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Background - The main drawback of oral contraceptives (OC) and hormone 
replacement therapy (HRT) is an increased risk of venous and, to a lesser 
extent, arterial thrombosis. 
Materials and methods - This narrative, case-based review describes the 
effect of available estrogens and progestogens on the hemostatic system and 
their potential impact on the risk of thrombosis. Clinical cases are used to 
illustrate different options for prescribing OC and HRT in the real-word. The 
aim is to offer discussion topics that could be helpful to guide the choice of 
different hormonal treatments over a woman’s lifetime and in the presence of 
risk factors. 
Results - We describe physio-pathological changes occurring during the 
administration of hormonal therapies. Furthermore, we analyze the risk of 
venous and arterial thrombosis associated with different products, routes of 
administration and additional risk factors. New hormonal preparations, such 
as estradiol combined with dienogest, as well as non-oral hormonal therapies, 
are suggested to decrease thrombotic risk significantly. 
Discussion - The availability of many products and different routes of 
administration allow most women to safely use contraception, as well as HRT. 
We encourage careful counselling instead of inflexible or fearful behavior, as 
expanding options and choices will allow women to make the best decisions 
for their health. 

Keywords: contraceptives, estrogens, progestogens, thrombosis, hormone replacement 
therapy.

Hormones and thrombosis: the dark 
side of the moon
Doris Barcellona1, Elvira Grandone2,3,4, Francesco Marongiu5,6Review

Hemostasis and 
thrombosis

Arrived: 9 October 2022
Revision accepted: 3 March 2023
Correspondence: Doris Barcellona
e-mail: doris.barcellona@unica.it

1Department of Medical Sciences 
and Public Health, Hemostasis and 

Thrombosis Unit, University of Cagliari 
and AOU of Cagliari, Italy; 

2Thrombosis and Hemostasis Unit, 
Fondazione IRCCS "Casa Sollievo della 

Sofferenza", San Giovanni Rotondo, Italy; 
3Obstetrics/Gynecology Department, 

University of Foggia, Foggia, Italy;
4Obstetrics/Gynecology and Perinatal 

Medicine Department of The First 
I.M. Sechenov Moscow State Medical 

University, Moscow, Russia;
5Hemostasis and Thrombosis Unit, 

AOU of Cagliari, Cagliari, Italy; 
6Fondazione Arianna, 

Anticoagulazione.it, Bologna, Italy

INTRODUCTION 
Thrombotic events are the possible consequence of rare inherited disorders, but are more 
often complications of several, heterogeneous clinical conditions or diseases1,2. They can 
even occur after procedures necessary to control bleeding, such as blood transfusions3. It is 
well known that sex hormones have an impact on red blood cells, modulating erythrocyte 
calcium inf lux4, as well as on coagulation pathways5,6. In women, the menstrual cycle, 
pregnancy and hormone intake are all responsible for dramatic changes in coagulation 
parameters, thus conditioning many biological activities7. 
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between blood coagulation activity and its negative 
feedback control. It is not surprising that these changes are 
associated with a higher risk of VTE9 (Figure 1). 
The fibrinolytic system is also affected by OC, as 
demonstrated by the increase of tissue-plasminogen 
activator, plasmin-alpha2-antiplasmin complexes and 
D-dimer in OC users. Parallel to these changes, an 
increase of anti-fibrinolytic activity is also observed, 
with a consequent imbalance between blood coagulation 
and fibrinolysis (Figure 2). These modifications are more 
pronounced in women taking the third-generation than in 
those taking second-generation COC9. 

Figure 1 - Hemostatic changes in women taking the oral 
contraceptive pill
Fbg: fibrinogen; AT: antithrombin; PC: protein C; PS: protein S.

Figure 2 - Anti-fibrinolytic activity in women taking the 
oral contraceptive pill
tPA: tissue plasminogen activator.

The aim of this case-based review is to analyze the effect 
of estrogens and progestogens on the hemostatic system 
and the risk of thrombosis. Clinical cases are presented 
in order to illustrate different solutions to deal with some 
common scenarios that clinicians face daily. The ultimate 
aim should be to avoid inf lexible or fearful behavior and 
encourage clinicians to provide the careful counseling 
that is needed for offering the best individual solution. 

