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Thrombotic and bleeding risks, as well as the incidence and presentation of cardiovascular events and related
outcomes, appear to differ between genders, partly in relation to variability in age, comorbidities and body size.
Women experience frequent fluctuations of pro-thrombotic activity during their lifetime, related to menstrual
cycles, the use of oral contraceptives, pregnancy, menopause, and hormone replacement therapy, all with poten-
tial impact on the clinical manifestations of atherosclerotic disease. On the other hand, compared with men,
women feature an increased risk of bleeding during hospitalization in the setting of acute coronary syndromes
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Thrombosis At the same time, benefits of antithrombotic therapy may differ in women compared with men in several clinical
Coagulation settings and according to the type of antithrombotic agent used for primary and secondary cardiovascular pre-
Antithrombotic therapies vention, for the prevention of thromboembolism in patients with atrial fibrillation, and for the prevention and
Bleeding treatment of venous thromboembolism.

Data from observational and interventional studies do not exclude gender-specific differences in either the
thrombotic and hemorrhagic burden, and the effects of antithrombotic drugs on clinical outcomes might also dif-
fer between men and women. Pathophysiological mechanisms causing these disparities are not entirely clear.
Multiple factors in platelet function and coagulation mechanisms in different vascular beds, partly related to
the hormonal status, might contribute to such gender differences.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Together with the incidence and presentation of cardiovascular
events and related outcomes, the risks of thrombosis and bleeding ap-
pear to differ between genders, partly in relation to differences in age
presentation of cardiovascular disease, comorbidities, and body size.
In addition, women experience frequent fluctuations of prothrombotic
activity related to menstrual cycles, the use of oral contraceptives, preg-
nancy, menopause, and hormone replacement therapy, all with
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potential impact on the clinical manifestations of thromboembolic com-
plications. In parallel, gender-related differences in ex vivo platelet
function have been observed, possibly the result of direct effects on
platelets of estrogens, progesterone, or androgens. Finally, indirect ef-
fect of sex hormones on the vasculature may occur [1].

On the other hand, compared with men, women apparently feature
a higher risk of bleeding complications during hospitalization in the set-
ting of acute coronary syndromes (ACS) [2], or percutaneous coronary
interventions (PCI) [3]. Benefits of antithrombotic therapy may also dif-
fer in women compared with men in various clinical settings, in both
primary and secondary cardiovascular disease prevention and accord-
ing to the type of antithrombotic agent used [4].

Pathophysiological mechanisms causing these gender-related dis-
parities are not entirely clear, and multiple factors, including differences
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in platelet biology and/or coagulation activity, may contribute. This nar-
rative review intends to summarise available evidence through a com-
prehensive analysis of the literature. We searched Medline (via
PUBMED), the Cochrane Central Register of Controlled Trials (via
Wiley) and Clinicaltrials.gov from inception to December 1, 2018. Stud-
ies presented or published in languages different than English were ex-
cluded. The studies have to report relevant data on: the epidemiological
impact of cardiovascular diseases in women; thrombotic and bleeding
risk in women; platelet function and coagulative patterns according to
gender; gender-related data on antiplatelet therapies in primary and
secondary cardiovascular prevention, and on anticoagulant therapy in
various clinical setting; and the use of various antithrombotic drugs in
pregnancy. The following terms were searched: ‘women’, ‘gender’,
‘platelet function’, ‘coagulation’, ‘antiplatelet therapy’, ‘cardiovascular
diseases’, ‘cardiovascular prevention’, “myocardial infarction”, ‘antico-
agulant therapy’, ‘vitamin K antagonists’, ‘non-vitamin K oral anticoagu-
lants’, “direct oral anticoagulants”, ‘bleeding’, ‘atrial fibrillation’, ‘stroke’,
‘venous thromboembolism’ and ‘pregnancy’. In addition, we searched
the presentations at major cardiovascular scientific sessions, including
abstracts form official meetings of the American Heart Association,
American College of Cardiology and European Society of Cardiology.
Studies were excluded in case of duplicate publication of results. References
identified were hand-searched to locate other potentially useful papers.
Clinical randomized trials, prospective cohort studies and retrospective
analyses were included, as well as meta-analyses. Abstracts were excluded.
Discordance regarding inclusion was resolved by consensus.

2. Thromboetic risk in women

Gender-based differences in the epidemiology, pathophysiology,
clinical presentation and therapy of atherothrombotic disease have
been explored in several studies. Men suffer from coronary artery dis-
ease (CAD)-related events more than women until 39 years of age,
and almost equally between 40 and 79 years; conversely, the preva-
lence of CAD in subjects aged >80 years is higher in women than men
[5]. Studies have indicated that the temporal trend for myocardial in-
farction (MI) over the last ten years in the mid-life population (age
35-54 years) is characterized by a decreasing prevalence in men and
an increasing prevalence in women, mainly due to the increase in
smoking, diabetes and hypertension in the latter, in addition to changes
associated with the menopause. This impacts on the overall incidence of
cardiovascular disease [6,7].

Women have frequent fluctuations of the hemostatic status during
their lifetime, due to menstrual cycles, the use of oral contraceptives,
pregnancy, the menopause, and hormone replacement therapy, all
with potential influence on clinical events related to atherosclerotic dis-
ease [1]. It has been postulated that gender differences in ex-vivo platelet
function might be the result of a direct action of estrogens, progesterone,
or androgens on platelets. At the same time, there could be an indirect ef-
fect of sex hormones on the vasculature [8]. Estrogens promote the pro-
duction of prostacyclin, improve nitric oxide bioavailability, and directly
reduce platelet aggregation [9]. Of note, a lower platelet reactivity in pre-
menopausal women has been related to the presence of estrogen recep-
tors on the platelet surface [10]. However, the effects of the endogenous
estrogen status in delaying the onset of atherothrombotic events in
women are still debated.

