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Summary 
Large randomised trials support the use of a variety of antithrombotic 
drugs for treatment of atherothrombotic disease processes leading to 
cardiovascular disease. The heterogeneous case-mix of patients en-
rolled in these trials, however, hamper the attempt to generalise their 
findings to subgroups which are not sufficiently represented in the 
study population, such as women and ethnic minorities. Sex- and race-
specific disparities in the clinical presentation, management, and out-
comes of coronary artery disease may relate to underlying differences 
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in thrombotic profiles and response to antithrombotic therapies. The 
present manuscript provides an overview of the currently available 
data on the epidemiology of coronary artery disease based on gender 
and race as well as the biological considerations for their differences in 
thrombosis and haemostasis and effects of antithrombotic therapy. 
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Introduction 

Atherothrombosis is the most important underlying mechanism 
of coronary artery disease (CAD), which is in turn the leading 
cause of morbidity and mortality worldwide (1). Based on evi-
dence deriving from large randomised studies, a variety of anti-
thrombotic drugs are currently used for treatment of cardiovascu-
lar disease (2). The heterogeneous case-mix of patients enrolled in 
these studies, however, is a potential limitation when trying to gen-
eralise their findings to subgroups which are not sufficiently repre-
sented in the study population. In addition, persistent inequalities 
have been outlined in cardiovascular health care and outcomes 
across different patient populations, with women and racial mi-
norities experiencing disproportionately higher mortality and 
morbidity rates (3, 4). 

Sex- and race-specific disparities in the presentation, manage-
ment, and outcome of CAD may relate to underlying differences in 
platelet function and response to antithrombotic regimens, which 
in turn translate into different clinical presentations and survival 
free from adverse events. Understanding specific differences be-
tween genders and races with regard to antithrombotic strategies 
could lead to the development of gender- and race-optimised ther-
apy for prevention and treatment of ischaemic coronary events. 
The present manuscript provides an overview of the current avail-
able evidence on the use of antithrombotic therapy based on 
gender and race. 

Epidemiology of CAD based on gender and 
race/ethnic considerations 
It is a common misconception that CAD affects mainly men. Men 
are more affected than women until the age of 39 (15.9% vs 7.8%, 
respectively), whereas an almost equal prevalence is observed be-
tween men and women in the range 40–59 years (37.9% and 
38.5%) and in the range 60–79 years (73.3% and 72.6%) (5). Con-
versely, more women than men have CAD by the age of 80 and 
more (5). Currently, while during the course of the last decade the 
advances in the diagnosis and treatment of acute coronary syn-
dromes (ACS) have resulted in a decrease of CAD mortality among 
men, the mortality rate among women has increased and higher 
rates of recurrent myocardial infarction (MI) and cardiovascular 
death are observed annually among women than men (6, 7). Part 
of this higher risk has been attributed to baseline differences. In 
particular, given that the onset of clinical manifestations of CAD 
occurs about 10 years later in women versus men, female subjects 
are often older and more likely to present with cardiovascular risk 
factors at the time of presentation (8). Notably, the CRUSADE 
(Can Rapid Risk Stratification of Unstable Angina Patients Sup-
press Adverse Outcomes with Early Implementation of the ACC/
AHA Guidelines) National Quality Improvement Initiative has 
documented that, despite their higher risk profile compared with 
men, women with ACS less often receive guideline-recommended 
antithrombotic therapies (8) (�Fig. 1). 

Racial classifications are socially constructed and arbitrary. The 
United States government requires federal statistical agencies to re-
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cognise four racial/ethnic groups in their reports (White, Hispanic 
or Latino, African American, Asian). According to the US Census 
Bureau, the United States total population in 2000 was 281.4 mil-
lion, of which 75.1% were White, 12.5% were Hispanic, 12.3% 
were African American, 3.6% were Asian and 2.4% were mixed (9). 
Several factors, including different combination of cardiac risk fac-
tors, lifestyle factors, access to health care and type of medical man-
agement may account for differences in the epidemiology of CAD 
among racial and ethnic groups (10, 11). The mortality from car-
diovascular disease in 2003 was 150.5x10–5 in the overall US popu-
lation, with lower rates observed in Hispanics (130.0 x10–5) and 
Asians (92.8 x10–5) (5). Conversely, the death rate was higher 
among African American (men 222.2x10–5, women 148.6x10–5) 
versus White subjects (men 194.4 x10–5, women 115.4 x10–5) (12). 
Importantly, several studies have documented lower compliance 
with guideline-recommended drug pharmacologic treatments, es-
pecially those newer or more expensive, among African Americans 
(13, 14). This may be the result of lower prescription rate, econ-
omic disparities and lack of physician attentiveness for racial and 
ethnic differences in cardiovascular outcome. Similarly, Hispanics 
seem to be treated less aggressively during hospitalisation when 
they present with ACS, although these differences do not seem to 
be associated with worse clinical outcomes (15). 