Clinical case 1
A 40-year-old woman with no personal or family history 
of venous thromboembolism (VTE) would like to start oral 
contraception after two pregnancies. Her body mass index 
(BMI) is 24, she smokes 10 cigarettes per day and does not 
show additional risk factors for VTE. Her gynecologist has 
concerns about the woman’s thrombotic risk because of 
her age and smoking habit. 

Clinical case 2
A 24-year-old woman is diagnosed with polycystic ovary 
syndrome. She is obese (BMI=31), does not smoke and 
does not show additional risk factors. She needs combined 
oral contraceptives (COC) to control her menstrual cycles, 
lower androgen levels and reduce acne.

Prothrombotic effect of estrogens and 
progestogens
During pregnancy, estrogens play a pivotal role in driving 
a significant increase in procoagulant activity. Indeed, 
we have observed increased levels of factors VII, X, VIII, 
fibrinogen and von Willebrand factor, especially from the 
third trimester to delivery. Furthermore, some authors 
have reported higher levels of prothrombin factor F 1+2 and 
thrombin-antithrombin complexes in addition to acquired 
protein C resistance and inhibition of fibrinolysis7. 
Although the purpose of these changes is to reduce 
the occurrence of peri-partum hemorrhage, they can 
foster thromboembolic events. Indeed, the risk of VTE 
is about eight-fold higher during pregnancy than in 
non-pregnant women8. Women taking oral contraceptives 
(OC) that contain estrogens and progestogens show blood 
coagulation activation similar to that observed during 
pregnancy. These drugs cause increases in factor II 
(prothrombin), factor VIII, factor IX, and fibrinogen along 
with decrease of the natural anticoagulants (antithrombin, 
protein C and protein S), thus inducing an imbalance 
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Combined oral contraceptives and risk of 
venous thromboembolism
The use of COC is associated with a three- to six-
fold increased risk of venous thrombosis10 (Table I). 
However, the absolute risk of COC-associated VTE 
compared with risk in non-users is quite low (3-15/10,000 
woman-years in users vs 1-5/10,000 risk in non-users)11. 
A recent review focusing on the effectiveness and adverse 
effects of COC has shown that estrogen-containing products, 
such as COC, increase the risk of venous thrombosis from 
2-10 venous thrombotic events per 10,000 women-years to 
7-10 venous thrombotic events per 10,000 women-years12 

compared to progestin-only or nonhormonal methods.

High-dose COC with 50 µg or more ethinylestradiol 
induce a two-fold higher risk of thrombosis than COC 
containing 20-30 µg of ethinylestradiol13 (Table I). 
Although the dosage of the estrogens has a crucial 
role, an important role is also played by the combined 
progestogens. From the early 1980s until late 1990s 
a wide range of progestogens became available. 
At the beginning, norgestimate, desogestrel 
and gestodene (third-generation products) were 
marketed as compounds with fewer side effects than 
norgestrel/levonorgestrel14,15. Afterwards, drospirenone 
(fourth-generation) entered the market for its potential 
role in modulating the prothrombotic effect of 
estrogens16. 
Several case-control studies showed that COC with the 
third- and fourth-generation progestogens increase 
the risk of VTE up to three-fold when compared 
with the risk of those containing second-generation 
progestogens. Figure 3 depicts the relative risk (RR) 
of VTE in users of levonorgestrel, desogestrel, and 
gestodene in comparison with that of non-users and 
levonorgestrel, respectively17 . In 2018, a meta-analysis, 
including 17 studies and almost 24 million women, 
confirmed these findings and added information 
on drospirenone which, in combined preparations, 
showed an odds ratio (OR) of 1.5418.

Table I - Summary of information useful for clinical practice

Preparation Type of study,
Reference No. (year)

Main message

COC

Review, 10 (2001) COC users: 3-6 times higher 
risk of VTE than non-users

Historical cohort 
study, 36 (2012)

COC with 20 μg EE/
desogestrel/gestodene vs 
non-users: 1.5-2 times higher 
risk of MI

Progestogen-
only pill

Systematic review, 31 
(2018)

Adjusted RR for VTE, MI 
and stroke not statistically 
significant vs non-users

LNG-IUD Large, retrospective 
study, 43 (2012)

