantly associated with fetal loss, with a 

relative risk of 3.5 (95% CI, 1.56–8.07). The risk of maternal complications was similar in 

both groups. The use of aspirin has been suggested in this group although the benefit is 

uncertain. Additionally, there is a paucity of data to provide strong recommendations on the 

use of CHCs in women who test positive for aPL antibodies without a history of thrombosis.

B. Inherited Thrombophilias

Women with inherited thrombophilias, such as FVL, Protein C or S deficiency, antithrombin 

deficiency, or prothrombin gene mutation, are at increased risk of VTE. This risk is further 

exacerbated by increased levels of estrogen due to medications or pregnancy. A systematic 

review and meta-analysis by Van Vlijmen et al, in 2017, showed that in CHC-users, mild or 

severe thrombophilia increased the risk of VTE almost 6-fold and 7-fold respectively. The 

absolute VTE risk was far higher in CHC-users with severe thrombophilia (4.3 – 4.6/100 

pill-years) than in those with mild thrombophilia (0.5 – 2.0/100 pill-years). [111]

While there are guidelines on pregnancy management in women with hereditary 

thrombophilias (See Pregnancy section), there is lack of consensus guidelines on oral 

contraceptive management for different thrombophilias of varying degrees of severity. In 

2016, the Center for Disease Control issued the U.S. Medical Eligibility Criteria for 

Contraceptive Use, in which CHC use with any hereditary thrombophilia was considered to 

be associated with unacceptable health risk (Category 4)[112]. Based on this, the ACOG 

2019 guidelines considers CHC use with any hereditary thrombophilia to be contraindicated 

[113]. As such, CHC use is generally considered contraindicated in these patients, and 

particularly in those with “severe” thrombophilia and/or high-risk of thrombosis which 

includes:

• homozygous or double heterozygous FVL mutation

• homozygous or double heterozygous prothrombin mutation

• severe deficiencies in Protein C, S or antithrombin.

• same defect as a first-degree family member who developed VTE.
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• women with multiple first-degree relatives with VTE, but no evidence of 

inherited thrombophilia are at increased risk of VTE, and may have an 

unidentified defect.

In these patients, non-hormonal methods such as the copper IUD are the preferred method of 

contraception. Progestin-only pills are generally considered safe, however, injectable 

progesterone such as DMPA may have a small increase in VTE risk [104, 105].

In women with “mild” inherited thrombophilia, such as heterozygous FVL or prothrombin 

gene mutation, or mild deficiencies in Protein C, S, or anti-thrombin, and no personal or 

family history of VTE, CHC remains discouraged. However, they can be considered in 

special circumstances cases on an individual basis when they are highly needed.

In women with known hereditary defects without personal history of VTE, pregnancy 

management can be challenging and controversial due to limited evidence. The ASH 2018 

guidelines offer recommendations which we summarize in our proposed algorithm in Figure 

4 for consideration. Routine screening for hereditary thrombophilias before pregnancy is not 

recommended due to their rarity and the low certainty for evidence regarding their 

management.

See “Management” section for additional details on contraceptive and pregnancy 

management in patients with thrombophilia.

C. Myeloproliferative Neoplasms

Myeloproliferative neoplasms, such as essential thrombocythemia, polycythemia vera, and 

myelofibrosis have been shown to be associated with an increased risk of thrombosis [114]. 

However, data assessing the risk of VTE in patients with these conditions while taking 

estrogen-based therapy is lacking and insufficient to formulate guidelines. In one study of 

305 female patients with essential thrombocythemia by Gangat et al, the use of MHT was 

not associated with an increase in venous or arterial thrombotic events. However, CHC use 

was associated with a threefold increase of VTE (HR), and a fivefold increased risk of 

splanchnic thrombosis (HR) [115] suggesting that alternative options for contraception need 

to be offered to these patients.

D. Transgender Women

Transgender patients who are assigned a male gender at birth and transition to female gender 

are treated with hormonal therapy aimed at suppressing endogenous sex hormone production 

and to maintain estrogen levels in the physiological range for the affirmed gender. In the US, 

most transwomen are treated with either oral or transdermal estradiol in association with 

spironolactone [116]. Oral estrogens seem to have similar effects on surrogate inflammatory 

endpoints in transgender women as they do in cisgender women [117], such as elevation in 

proinflammatory cytokines IL-1, IL-6, IL-8, and tumor necrosis factor-α [118]. Transdermal 

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

and procoagulant factors [118–120].
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A U.S. database study, which included the largest population of transgender persons on 

hormonal treatment to date, compared the incidence of VTE, stroke, and MI in 2,842 

transwomen and matched cisgender men and women [121]. The researchers found that 

transwomen had a higher incidence of VTE than both reference populations, and that risk 

increased over time. The adjusted HR for VTE with estrogen use in transgender women was 

3.2 (95% CI: 1.5–6.5) compared to cisgender men, and 2.5 (1.2–5.0) compared to ciswomen, 

which increased with longer duration of use. At 8 years, the hazard risks were 16.7 (CI, 6.4– 

27.5) and 3.4 (CI, 1.1– 5.6) and 13.7 (CI, 4.1– 22.7), compared to cismen and ciswomen 

respectively. The increasing risk of VTE with duration of estrogen use is in contrast with 

menopausal hormonal therapy, where the risk is highest in the first year of use and decreases 

with time. [122]

The researchers of the same study also found an increased risk of ischemic stroke among 

transwomen using estrogens, where the hazard risks after 6 years of use were 9.9 (3.0– 33.1) 

compared to cismen and 4.1 (1.5– 11.4) compared to ciswomen. The incidence of 

myocardial infarction was similar in transwomen compared to the matched controls.