Thrombosis and haemostasis: Biological  
considerations and pharmacological issues 

There is a large gap in the literature investigating race-specific al-
terations of haemostasis and differences in platelet function pro-
files. It is well established that African Americans have increased 
levels of interleukin-6, fibrinogen, and C-reactive protein which in 
turn have been associated with a higher likelihood towards the de-
velopment of atherosclerotic processes and, therefore, may partly 
account for more clinical events in these patients (16–24). A large 

cross-sectional study recently reported that, compared to Whites, 
Blacks have higher levels of marker of platelet activation assessed 
by flow cytometry (25). In a study of thromboelastograph param-
eters, including measures of platelet-fibrin clot properties, Afri-
can-American race was associated with higher maximum platelet-
fibrin clot strength, a shorter time to platelet-fibrin clot formation 
and higher rates of ischaemic events following percutaneous cor-
onary intervention (PCI) (26). The reasons for these racial/ethnic 
differences are unknown, but a race-based genetic contribution to 
platelet receptor density or other cellular markers as well as plas-
matic parameters such as coagulation factors cannot be excluded. 
In the absence of certain data, whether ethnic differences exist with 
regard to platelet function and antiplatelet responsiveness remains 
speculative. 

On the one hand, it is well established that the propensity to 
thrombosis may vary between men and women according to bio-
logical factors. On the other hand, given what we know about 
mechanisms of action, there is limited biological plausibility for 
gender-related differences in the pharmacokinetics/pharmacody-
namics of antiplatelet drugs. Studies conducted in animal models 
and humans have revealed disparities between men and women re-
garding number of platelets, magnitude of platelet adherence to 
the vessel wall, platelet activation and platelet aggregation (27, 28). 
Gender-related differences in platelet aggregation, including 
higher platelet reactivity in response to aggregation stimuli in male 
rats and guinea pigs, have been described since 1975 (29). These 
observations have been somewhat challenged by following reports 
supporting higher platelet reactivity among women, as showed by 
stronger spontaneous and adenosine diphosphate- or collagen-in-
duced aggregation (30–31). Importantly, the nature of the agonist 
used to induce aggregation in the experimental setting and the 
assay used to detect the effect on platelet may be important on sex 
differences of platelet function (34–36). Adding to the inconsisten-
cies among studies, which are mostly attributable to different 
methodologies, mechanisms involved in gender-specific platelet 
reactivity profiles have not been completely elucidated. Differences 

Figure 1: Use of medical treatment by 
gender with odds ratios for use in women 
relative to men in the CRUSADE (Can Rapid 
Risk Stratification of Unstable Angina Pa-
tients Suppress Adverse Outcomes With 
Early Implementation of the American Col-
lege of Cardiology/American Heart Associ-
ation Guidelines) National Quality Im-
provement Initiative (8). 
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in baseline platelet aggregability among sexes seem independent of 
platelet count, platelet size and surface expression of αIIIbβ2 and 
glycoprotein Ib-IX-V (37, 38). Although the number of glycopro-
tein IIb/IIIa receptors is the same between healthy young men and 
premenopausal women, these receptors are more prone to be acti-
vated following a variety of stimuli in female subjects compared to 
age-matched men (33). Conversely, different patterns of platelet-
subendothelium interactions with enhanced effects in male sub-
jects have been described (39).  