No increased risk of VTE vs 
non- users

Estradiol 
valerate/
dienogest 

Prospective, 
controlled, non-
interventional, 42 
(2016)

VTE and serious 
cardiovascular events not 
significantly different vs EE/
LNG users

Non-oral 
preparations

Retrospective study, 
43 (2012)

Transdermal patches and 
vaginal ring vs non-users or 
users of COC containing LNG: 
~7-8 fold higher VTE risk

Historical cohort 
study, 36 (2012)

Vaginal ring vs non-users: 2.5 
higher risk of MI

Hormone 
replacement 
therapy

Randomized 
controlled trial, 51 
(2002)

VTE, coronary heart disease 
and stroke 7-8 fold higher in 
CEE/MPA

Estradiol confers a lower VTE 
risk than CEE w/o progestins 
or combined preparations

Case-control, 54 
(2019)

CEE/MPA users show 
2-fold higher VTE risk 
than non-users; estradiol/
dydrogesterone users had the 
lowest risk

Transdermal preparations did 
not increase VTE risk

COC: combined oral contraceptives; VTE: venous thromboembolism; EE: 
ethinylestradiol; MI: myocardial infarction; RR: relative risk; LNG: levonorgestrel; 
CEE: conjugated equine estrogen; MPA: medroxyprogesterone acetate.

Figure 3 - Relative Risk of venous thromboembolism in 
women taking third vs second generation oral contraceptive 
pills
RR: relative risk.
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Risk factors 

Age
A series of observational studies found that age is an 
independent risk factor for VTE in the setting of women 
taking COC11, with a hazard ratio (HR) of 1.86 (1.41-2.46) 
for those in the age range of 10-34 years and 1.35 (1-1.82) in 
the range of 35-55 years19. 

Body mass index
Obesity, defined as a BMI above 30, is per se an important 
risk factor for VTE20. The association of obesity with OC 
use and VTE was first investigated in 3,834 women with a 
first venous thrombotic event and in 4,683 controls21. Obese 
COC users had an OR for VTE of 23.8 (95% CI: 13.4-42.3) in 
comparison with non-obese non-users22. A comprehensive 
analysis of the literature performed in 2017 showed a 
ten-fold higher VTE risk in obese women11, whereas COC 
users who were overweight (BMI >25<30) had an OR of 11.6 
( 95% CI: 7.5-18.1)22. 

Family history 
COC use in women without a family history of thrombotic 
events is associated with an adjusted OR of 2.6 
(95% CI: 1.9-3.6), whereas COC users with family history 
show an adjusted OR of 5.9 (95% CI: 3.3-11). These findings 
are derived from a case-control study, which evaluated 
1,288 women (18-64 years) with a first VTE event and 1,327 
age-matched controls23. 
We underscore that clinicians should pay attention to how 
they collect family history. Indeed, there are potential 
differences in assessing and understanding family history 
among patients and medical professionals24. However, a 
patient’s maintenance of her pedigree provides increased 
patient awareness, ultimately improving health care and 
research25. 

Thrombophilia
Table II summarizes inherited and acquired 
thrombophilias according to severity. Mild thrombophilia 
(factor V Leiden or prothrombin G20210A heterozygosis) 

significantly increases VTE risk in COC users (RR=5.89; 
95% CI: 4.21-8.23)26. Absolute estimates show that VTE 
risk is far higher in COC users with severe thrombophilia 
than in those with mild thrombophilia (4.3 to 4.6 vs 0.49 
to 2.0 per 100 pill-years, respectively)26. Whether or not it 
is helpful to investigate thrombophilia before taking COC 
in order to avoid VTE is still debated. The World Health 
Organization (WHO) recommends against universal 
thrombophilia screening before prescribing COC, because 
of the low prevalence of thrombophilia and high screening 
costs. However, this approach does not take into account 
the long-term implications of VTE and/or the lifetime 
benefits of awareness of inherited thrombophilia24. 
Screening for the most frequent thrombophilias (factor 
V Leiden and prothrombin mutation) could be helpful, 
especially in women older than 35 years, i.e. when the VTE 
risk per se is significantly higher27.
Lastly, in the absence of “ad hoc” studies, the use 
of hormones (oral pill, vaginal ring, transdermal 
patch) should be discouraged in women with positive 
antiphospholipid antibodies (with or without definite 
antiphospholipid syndrome)26. However, some authors 
suggest that a progestogen-only pill or contraceptives 
other than COC (intrauterine devices or implants ) may be 
used in this setting28.