2.1. Gender differences in platelet function

Various investigations have shown enhanced platelet reactivity in
women [11], both with and without antiplatelet therapy [12], but
other studies have not confirmed these findings [13,14]. Some reports
have also indicated a more pronounced platelet adhesion to injured ves-
sels in males [15], but greater agonist-induced platelet activation and
aggregation in females [9,16]. Several platelet agonists have been
shown to activate glycoprotein (GP) IIb/Illa, the platelet receptor

allowing the binding of fibrinogen and platelet aggregation, to a larger
extent in women than in men. A higher adenosine diphosphate
(ADP)- or collagen-induced aggregability has been described in females
vs males [11,16,17]. However, although ex vivo data would indicate a
higher platelet function, when bleeding time has been used to evaluate
the overall platelet competence, women featured a 20-25% longer
in vivo bleeding time compared with men [18].

2.2. Gender differences in coagulation

Hemostasis in women is influenced by changes in the hormonal sta-
tus associated with the menstrual cycle, pregnancy, hormone-based
contraceptives, and hormone replacement therapy (HRT) preparations
[19] (Fig. 1). Hormonal changes affect the levels of coagulation factors,
although there does not seem to be any clear evidence of a clinically sig-
nificant change in the traditional clotting assays during the normal
menstrual cycle. An acquired resistance to the actions of activated pro-
tein C was observed as a significant factor in changes to hemostasis as-
sociated with both pregnancy and combined oral contraceptive use, and
it correlates well with clinical findings. Cyclic variations of von
Willebrand factor (VWF), fibrinogen, and activated factor VII have
been measured in healthy women during the normal menstrual cycle
[19]. Pregnancy is a procoagulant state, aimed at preventing bleeding
at the time of delivery or miscarriage, with a progressive increase in
the levels of factors VII, VIII, IX, X, and XII, fibrinogen, and von
Willebrand Factor (VWF), as well as a reduction in the levels or activity
of anticoagulant factors (protein S and C) or decreased endogenous fi-
brinolysis, in particular due to increases in plasminogen activator inhib-
itor (PAI) type 1 and 2, produced by the placenta, and increased
resistance to activated protein C [19]. This prothrombotic status has
been described up to 8 weeks after delivery, and may predispose to
thrombotic events. During the post-menopausal period, genetic and en-
vironmental factors (including diet, smoking habits, reduced physical
exercise, a low-grade inflammatory state) “negatively” modulate the
expression of proteins involved in the hemostatic process, leading to
changes in the hemostatic system at different levels (the vascular endo-
thelium, platelet activity, blood coagulation, fibrinolysis) [20]. This may
also contribute to the higher incidence of arterial and venous thrombo-
sis in elderly compared with young women. Moreover, the oral admin-
istration of synthetic estrogens has profound effects on liver-derived
plasma proteins, coagulation factors, lipoproteins, and triglycerides. It
has been demonstrated that estrogens reduce some coagulation regula-
tory proteins (tissue factor pathway inhibitor, protein S, protein C, and
antithrombin) whereas, they increase the levels of procoagulant factors
VII, X, XII, and XIII, and prothrombin fragments 1 + 2 [21,22]. This im-
balance may result in increased activation of coagulation, whereby the
increased levels of factors released by endothelial cells (VWF, factor
VIII) might also play a role [23].

3. Bleeding risk in women

Bleeding episodes in patients with a cardiovascular event may im-
pact on later survival, and gender-related differences in the bleeding
risk have been observed. Data from the Global Registry of Acute Coro-
nary Events (GRACE) showed that women vs men experience a 43%
higher risk of bleeding during the index hospitalization, independently
of age [2]. The risk was even higher in patients presenting with ST-
segment elevation MI. Compared with men, women receiving a PCI
had a significantly higher occurrence of in-hospital major bleeding,
also including access-related complications [3]. This higher risk of
bleeding is likely in part due to inappropriate dosing of antithrombotic
agents [24] because, although there is no difference in dose recommen-
dations according to gender, the lower body weight may increase bleed-
ing risk in women. Importantly, the consequences of a bleeding event
extend beyond the acute phase of a coronary event, because patients
with bleeding complications are less likely to receive antiplatelet
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Fig. 1. Hemostasis in women. Changes of coagulation factors and anticoagulant factors according to hormonal status associated with menstrual cycle, pregnancy, hormone-based
contraceptives, and hormone replacement therapy are depicted. APC = activated protein C, AT = anti-thrombin, COC = combined oral contraceptives, HRT = hormone replacement
therapy, INR = international normalized ratio, PT = prothrombin time, VWF = von Willebrand factor.

treatments during the follow-up, and the re-initiation of therapy is
often indefinitely delayed, with a major impact on the risk of future car-
diovascular events.

4. Gender implications in response to antiplatelet therapy in various
clinical settings

4.1. Primary cardiovascular prevention

The Women's Health Study (WHS) investigated the clinical outcome
with aspirin use in 39,876 initially healthy women aged >45 years, ran-
domized to receive 100 mg of aspirin on alternate days or placebo, and
then followed up to 10 years. Aspirin did not decrease the overall inci-
dence of major cardiovascular events (MACE), but significantly prevented
stroke (relative risk 0.83; P = 0.04). The rates of hemorrhagic stroke were
similar in the two arms, but a 1.4-fold higher risk of gastrointestinal
bleeding requiring transfusion was observed with aspirin use [25].
Pooling data with other trials for a total of 51,342 women, a borderline
significant reduction of MACE and ischemic stroke was observed with as-
pirin use, without benefit on myocardial infarction (MI) or cardiovascular
death, and with a higher incidence of overall bleeding [26]. The individual
patient-level Antithrombotic Trialists' (ATT) collaboration meta-analysis
of 6 randomized trials in primary prevention (of which one performed
in women only and 3 in men only, therefore only two allowing within-
trial gender comparisons) found a significantly lower rate of MACE with
aspirin in men, which was not apparent in women [26].