There currently is no role for thrombophilia screening in asymptomatic individuals 

transitioning genders. Data on the role of prophylactic aspirin or anticoagulation in patients 

with high risk of thrombosis does not exist, and is currently not recommended.

In transgender women with prior history of VTE, the decision to start hormonal therapy is 

challenging. The patient’s strong desire to embark on hormonal therapy should not be 

dismissed. The use of transdermal estrogen appears less thrombotic, and as such should be 

considered as first choice of therapy. Estrogen therapy in these patients should utilize the 

lowest possible dose of estrogen that is sufficient to achieve and maintain serum estradiol 

levels in the usual physiological female range.

Due to lack of data, there are currently no guidelines on anticoagulation management in 

transgender women, and as such management is extrapolated from data on cisgender 

women. Prospective data suggests that with therapeutic anticoagulation, estrogen therapy 

can be safely continued in cisgender women who develop VTE on estrogen [106]. As such, 

transgender women who develop VTE on estrogen may similarly have a low VTE 

recurrence rate if maintained on therapeutic anticoagulation. Thus, if estrogen therapy is 

continued, then therapeutic anticoagulation may need to be continued indefinitely while on 

estrogen. Women who develop thrombosis while on oral hormonal therapy are likely to have 

a reduction in risk of recurrence by changing to transdermal estrogen therapy. Discontinuing 

anticoagulation in this scenario is a complex decision, and data is lacking on the safety of 

discontinuation after switching to transdermal therapy. As such, discontinuing 

anticoagulation has not been recommended in the absence of contraindications [123].

Conclusion

CHCs are widely used and are safe and effective for regulation of fertility in the majority of 

women. Although thrombotic complications are the most important side effect, some clinical 

implications appear to be evident. The choice of a contraceptive method depends on a 
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personal and family history of thrombosis, and those with a risk of thrombotic disease 

should be recommended alternatives to CHCs. Screening for prothrombotic mutations 

before initiating CHCs is not cost effective, and it is not clear that screening in women with 

a positive family history is better than offering alternative contraception. The presence of 

other risk factors for thrombosis such as dyslipidemia, smoking and obesity should be taken 

into consideration while counseling women on hormonal replacement therapy. Thus, all 

efforts should be made to ensure that women with contraindications against CHCs are not 

prescribed these drugs, and that women that use them are well informed about the symptoms 

of VTE.

In conclusion, a better understanding of the pathophysiology of hormone-related thrombosis 

is necessary to guide the development of safer alternatives. In the interim, we need to 

develop techniques to stratify risks for thrombosis so as to enable tailoring of 

recommendations for each individual considering hormonal therapy.
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Highlights:

• Estrogen affects the hemostatic pathway through various mechanisms

• The overall effect of estrogen is prothrombotic

• The dose and route of estrogen impacts its prothrombotic effect.

• Evaluation of prothrombotic risk factors before contraception or pregnancy is 

needed

• We present emerging data on unique populations such as transgender women.

• Estrogen affects the hemostatic pathway through various mechanisms

• The overall effect of estrogen is prothrombotic

• The dose and route of estrogen impacts its prothrombotic effect.

• Evaluation of prothrombotic risk factors before contraception or pregnancy is 

needed

• We present emerging data on unique populations such as transgender women.
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Figure 1 - 
Timeline displaying the chronology of the various scientific discoveries that have shaped our 

understanding of the physiological mechanisms of estrogen. [31, 36–40]

ERα: Estrogen Receptor-alpha

ERβ: Estrogen Receptor-beta

Abou-Ismail et al. Page 23

Thromb Res. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2 - 
This diagram demonstrates our current understanding of the effects of estrogen on 

hemostasis & thrombosis. 1) The exact effect of estrogen on platelet activation and 

aggregation remains unclear, with conflicting reports in the literature showing altered 

platelet behavior. Estrogen is known to increase VWF levels which plays a central role in 

platelet adhesion and activation. 2) Estrogen leads to increased thrombin generation and 

fibrin clot formation by increasing the levels of variable coagulation proteins (green 

arrowheads) and decreasing the levels of anticoagulant proteins (red arrowheads). 3) 

Conversely, estrogen has also been shown to be associated with increased fibrinolysis due to 

decreased PAI-1 levels, which does not seem to balance out the increase in coagulation. 