The progestogen-only pill
The progestogen-only pill does not have any significant 
effects on either the levels of blood coagulation factors 
or fibrinolytic activity29. These findings suggest that 
progestogens likely reduce the trigger of blood coagulation 
in vivo, i.e. tissue factor, by interfering with its natural 
inhibitor, the tissue factor pathway inhibitor30. 
A systematic review, including 19 observational studies 
(7 cohort and 12 case-control studies), found that the risk 
of VTE, myocardial infarction, hypertension and diabetes 
were not significantly higher in users than in non-users 
(Table I)31. In contrast, the RR for injectable progestogen 
alone revealed an increased VTE risk (RR=2.62, 
95% CI: 1.74-3.94). 
It is worth noting that recent large nationwide 
case-control studies demonstrate that higher doses of 
norethindrone acetate and medroxyprogesterone acetate 
are significantly associated with two- to three-fold 
higher VTE risk compared to non-users (including those 

Table II - Mild and severe thrombophilic defects

Mild thrombophilia Heterozygosity for factor V Leiden,
heterozygosity for prothrombin G20210A

Severe thrombophilia
Homozygosity for factor V Leiden, 
homozygosity for prothrombin G20210A,
protein C, protein S, antithrombin deficiency

Antiphospholipid antibodies, combined defects.
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using levonorgestrel intrauterine devices [LNG-IUD],  
etonogestrel implants, and oral progesterone)32,33. 

Combined oral contraceptives and risk of 
arterial events
In a case-control study, 248 women (18-49 years old) who 
had had a myocardial infarction and 925 age-matched 
controls showed an OR for COC of 2.0 (96% CI: 1.5-2.8). 
Common inherited thrombophilia did not affect the risk, 
whereas smoking significantly increased the odds of 
having a myocardial infarction during COC use (OR=13.6, 
95% CI: 7.9-23.4)34. 

As for ischemic stroke, another case-control study35, 
including 203 women with ischemic stroke and 925 
controls, showed that COC users had a significantly higher 
risk, with an OR of 2.3 (95% CI: 1.6-3.3). 
Later, a 15-year cohort study, carried out in a sample of 
1,626,158 women, confirmed that smoking significantly 
increases the risk (OR=4.4, 95% CI: 2.7-7.3) of myocardial 
infarction and stroke in women between 15-49 years  
with a negative clinical history of cardiovascular 
disease36 (Table I). The combination of ethinylestradiol 
20 μg and different progestogens showed an overall risk 
of cardiovascular disease of 1.5 (1.3-1.9) for desogestrel, 1.7 
(1.4 to 2.1) for gestodene and 0.9 (0.2 to 3.5) for 
drospirenone36. As for the route of administration, 
vaginal rings increased the risk of arterial events (RR=2.5, 
95% CI: 1.4-4.4), whereas transdermal patches did not 
(RR=3.2, 95% CI: 0.8-12.6). 

New hormonal preparations 
In 2009, COC containing estradiol, instead of 
ethinylestradiol, entered the market. Estradiol had a 
lesser effect than ethinylestradiol on some metabolic and 
hepatic parameters and blood pressure37,38. Furthermore, 
some markers of blood activation, such as F1+2 peptide and 
D-dimer, were unchanged after estradiol administration 
if combined with dienogest (not with levonorgestrel)39-41. 
All these reassuring biochemical findings prompted 
planning of the INAS-SCORE, a large international 
prospective, controlled, non-interventional cohort 
study, designed to compare the occurrence of VTE 
and other cardiovascular events in users of estradiol 
valerate/dienogest and other ethinylestradiol preparations. 
This study recruited 53,750 women from 2009 to 201642 

(Table I). The authors reported a lower incidence rates of 

VTE and serious cardiovascular events in users of estradiol 
valerate/dienogest than in users of other estrogens and 
levonorgestrel preparations (adjusted HR of 0.4 and 
0.5 for estradiol valerate/dienogest and levonorgestrel 
preparations, respectively). Notably, this difference was 
not statistically significant, as although the upper bounds 
of the 95% confidence intervals were 0.98 (VTE) and 
0.96 (serious cardiovascular events), the 95% confidence 
intervals included unity. 