Various mechanisms might explain this possible gender-related dis-
crepancy in the cardioprotection provided by aspirin: changes in plate-
let biology and aspirin metabolism, and/or ‘aspirin resistance’, which,
although variably defined, appears to be more prevalent in women
than in men [27]. A post-hoc subanalysis of the Women's Health
Study (WHS) indicated that a selective treatment achieved a better
net clinical benefit than treating none: this was defined as the treatment
of women >65 years of age, provided that their 10-year number-
willing-to-treat (NWT) to prevent one cardiovascular event, based on
their risk profile, was above 50 [28]. Three controlled randomized trials

(ASCEND, A Study of Cardiovascular Events in Diabetes [29]; ARRIVE,
Aspirin to Reduce Risk of Initial Vascular Events [30]; ASPREE, Aspirin
in Reducing Events in the Elderly [31-33]) recently showed no clinical
benefit of aspirin in primary cardiovascular prevention, without interac-
tion between treatment effect on outcome and gender.

Thus, although gender differences have been invoked for cardiovas-
cular protection by aspirin, the analysis of the available evidence does
not allow to draw firm conclusions. Proposed indications aimed at guid-
ing clinical decision-making of antiplatelet therapy for primary cardio-
vascular prevention in women are provided in Table 1.

4.1.1. Primary cardiovascular prevention in specific subsets

Some female-related situations require attention in view of possible
aspirin use for primary prevention of cardiovascular events, in particu-
lar the menopausal status and the occurrence of breast cancer.

The higher incidence of cardiovascular diseases in postmenopausal
vs premenopausal women has been correlated with a lowering in estro-
gen levels, although the findings of studies investigating the effects of
hormone replacement therapy on cardiovascular outcome have yielded
conflicting results, due to the type of estrogen and/or the timing of hor-
mone replacement therapy. Aspirin might counteract the postulated in-
creased thrombotic risk of postmenopausal women on hormone
replacement therapy, but no definite consensus has been reached, and
further trials are needed to evaluate the benefit-risk ratio of this ap-
proach (Table 1).

Breast cancer is the most common cancer in women worldwide, and
radiotherapy performed in the early stage reduces recurrence and pre-
mature death. However, a linear relationship between radiation doses
and future cardiovascular events has also been described [34], particu-
larly for women with preexisting cardiovascular risk factors. Thus,
women with breast cancer should optimize their cardiovascular risk
factor profile, and the prophylactic use of aspirin might thus be advo-
cated in women undergoing radiotherapy (Table 1). It has to be noted,
however, that to date there is no evidence from randomized clinical tri-
als that aspirin use is associated with a net clinical benefit in primary
cardiovascular prevention among women undergoing radiotherapy.
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Table 1

Suggested antiplatelet strategies for primary and secondary cardiovascular prevention in
women. Calculations of risk were done following the SCORE system adopted by the
European Society of Cardiology (http://www.escardio.org/communities/EACPR/toolbox/
health-professionals/Pages/SCORE-RiskCharts.aspx).

Setting Suggestions

Primary prevention
Overall

Low-dose aspirin (<100 mg/day) should probably
use in women with a risk of >2 major cardiovascular
events (death, myocardial infarction and stroke)/100
patients-year (the bleeding risk must be weighted).
- Low-dose aspirin may be considered in women with
arisk of >1 cardiovascular events/100 patients-year
(the bleeding risk - increased by aspirin and the risk
of cancer, especially colon cancer, likely reduced by
aspirin - along with patients' values and preferences,
should be considered).
No convincing data for clopidogrel use
Specific settings - Low-dose aspirin is indicated in women with type-1
diabetes and target-organ damage (the bleeding risk
must be weighted)

- Low-dose aspirin may be considered in diabetic
women with a risk of >1 cardiovascular events/100
patients-year (the bleeding risk must be weighted)

- Low-dose aspirin may be considered in post-
menopausal women on hormone replacement
therapy (the bleeding risk must be weighed)
Low-dose aspirin may be considered in pregnant
women at high risk of early pre-eclampsia
- Low-dose aspirin may be considered in women with
breast cancer undergoing radiotherapy (the bleeding
risk must be weighed)

Secondary prevention
Women with CAD - No gender-specific recommendations in patients
with stable or unstable CAD

Women with - Low-dose aspirin preferred; clopidogrel may be
non-cardio-embolic considered
stroke/TIA

CAD = coronary artery disease; TIA = transient ischemic attack.

4.2. Secondary cardiovascular prevention

In the ATT meta-analysis, there was no conclusive demonstration fa-
voring the interaction between gender and efficacy of aspirin vs placebo
for the secondary cardiovascular prevention: in particular, the relative
reduction of major coronary events during the follow-up with aspirin
was 19% in males and 27% in females (P for interaction = 0.4), and
the relative reduction of MACE (cardiovascular death, MI, stroke) was
19% in both genders (P for interaction = 1.0) [26].

A meta-analysis of five placebo-controlled, randomized trials com-
paring clopidogrel plus aspirin vs aspirin alone in patients with CAD
(mainly ACS) or at high risk of cardiovascular disease recurrence [35],
showed that the absolute risk of recurrent events during the follow-up
is higher in women than in men, and the relative benefit of clopidogrel
therapy appears attenuated in women vs men (7% vs 16% reduction).
On the other hand, gender differences in the absolute benefit were not
striking (0.8% in women vs 1.2% in men). Of note, the use of clopidogrel
vs placebo in the background of aspirin therapy led to increased risk of
major bleeding in both men and women.