Thus the net effect overall, has been shown to be prothrombotic.

aPC = activated Protein C

AT = anti-thrombin

PAI-1 = plasminogen activator inhibitor 1
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PL = phospholipid

TM = thrombomodulin

tPA = tissue plasminogen activator

VWF = von Willebrand Factor

* In different studies, estrogen has been shown to increase Protein C antigen levels but also 

increase Protein C resistance
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Figure 3 - 
Proposed algorithm to guide contraceptive management for women at high risk of VTE 

based authors’ opinion.

*These include: uncontrolled hypertension, ischemic heart disease, stroke, migraine with 

aura, smoking in women of age 35 or older, or multiple cardiovascular comorbidities.
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Figure 4 - 
We summarize the 2018 American Society of Hematology recommendations on ante-partum 

and post-partum anticoagulation in pregnant women with hereditary thrombophilias without 

personal history of thrombosis in this algorithm.

AT: Anti-thrombin

FVL: Factor V Leiden

PGM: Prothrombin gene mutation

*Regardless of family history

†With the exception of homozygous PGM without family history, where antepartum 

anticoagulation was not recommended.
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Table 1 -

ESTROGEN DOSES IN COMBINED ORAL CONTRACEPTIVES AND RELATIVE RISK OF VTE

Meta-
analysis

Studies 
includd

Non 
user

LNG/E
E 20

LNG/E
E 30–40

LNG/E
E 50

DSG/EE 
20

DSG/EE 
30–40

GSD/EE 
20

GSD/EE 
30–40

Oedingen 
2018[41]

11 case 
control 
studies 6 
cohort studies

RR 
(95 % 
CI)

- - 1 1.46 
(1.33–
1.59)

1.39 
(1.16–
1.67)

1.18 
(0.93–
1.49)

1.27 
(1.15–
1.41)

De Bastos 
2014 [83]

9 cohort 
studies 17 
case control 
studies

RR 
(95 % 
CI)

1 2.2 
(1.2–
3.6)

2.4 (1.8–
3.2)

5.2 
(3.4–
7.9)

3.4 (2.5–
4.6)

3.7 (2.8–
4.9)

2.2 (1.4–
3.2)

3.7 (2.8–
4.9)

LNG - Levonorgestrel

DSG - Desogestrel

GSD - Gestodene

EE 20 - Ethinyl estrasdiol 20 micrograms

EE 30–40 - Ethinyl estradiol 30–40 micrograms

EE 50 - Ethinyl estradiol 50 micrograms
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Table 2 -

Type of progesterone in CHC & VTE risk

Meta-
analysis

Studies included EE 30–40 
+ LNG

EE 30–40 + 
DSG

EE 30–40 + 
GSD

EE 30–40 + 
Cyproteroneacetate

EE 30–40 + 
Drosperinone

RR 
(95%C)

RR (95%CI) RR (95%CI) RR (95%CI) RR (95%CI)

Dragoman 
2018 [85]

17 case control 
studies 5 cohort 
studies (only 30 
mcg)

1 1.83 (1.55 – 
2.13)

1.67 (1.32 – 
2.10)

2.04 (1.55 – 2.49) 1.58 (1.12 – 2.14)

Oedingen 
2018 [41, 83]

11 case control 
studies 6 cohort 
studies

1 1.46 (1.33 – 
1.59)

1.27 (1.15 – 
1.41)

1.29 (1.12 – 1.49) 1.40 (1.26 – 1.56)

De Bastos 
2014[83]

9 cohort studies 
17 case control 
studies

1 1.8 (1.4 – 2.2) 1.5 (1.2 – 2.0) 1.6 (1.1 – 2.2) 1.6 (1.2 – 2.1)

LNG - Levonorgestrel

DSG - Desogestrel

GSD - Gestodene

EE 30–40 - Ethinyl estradiol 30–40 micrograms
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Table 3 -

Summary of mechanisms, benefits, and risks of different LARC options.

LARC Option Mechanism Benefits Risks

Copper IUD • Impairs sperm function 
and prevents fertilization 
by increasing copper ions, 
prostaglandins and 
macrophages in the 
uterine and tubal fluids.

• Non-hormonal, less 
risk of VTE

• Increase in painful, 
heavy menses after 
initiation.

Levonorgestrel 
IUD

• Thinning the intrauterine 
lining, thickening the 
cervical mucous, and 
decreasing tubal motility

• More favorable 
bleeding profile 
compared to other 2 
LARCs

• Preferred over 
subdermal implant 
due to localized 
effect

• Potential slight 
increase in thrombotic 
risk compared to 
copper IUD

Progestin-only 
subdermal 
implant

• thinning the intrauterine 
lining, thickening the 
cervical mucous, and 
decreasing tubal motility

• suppressing ovulation

• Convenience of 
application and use

• can cause alteration in 
menstrual flow leading 
to irregular, 
problematic bleeding 
in ~20% of patients.

• Potential increase in 
thrombotic risk 
compared to copper 
IUD
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