Non-oral hormonal therapy
Progestin-only, long-acting methods, such as the 
LNG-IUD and subdermal implants, are effective 
contraceptive systems, with a rate of less than 1 pregnancy 
per 100 women per year12. The safety of these methods 
has been examined in a large retrospective Danish 
study carried out in about 10 million women43 (Table I). 
Non-users of hormonal contraception showed VTE rate of 
2.1 per 10,000 woman years, whereas progestin-only and 
non-hormonal methods, such as implants and condoms, 
were associated with rare serious risks. Users of 
transdermal patches and vaginal rings showed VTE 
incidences per 10,000 exposure years of 9.7 and 7.8 events, 
respectively12. 
The etonogestrel subdermal implant is a new long-lasting 
contraceptive method. It is effective for up to 5 years and 
is easily placed or removed44. Available data suggest that, 
as for LNG-IUD and the progestin-only pill, subdermal 
implants are associated with the lowest risks12,45.
Consistent with these data, the trend in choosing type of 
contraception has been changing. Indeed, in Northern 
Europe women older than 35 are mainly prescribed a 
LNG-IUD or progestin-only pills and younger women 
primarily use second-generation COC46-48. These changes 
in prescription habits are expected to prevent 300 first 
venous thromboses annually among young Danish 
women46. 

Clinical case 1 (continued)
This woman has two risk factors: age above 35 years 
and cigarette smoking. She should stop smoking 
before starting COC or should be addressed to a 
progestin-only pill. Consistent with current guidelines, 
she should be informed that does not need to undergo 
thrombophilia screening before prescription. However, 
should she undergo screening for any other reason and 
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was found to have a state of mild thrombophilia, the VTE 
risk would be between 0.49 and 2.0 per 100 pill-years26. 
Smoking significantly increases the odd of arterial events. 
Transdermal patches, LNG-IUD or an etonogestrel implant 
are options for her, as all show the lowest thrombotic 
risk12,49. In conclusion, thrombophilia screening does not 
add further information to guide the prescription of safer 
contraception methods. 

Clinical case 2 (continued)
Caution should be taken when suggesting COC to obese 
women21. We therefore suggest our patient to reduce her 
BMI. In the meantime, which hormones can we suggest? 
The WHO states that in similar cases, use of COC “generally 
outweighs the theoretical or proven risks”. Based on the 
available literature, we suggest LNG-containing COC. 
However, a progestin-only pill, LNG-IUD or implant are 
also possible options for this case50.

Clinical case 3
Our third case is a 47-year-old woman in perimenopause 
with abnormal uterine bleeding and iron-deficient anemia. 
She has undergone hysteroscopy and endometrial biopsy, 
which has revealed glandular hyperplasia without any 
sign of dysplasia or atypia. She does not have additional 
risk factors. 
Her gynecologist suggests using progestogen. Should we 
use other products? Should she be given HRT?

Hormone replacement therapy 
In 2002, a randomized controlled phase III study was 
carried out in the USA with the aim of investigating 
risks and benefits of estrogens plus progestins in healthy 
postmenopausal women aged 50 to 79 years. The women 
received conjugated equine estrogens (CEE), 0.625 mg/day 
plus medroxyprogesterone acetate, 2.5 mg/day in one 
tablet (No.=8,506) or placebo (No.=8,102)51 (Table I). The 
study was designed to have a long follow-up (8.5 years). 
Results were not in favor of the estrogen-progestin 
combination, as the absolute excess risks per 10,000 
person-years were seven-fold higher for coronary heart 
disease, eight-fold higher for strokes, eight-fold higher 
for pulmonary embolism and more than eight-fold higher 
for invasive breast cancer. Although the small increase 
of absolute risks and the inclusion in the trial of women 
within a wide range of age (50 to 79 years), the findings 
caused concern52 and a consequent reduction in the use of 