In the Trial to Assess Improvement in Therapeutic Outcomes by Op-
timizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial
Infarction 38 (TRITON-TIMI 38) trial, evaluating prasugrel vs clopidogrel
on top of aspirin therapy in ACS patients undergoing PCI, there was no
interaction between the efficacy of prasugrel and gender, although
men again had a higher absolute (2.4% vs 1.6%) and relative (21% vs
12%) decrease of MACE at the 15-month follow-up with prasugrel com-
pared with women [36]. Furthermore, multivariate analysis indicated
that female gender was the strongest predictor of non-bypass-related
bleeding complications during the follow-up. Similarly, in the PLATelet
inhibition and patient Outcomes (PLATO) study, where ticagrelor was

compared with clopidogrel in aspirin-treated patients with ACS, no sig-
nificant gender difference was found in either the absolute or relative
MACE reductions at 1 year by ticagrelor [37]. In PLATO, women of age
>75 years were more represented than men >75 years of age. Female
gender was, however, associated with enhanced risk of PCI-related
bleeding independent of age. This association was not significant for
non-PCl-related bleeding.

Suggestions on the use of antiplatelet therapy in women for second-
ary cardiovascular prevention are summarized in Table 1.

Two recent studies evaluated the safety and efficacy of the factor Xa
inhibitor rivaroxaban on top of antiplatelet therapy in patients with
CAD. In the Anti-Xa Therapy to Lower cardiovascular events in addition
to Aspirin with or without thienopyridine therapy in Subjects with
Acute Coronary Syndrome 2 — Thrombolysis in Myocardial Infarction
51 (ATLAS ACS 2-TIMI 51) trial, rivaroxaban (2.5 mg or 5 mg twice
daily) in the background of aspirin plus clopidogrel treatment showed
a significant risk reduction of the composite end point (cardiovascular
death, myocardial infarction, or stroke) vs dual antiplatelet therapy
alone in patients with ACS; this protection was similar in men and
women, with a bleeding increase with rivaroxaban use across genders
[38].

In the Cardiovascular OutcoMes for People using Anticoagulation
StrategieS (COMPASS) trial, rivaroxaban (2.5 mg twice daily) given on
top of aspirin in patients with stable coronary or peripheral atheroscle-
rotic disease reduced the incidence of ischemic events (MACE, all-cause
death and cardiovascular death) vs aspirin alone, regardless of gender,
and with an increase in bleeding with rivaroxaban across genders [39].

4.3. Primary and secondary prevention of stroke

Prevention of stroke is a relevant and contemporary issue, especially
in women. In females aged <75 years, stroke is more prevalent than
CAD, and women between 45 and 54 years of age are more than twice
as likely as men to suffer from a stroke. Because women have a longer
life expectancy than men, their lifetime risk of stroke is higher [40]. Be-
sides a higher tendency to develop systemic hypertension, hormone re-
placement therapy may further predispose post-menopausal women to
future ischemic stroke [41]. Importantly, women have a worse clinical
outcome after a stroke compared with men, with lower survival and
higher disability, depression, and dementia [40].

4.3.1. Primary prevention

In the WHS, a 17% risk reduction of ischemic stroke was observed
with aspirin use, and the most consistent benefit was found in women
>65 years old and in those with a >10% cardiovascular risk at 10 years
[25]. In that trial, there was only a trend towards a lower incidence of
any stroke (ischemic or hemorrhagic) with aspirin, probably due to
somewhat higher rates of hemorrhagic stroke.

4.3.2. Secondary prevention

Four antiplatelet agents have been approved for prevention of vas-
cular events in patients with stroke or transient ischemic attacks
(TIA): aspirin, ticlopidine, the association of aspirin and dipyridamole,
and clopidogrel. These drugs overall decreased the incidence of stroke,
MI, or death by 22%, but differences among their effects were demon-
strated, with consequences on therapeutic choice.

Among patients with a recent stroke or TIA in randomized studies,
aspirin led to 15% relative reduction in the overall risk of a future cere-
brovascular event, resulting in a favorable net clinical benefit because
the prevention of ischemic stroke was higher than the increase in the
risk of hemorrhagic stroke [26]. The recommended doses range from
50 to 325 mg/day, and there are no differential indications for women
(Table 1).

Ticlopidine (250 mg twice a day) showed a 25% reduced incidence of
cardiovascular events compared with placebo in patients with a recent
ischemic stroke, and such benefit was observed, regardless of gender
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[42]. When compared with aspirin for the prevention of stroke recur-
rence in patients with a recent minor stroke or TIA, ticlopidine showed
lower 3-year event rates in both genders (1/3 of patients were women),
but with a higher incidence of side effects, including neutropenia, skin
rash, and diarrhea [43].

In patients with a previous TIA or stroke, the combination of
dipyridamole (400 mg daily) and aspirin at low doses (50 mg daily)
was evaluated against low-dose aspirin alone (50 mg daily) [44] and
higher-dose aspirin alone (50-325 mg daily) [45]. The combination treat-
ment significantly reduced the rates of both stroke and cardiac/cerebral
events. No significant interaction was found according to gender, al-
though a trend towards lower benefit with combination therapy was ob-
served in women. However, headache and gastrointestinal symptoms
were a main cause of dipyridamole discontinuation, and this represents
a major limitation for using this drug in clinical practice.

No specific study has compared clopidogrel and placebo in the setting
of secondary stroke prevention. A combination of clopidogrel (75 mg per
day) or aspirin (25 mg twice daily) plus extended release dipyridamole
(200 mg twice daily) was evaluated in patients with ischemic stroke. A
similar incidence of recurrent stroke was observed with the two strate-
gies. The rates of bleeding complications were higher in the aspirin/
dipyridamole arm, but the net risk of recurrent stroke or major bleeding
was not different [46]. Although the study was not powered to evaluate
gender-related differences in outcome, a higher benefit with clopidogrel
was observed in women than in men. No significant benefit was demon-
strated with the combination of clopidogrel 75 mg/day and aspirin
75 mg/day vs clopidogrel alone in patients with a recent TIA or ischemic
stroke, in terms of prevention of a primary composite outcome (MI, ische-
mic stroke, vascular death, or re-hospitalization for any central or periph-
eral ischemic event), while the risk of major bleeding was significantly
higher [47]. The analysis according to gender achieved similar results.

Cilostazol, a phosphodiesterase inhibitor, was compared to placebo
[48] or to aspirin [49] in patients with a history of non-cardioembolic ce-
rebral infarction. Overall, compared with placebo, the use of cilostazol
was associated with lower rates of secondary stroke, especially in pa-
tients with lacunar infarction, and this suggests a benefit in small vessel
disease. Compared with aspirin, cilostazol significantly reduced the risk
of vascular events and hemorrhagic stroke, but at the price of a higher
incidence of side effects. About one third of the trial population in the
comparison with placebo were women.

5. Gender implications in the response to anticoagulant therapy in
different clinical settings

Long-term anticoagulant therapy is indicated for the treatment of a
variety of disease conditions, mainly including prevention of stroke
and systemic embolism in patients with atrial fibrillation, or in patients
with mechanical prosthetic heart valve, and the primary and secondary
prevention of venous thromboembolism. The clinical effectiveness of
oral anticoagulants, such as vitamin K antagonists (VKAs) and the
newer non-vitamin K antagonist oral anticoagulants (NOACs) has
been established by well-designed clinical trials, but the impact of gen-
der and gender-associated differences in risk factors for thromboembo-
lism and anticoagulant treatment on outcomes in patients with these
clinical conditions is not fully understood.

5.1. Atrial fibrillation

Atrial fibrillation (AF) is an independent risk factor for stroke: in
general, it confers a five-fold higher risk to affected patients compared
with the unaffected population. The risk of stroke is particularly high
in patients with so-called “valvular” AF, including patients with mitral
stenosis or mechanical prosthetic valves, although patients with all
sort of valvular heart disease are on average at higher risk of stroke com-
pared with patients without valvular disease [50], since they are older,
have more frequently sustained AF, have a higher prevalence of heart

failure and CAD. However, assessing risk factors for stroke over time is
crucial to optimize antithrombotic therapy in patients with AF, and cur-
rent guidelines recommend to estimate the stroke risk in AF patients
based on a risk-stratification scheme, currently mostly the CHA,DS,-
VASc score [51]. According to this, prior stroke or TIA or systemic embo-
lism, and age >75 years are considered as “major risk factors” (2 points
in the score), heart failure (moderate to severe systolic left ventricular
dysfunction, arbitrarily defined as left ventricular ejection fraction
<40%), hypertension, diabetes, age 65-74 years, vascular disease (MI,
peripheral artery disease, and complex aortic plaques), and female gen-
der are defined as “clinically relevant non-major risk factors” (1 point)
[52]. Thus, female gender is a recognised risk factor for stroke in the
CHA,DS,-VASc stroke risk stratification scheme, because it indepen-
dently increases the risk of stroke in AF, particularly in older women
[53-55], although it does not appear to increase stroke risk in the ab-
sence of other stroke risk factors [56,57], including patients with
<65 years and/or “lone atrial fibrillation”. For these reasons, female pa-
tients with gender alone as a single risk factor (still a CHA,DS,-VASc
score of 1) would not need antithrombotic therapy, similar to patients
without clinical stroke risk factors, while patients with stroke risk fac-
tors (i.e. CHA,DS,-VASc score 21 or for men, and 22 for women) are
likely to benefit from oral anticoagulation [51].

Furthermore, the prognosis of women with AF markedly differs from
men, and women with AF have a higher risk for adverse events, such as
stroke and death [58], even after adjustment for baseline comorbid con-
ditions and treatment with anticoagulants [59], although these data are
inconsistently reported in the literature.

In prospective cohort studies, overall the use of anticoagulant ther-
apy for stroke prevention resulted not different in men and women, al-
though women were older than men and had a higher prevalence of
comorbid conditions [60]. However, in some reports female AF patients
at risk of stroke were less often prescribed OAC and were given aspirin
more often than males [61]. Nevertheless, in the recent Global Anticoag-
ulant Registry in the FIELD-Atrial Fibrillation (GARFIELD-AF) study,
compared with no anticoagulant treatment, anticoagulants lowered
the 1-year risk of stroke/systemic embolism to a greater extent in men
than women (HR 0.77, 95% CI 0.57 to 1.03 in women; HR 0.45, 95% CI
0.33 to 0.61 in men), and this interaction was significant (P = 0.01).
The lower impact of anticoagulant treatment on stroke rates in
women has been ascribed to a poorer anticoagulation control when
treated with vitamin K antagonists [59]. This has been partly explained
by a lower adherence to therapy and/or a higher age and/or the use of
lower doses and target ranges in women compared to men.

On the other hand, the greater risk of bleeding observed in men in
some studies may be explained by more aggressive antithrombotic
treatment in men compared with women. Moreover, subtle differences
in prescribing patterns by gender, including a more frequent anticoagu-
lant and antiplatelet combination therapy, might be responsible for a
higher bleeding rate [59].

A recent meta-analysis collecting almost one million AF patients
confirmed a higher risk of stroke in females compared to men; the
study did not observe sex differences in either major bleeding events
or all cause death, whereas found an increased risk of CV death in female
patients with decreasing oral anticoagulant use [62].