HRT. The NICE guidelines published in 201553 underscored 
a crucial point: the need to counsel women about the net 
benefit of HRT, sharing with them the choice of starting 
and duration of treatment. 
In 2019, a large case-control study was planned in 
the UK to assess possible associations between VTE 
risk and all types of HRT from 1998 to 2017. The 
study enrolled about 90,000 women between 40-79 
years with a primary diagnosis of VTE and 400,000 
controls54. Oral HRT was demonstrated to confer an 
increased risk of VTE in women exposed in comparison 
with those not exposed (OR=1.58, 95% CI: 1.52-1.64); this 
finding included both estrogen-only products (OR=1.40, 
95% CI: 1.32-1.48) and combined preparations (OR=1.73, 
95% CI: 1.65-1.81). Estradiol showed a lower risk than 
CEE without progestins (OR=0.85, 95% CI: 0.76-0.95) and 
combined preparations (OR=0.83, 95% CI: 0.76-0.91). Use 
of CEE with medroxyprogesterone acetate was associated 
with a higher risk than no exposure (OR=2.10, 95% CI: 
1.92-2.31), whereas estradiol with dydrogesterone did 
not increase the risk (OR=1.18, 95% CI: 0.98-1.42). It is 
noteworthy that transdermal preparations (different 
regimens) were not associated with increased VTE risk 
(overall adjusted OR=0.93, 95% CI: 0.87-1.01)54 (Table I). 
As for the risk of ischemic stroke, literature data are not 
univocal55. Results from the double-blind randomized 
controlled trial WHI showed a higher risk of ischemic 
stroke in women administered HRT (HR=1.44, 
95% CI: 1.09-1.90) than in those receiving placebo56. 
Conversely, another randomized controlled trial of 
HRT vs placebo, the HERS study, showed no significant 
difference in the number of ischemic strokes in the two 
groups (OR=1.18, 95% CI: 0.83-1.67) after a mean follow-up 
of 4 years57.
Early administration of HRT after menopause has been 
associated with lower mortality. Indeed, a Cochrane 
systematic review58 showed that women who started 
HRT less than 10 years after menopause had lower 
mortality (RR=0.70, 95% CI: 0.52-0.95) and lower mortality 
from cardiovascular causes and non-fatal myocardial 
infarction (RR=0.52, 95% CI: 0.29-0.96), although VTE risk 
was higher (RR=1.74, 95% CI: 1.11-2.73) compared to that 
of women taking a placebo or no treatment. In contrast, 
women who started HRT more than 10 years after the 
menopause had an increased risk of stroke (RR=1.21, 
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95% CI: 1.06-1.38) and VTE (RR=1.96, 95% CI: 1.37-2.80). 
A recent position statement by The North American 
Menopause Society59 suggests HRT in women 
younger than 60 years, who are within 10 years 
from the onset of menopause and do not have 
contraindications, because of the favorable 
benefit-risk ratio for HRT.
Using transdermal estradiol in association with 
micronized progesterone or dydrogesterone may limit 
both the VTE risk associated with oral estrogens and 
the risk of breast cancer associated with synthetic 
progestogens60. 
In women with previous thrombotic events, multiple 
risk factors or severe thrombophilia, we need to be more 
cautious and consider alternative strategies. For instance, 
non-hormonal therapies, such as certain antidepressant 
agents, gabapentinoids, and clonidine may offer some 
relief from hot f lushes but have their own adverse effects. 
Likewise, cognitive behavioral therapy may have positive 
effects on vasomotor symptoms61.

Clinical case 3 (continued)
Abnormal uterine bleeding affects 10-30% of 
middle-aged women and is the reason for about 
one-third of all outpatient gynecological visits62. Hormonal 
management is considered the first line of medical therapy 
for patients with acute abnormal uterine bleeding without 
known or suspected bleeding disorders63.
Our patient can safely use a progestin-only pill or 
LNG-IUD. However, after counseling taking into account 
some aspects of her sexuality and her psycho-relational 
discomfort, she could also be administered HRT. 

Conclusions
Hormonal therapy is undoubtedly burdened with a 
thrombotic risk. However, inf lexible or fearful behaviors 
should be avoided. In daily practice, clinicians should find 
the best solution for each woman, taking into account all 
the possible choices. 
Several additional risk factors need to be taken into account 
when evaluating net clinical benefit. The identification of 
an individual risk profile is helpful to define the better 
strategy for each woman. Therefore, counseling has a 
pivotal role to discuss the pros and cons of each approach, 
allowing women to make the best final decision for their 
health. 
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