However, this gender difference has not been observed in random-
ized controlled trials (RCT) with the NOACs, although females were
largely under-represented in all these RCTs. In the first meta-analysis
of the four large phase-IIl RCT comparing efficacy and safety of NOACs
and VKAs in AF patients, no significant interaction for gender was re-
ported for stroke/systemic embolism and for major bleeding [63]. An-
other meta-analysis indicated that women with AF had a significantly
greater residual risk of cerebrovascular accidents and systemic emboli-
zation when treated using warfarin compared with men, but the gender
difference disappeared when a similar analysis was performed on a
pooled population treated with NOACs in published RCT, with signifi-
cantly less major bleeding in the female cohort compared with male
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cohort [55]. A more recent meta-analysis of data from the phase III
NOACs trials showed that male patients had a higher risk for stroke/sys-
temic embolism than females, with a greater effect for NOACs in reduc-
ing thromboembolic risk, while female patients appeared to be more
protected against major bleeding when treated with NOACs [64]. This
evidence indicates that NOACs can overrule this risk, achieving the
same risk level in females and males. This may be related to pharmaco-
kinetic and pharmacodynamic advantages provided by NOACs,
resulting in a more consistent anticoagulant effect, without the
disadvantage of subtherapeutic or supratherapeutic anticoagulation
[55]. In a recent population-based cohort study, the use of NOACs was
associated with a lower risk of ICH and all-cause death compared with
warfarin in women but not in men, regardless of the quality of the
anticoagulation control in warfarin-treated patients; the risks of
stroke/systemic embolism and gastrointestinal bleeding with NOACs
versus warfarin were comparable in both sexes [65].

Observational data addressing sex-related differences in NOACs ef-
fects suggest that females regardless of age are more likely to receive
the lower dose of dabigatran (110 mg), and that male users of
dabigatran 150 mg or 110 mg have less major bleeding than females.
In first diagnosed AF patients >65 years, rivaroxaban 20 mg was associ-
ated with significant stroke reduction in males and more major bleeding
in females compared with warfarin [61]. However, data from RCTs did
not reveal any clinically relevant difference in NOACs efficacy and safety
relative to female sex and a recent consensus document of the European
Heart Rhythm Association indicated that, given the lack of significant
treatment interactions with sex, the choice of the type of NOAC in fe-
males should follow general principles of personalized AF treatment
decision-making [61].

The inconsistency of published results is probably due to the differ-
ent nature of trials, meta-analyses or observational studies, different
study designs, patient selection, inclusion criteria, outcomes, and dura-
tions of follow-up [66]. However, the role of gender in determining
thromboembolic events in AF patients is still not clear, and differential
effects of anticoagulants on thromboembolic protection are still not de-
termined. Further data from large observational trials of AF patients
treated with NOACs are needed to clarify this issue. To date, there are
no differential indication in the prevention of thromboembolism for
women with AF.

5.2. Venous thromboembolism

Venous thromboembolism (VTE), consisting of deep-vein thrombo-
sis and pulmonary embolism, is a potentially fatal disorder, with an es-
timated annual incidence of 0.1% in white populations. Approximately
one third of patients with symptomatic VTE manifest pulmonary embo-
lism (PE), whereas two thirds manifest deep vein thrombosis (DVT)
alone. Despite anticoagulant therapy, VTE recurs frequently in the first
few months after the initial event, with a recurrence rate of about 7%
at 6 months. Death occurs in about 6% of DVT cases and 12% of PE
cases within 1 month of diagnosis [67].

There are multiple predisposing (risk) factors for VTE, both environ-
mental and genetic. VTE is considered to be ‘provoked’ in the presence
of a temporary or reversible risk factor (such as surgery, trauma, immobi-
lization, pregnancy, oral contraceptive use, or hormone replacement ther-
apy) within the last 6 weeks to 3 months before diagnosis, and
‘unprovoked’ in the absence thereof [68]. The presence of persistent - as
opposed to major, temporary - risk factors may affect the decision on
the duration of anticoagulation therapy after a first episode of VTE.

In fertile women, oral contraception is the most frequent predispos-
ing factor for VTE. When occurring during pregnancy, VTE is a major
cause of maternal death. The risk is highest in the third trimester of
pregnancy and over the 6 weeks of the postpartum period, being up
to 60 times higher 3 months after delivery compared with the risk in
non-pregnant women [69]. In vitro fertilization further increases the
risk of pregnancy-associated VTE [70]. In post-menopausal women

who receive hormone replacement therapy, the risk of VTE varies
widely depending on the formulation used [71]. However, although
women could have these specific risk factors, published data suggest
no consistent differences in the incidence of VTE between men and
women [72]. A slightly higher incidence rate among younger women,
and a modestly higher trend among older men was observed [73].
Among elderly patients, women were observed to have a slightly higher
relative risk of DVT and a lower risk of PE [74]. The presence of a malig-
nancy, chemoprevention (with cyclophosphamide, methotrexate, 5-
fluorouracil) or adjuvant therapy with selective estrogen receptor mod-
ulators (tamoxifen) in patients with a breast carcinoma, appear to in-
crease the risk of VTE in women, mainly if in the presence of other
risk factors (age, inherited hypercoagulable states or history of idio-
pathic VTE) [75]. In particular, selective estrogen receptor modulators
seem to confer the same risk of VTE as hormone replacement therapy
[75].

Oral anticoagulant treatment is highly effective at preventing recur-
rent venous thromboembolism, and the duration of treatment is decided
on the balance between the increased risk of recurrent VTE if treatment is
stopped and the raised risk of bleeding if treatment is continued. There-
fore, the identification of risk factors for recurrent VTE can help identify
patients who will benefit from long-term anticoagulation. The presence
of a temporary risk factor, such as recent surgery, is associated with a
lower risk of recurrence than unprovoked thrombosis or a continuing
risk factor. Proximal DVT or PE, more than one previous thrombotic epi-
sode, and the presence of malignancy or antiphospholipid antibodies in-
crease the risk of recurrence.

Some data suggested that men have a higher risk of recurrent VTE
than women after VKA anticoagulant treatment is stopped [76]. In a re-
cent meta-analysis of 6 studies totalling 26,872 patients (15,354 males
and 11,518 females) with acute VTE, the use of NOACs was associated
with a similar rate of VTE recurrence and VTE-related death compared
with VKAs, with a significant reduction of major bleeding [77]. Here
NOACs seem to have a similar efficacy in male and female patients
with acute VTE, with a nonsignificant heterogeneity between groups.
Male and female patients appeared to have a similar risk of VTE recur-
rence or VTE-related death either in patients treated with VKAs or
NOACs. The risk of major bleeding appeared lower in males, both
when treated with VKAs or NOACs, but these results should be
interpreted with caution since based on studies with a limited sample
size. In the evaluation of the extended treatment, the risk of VTE recur-
rence or VTE-related death was significantly higher in male patients
treated with placebo, whereas this risk appeared non-significantly dif-
ferent in male and female patients treated with NOACs. The risk of
major bleeding was significantly lower in males treated with placebo,
whereas this risk appeared similar in male and female patients treated
with NOACs [77]. However, some observational data have suggested
that direct oral factor Xa inhibitors might increase menstrual and vagi-
nal bleeding intensity in women of reproductive age [78].

6. Antithrombotic therapies in pregnancy

Pregnancy is a condition at higher risk of thrombotic events, due to a
prothrombotic condition, physiologically useful to prevent bleeding at
the time of delivery. These hemostatic changes mainly occur in the
third trimester, have been attributed to elevated estrogen levels, and in-
volve both platelet function and coagulation [79]. In particular, cardio-
vascular diseases occur in 0.4-4% of all pregnancies, and ACS is
reported in 0.6 to 1.0 cases per 10,000 deliveries, with a maternal mor-
tality comprised between 5 and 37% [80,81].

6.1. Antiplatelet therapies in pregnancy
During pregnancy, platelet count is slightly reduced, with conse-

quent benign gestational thrombocytopenia, due to higher platelet con-
sumption in the utero-placental circulation [82]; this accelerated



204 G. Renda et al. / International Journal of Cardiology 286 (2019) 198-207

platelet turnover and the attendant increased number of immature
platelets cause higher platelet aggregability. Pregnancy is also associ-
ated with changes in the platelet membrane, with a consequent in-
crease in the activity of calcium adenosine triphosphatase [83]. Finally,
a higher production of alpha granule-released proteins, such as beta-
thromboglobulin and platelet factor-4, has been documented in the cir-
culation of pregnant women, this indicating stronger platelet activation
[83].

Clinical data on antiplatelet agents in pregnancy are scarce, as preg-
nant women are usually excluded from randomized trials, and in this
specific setting the safety profile of drugs is a crucial concern. Regarding
the level of risk to the fetus, a risk classification for antiplatelet drugs has
been proposed [84], as indicated in Table 2.

Experimental data with aspirin use in the first trimester of preg-
nancy indicated a higher occurrence of birth defects, including fissure
of spine and skull, facial and eye defects, central nervous system
malformations and anomalies of visceral and skeletal development
|85,86]. However, these findings are not consistent with clinical data
on pregnant women treated with aspirin [87]. While the use of high-
dose aspirin has been related with a premature closure of the ductus
arteriosus and with fetal and maternal hemorrhages, reports have
clearly demonstrated the efficacy and safety of low-dose aspirin in preg-
nant ACS patients [81]. Although aspirin in the third trimester should be
avoided (as it may provoke a premature closure of the ductus), low-
dose aspirin was associated with a potential benefit in decreasing the
rates of pre-eclampsia and the incidence of pre-eclampsia-related pre-
term delivery [88]. Accordingly, low-dose aspirin may be used in
women at higher risk of early preeclampsia [89]. Importantly, no ad-
verse effect was observed with aspirin treatment during breast feeding
[81], but aspirin used at high doses may cause rashes, platelet abnormal-
ities, and bleeding in nursing infants. According to the risk to the fetus,
aspirin is classified in risk category C for low doses and in risk category
D for high doses [84,90] (Table 2).

Reproduction investigations on animal models at clopidogrel doses
of up to 300 and 500 mg/kg/day (65 and 78 times the recommended
daily human dose, respectively) found no fetal toxicity with clopidogrel.
However, as for other antiplatelet drugs, there is no extensive evidence
from clinical studies on clopidogrel in pregnant women [85]. Available
data mainly derive from isolated case reports [91], where clinical out-
come was generally favorable for both the mother and the fetus. Accord-
ing to the risk to the fetus, clopidogrel is classified in risk category B
[84,90] (Table 2). No extensive clinical data in pregnancy are available
for prasugrel or ticagrelor; thus, these drugs should be prescribed only
if the potential advantage to the mother overcomes the potential risk
to the fetus. In animal studies, no fetal malformation was described
using maternally toxic oral doses of prasugrel, equivalent to 40 times
the human exposure [85], while the use of ticagrelor was associated

Table 2
Classification of antiplatelet drugs regarding the level of risk to the fetus [84,90].

Category Definition

B Well-controlled studies failed to demonstrate a risk to the fetus in the
first trimester of pregnancy and there is no evidence of fetal risk in later
trimesters

C Animal reproduction studies failed to demonstrate a risk to the fetus
and there are no well-controlled studies in pregnant women

D Animal reproduction studies showed an adverse effect on the fetus and

there are no adequate studies in humans, but potential benefits may
warrant use of the drug in pregnant women despite potential fetal risks

E There is positive evidence of human fetal risk based on adverse reaction
data from investigational or marketing experience or studies in
humans, but potential benefits may warrant use of the drug in pregnant
women despite potential fetal risk

X Animals or humans studies demonstrated fetal abnormalities and/or
there is positive evidence of human fetal risk based on adverse reaction
data from investigational or marketing experience, and the risks involved
in use of the drug in pregnant women clearly outweigh potential benefits

with structural abnormalities of the fetus at maternal doses 5 to 7
times the maximum recommended human doses. According to the
risk to the fetus, prasugrel is classified in risk category B and ticagrelor
is classified in risk category C [84,90] (Table 2).

Animal studies found that all oral P,Y12 inhibitors are excreted with
the milk, but it is not established whether these agents are excreted in
the human milk.

Due to the potential for adverse reactions in nursing infants, P,Y12
inhibitors should be given during breast feeding only if the potential ad-
vantage to the mother overcomes the potential risk to the nursing in-
fant, or - alternatively - the drug can be continued in the mother
switching babies to bottle-feeding.

6.2. Anticoagulant therapies in pregnancy

A 25-56% incidence of miscarriage and a 5-30% incidence of congen-
ital abnormalities have been reported for any VKA when given during the
critical period of organogenesis [92]. In particular, warfarin, when used
between the 6th and the 12th week after conception, especially at a
dose exceeding 5 mg/day, has been associated with fetal neurologic se-
quelae, congenital heart disease, growth retardation and embryopathy,
as well as with a higher risk of fetal bleeding and spontaneous abortion
[92]. Of note, more frequent fetal abnormalities and spontaneous abortion
have been described also when warfarin was used at a dose <5 mg/day in
women with mechanical heart valves [93].

Unfractionated heparin (UFH) does not cross the placenta and there-
fore has no direct risk to the fetus [94]. However, heparin-induced
thrombocytopenia and osteopenia with UHF use have been described
also in pregnant women, although rarely. Of note, during pregnancy
the half-lives of UFH and low-molecular-weight heparins (LMWH) are
shorter, and plasma concentrations are lower, due to the physiological
increase in maternal blood volume and glomerular filtration [92].
Thus, higher UFH doses are often required and a strict monitoring of
the activated partial thromboplastin time (aPTT) (with >2 fold prolon-
gation) is needed.

Available evidence indicates that LMWHSs are safe drugs during
pregnancy. Potential advantages of LMWH versus UFH are less bleeding,
a more predictable and stable effect and reduced risk of heparin-
induced thrombocytopenia. Given the above-mentioned issue of lower
plasma concentrations during pregnancy, also LMWH often requires
higher doses, and a strict control of anti-Xa levels (target range
0.8-1.2 U/mL at 4-6 h after subcutaneous administration) is mandatory
[92]. For women requiring long-term anticoagulation with a VKA, such
as those with mechanical heart valves, international guidelines recom-
mend to monitor pregnancy tests in those attempting pregnancy.
They also recommend that, when pregnancy is achieved, the VKA be re-
placed with heparins (adjusted-dose UFH or LMWH) up to the 12th
week of gestation, and then resuming the VKA up to the 36th week,
when UFH or LMWHs are given again [95-97]. However, this recom-
mendation should not be generalized as it may differ for various types
of VKA; e.g. phenprocoumon is contraindicated during pregnancy. Of
note, if a LMWH is chosen as anticoagulant therapy from the 36th
week to delivery, it should be replaced with UFH 36 h before the
planned delivery. Furthermore, international guidelines also consider
the option to use adjusted-dose UFH or LMWH throughout the
pregnancy [96,97].

Areview of fondaparinux utilization among 65 pregnant women at a
higher risk of thrombosis indicated that this drug was well tolerated and
the occurrence of pregnancy complications was similar to that docu-
mented in the general population. Fondaparinux does not pass through
the human placenta in vitro, but a few placental transfers have been ob-
served in the rat model. Thus, the safety of fondaparinux for the human
fetus needs to be definitely clarified, and the use of this drug should be
limited to patients intolerant to heparins [98].

Regarding NOACs, toxic effects to the fetus have been described with
rivaroxaban, dabigatran and edoxaban, but not with apixaban in animal
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studies [99]. Pregnant women were excluded from phase Il randomized
trials evaluating NOACs versus warfarin in patients with AF or venous
thromboembolism. Thus, to date NOACs are not recommended in preg-
nancy and breast feeding. Ten women became pregnant during the
edoxaban randomized studies [99], one of whom had a spontaneous
abortion and the remaining completed the pregnancy without prob-
lems to the fetus. From the real world setting, only two cases of a preg-
nancy conceived while on rivaroxaban have been reported, both
uneventful for the mother and the baby [100,101] No similar reports
are available with dabigatran or apixaban.

7. Conclusions

Data from observational and intervention studies may suggest
gender-specific differences in thrombotic and hemorrhagic burden, as
well as gender-specific effects on clinical outcomes with antithrombotic
agents. Multiple factors involved in platelet function and coagulation
mechanisms in various vascular beds, partly related to the hormonal
status, might contribute to such gender differences. Particularly, in pri-
mary cardiovascular prevention the benefit of aspirin seems to be re-
lated to a significant decrease of major coronary events with aspirin in
men, but not in women. For secondary cardiovascular prevention, al-
though no significant gender-related difference in the efficacy of anti-
platelet agents has emerged, special attention should be paid to body
weight and dosing strategies when treating women. The lower benefit
of anticoagulant treatment with vitamin K antagonists on stroke pre-
vention in women with AF, relative to men, is not fully understood,
but suggests that women may be less well anticoagulated. Few evidence
points to the existence of gender difference in the response to NOACs,
but data are still unclear. In the evaluation of the extended treatment
of VTE, the risk of VTE recurrence or VTE-related death in the absence
of oral anticoagulation seems significantly higher in male than in female
patients, while it appeared non-significantly different in male and fe-
male patients treated with NOACs. Some indications are available
about the use of antithrombotic drugs in pregnancy, although clinical
data are scarce in this setting, as pregnant women are usually excluded
from randomized trials, and the safety profile of drugs is here a crucial
and largely unresolved concern.
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