A key reason for the observed gender difference in platelet reac-
tivity might be due to sex hormones. A putative protective role of 
estrogen has been postulated based on the observation that the risk 
for cardiovascular events in female subjects increase rapidly after 
menopause and in case of premature cessation of ovarian function 
(40, 41). Oestradiol has been shown to stimulate the production of 
prostacyclin, thereby shifting the haemostatic balance toward in-
hibition of platelet aggregation (42). At physiologic concentrations, 
oestrogen but not testosterone increases nitric oxyde synthesis and 
release from vascular endothelium, resulting in potent antiplatelet 
effects (43–45). On the other hand, platelets from men are more re-
sponsive to and tend to generate more thromboxane A2 (TXA2) 

than platelets from women, with a mechanism possibly mediated 
by testosterone (46–48). Overall, the balance of these data suggests 
that platelets from premenopausal women are less prothrombotic 
than platelets from men of similar age, possibly as a result of a hor-
mone-regulated greater production of nitric oxide in women and a 
greater production of prothrombotic TXA2 and TXA2 receptors in 
men. Despite these considerations, it is of note that postmenopau-
sal hormone replacement therapy does not seem to exert a cardio-
protective effect (49–51). In addition, the use of oral contraceptives 
has been clearly associated with an increased risk of thrombotic 
events, especially in women who smoke (52, 53). 

Other factors involved in coagulation and fibrinolysis appear to 
be influenced by sex hormones. Oestrogen has been associated 
with decreased levels of fibrinogen, antithrombin III, protein S and 
plasminogen activator inhibitor 1 (PAI-1) (54). There is a positive 
correlation between testosterone and coagulation factor VII, 
α2-antiplasmin and plasminogen levels (55, 56), whereas a 
negative correlation has been advocated with fibrinogen and PAI-1 
levels (56–58). These findings appear to suggest that testosterone 
has profibrinolytic effects. However, due to the complexity of the 
mechanisms involved in thrombus formation and degradation, a 
sex difference in one or more components may not lead to an ap-
parent difference in haemostasis. As a matter of fact, investigations 
focused on the overall functional measures of haemostasis do not 
support the idea of reduced coagulation or greater fibrinolysis in 
men compared with women (59, 60). Conversely, women have 
longer in vivo bleeding times than men and the haemostatic activ-
ity in male subjects has been found to be enhanced compared with 
females, as previously discussed (39, 59, 60). 

Pharmacokinetic, pharmacodynamics and physiology partly 
vary among sexes but their contribution to explain differences in 
haemostasis and coagulation seems minor. In women, aspirin is 
adsorbed more quickly, distributed in a larger apparent volume 
and hydrolysed more rapidly (61). While in female subjects a 

greater bioavailability may result in diminished clearance (62), this 
difference disappear in those assuming oral contraception (63).  

Sex, race and bleeding complications 

Major bleeding are a reason of concern in patients with ACS 
treated with antithrombotic drugs, as they have shown to be as-
sociated with a five-fold increased risk of death at 30 days and a 
1.5-fold increased risk of death between 30 days and six months 
(64–66). Vitamin K antagonists (VKA) are frequently prescribed 
for different indications including atrial fibrillation, stroke, pros-
tethic heart valve replacement, MI and venous thrombosis. The de-
terminants which mainly impact the risk of bleeding in patients 
treated with VKA are patient characteristics, intensity of the anti-
coagulant effects, length of therapy and interaction with drugs 
which interfere with haemostasis (67, 68). Among patient char-
acteristics, gender has not been associated with major bleeding, but 
female sex seems to be an independent risk factor for minor bleed-
ing in patients on oral anticoagulant therapy (69, 70). Conversely, 
the association of sex and heparin-induced bleeding has not been 
consistently reported (71).  

Important racial/ethnic differences are also deemed to affect the 
incidence of life-threatening major bleeding. It has been reported 
that non-Whites with atrial fibrillation on treatment with warfarin 
are at greater risk for warfarin-related intracranial haemorrhages 
(72). In White patients, these events account for 15–30% of all 
strokes, whereas the percentage is approximately two- to four-fold 
higher among Blacks, Hispanics and Asians (73–76). Death from 
haemorrhagic stroke is also more frequent among minorities (77). 
The use of abciximab in Japanese patients with ACS undergoing 
PCI resulted in no efficacy in reducing major coronary events and 
a significant increase in the rate of bleeding (78). Due to this rea-
son, GP IIb/IIIa inhibitors are currently not approved by the Min-
istry of Health, Labour and Welfare for use in Japan. 

Pharmacogenetic factors may partially explain race-related dif-
ferences in the risk of bleeding in patients receiving antithrom-
botic therapy (79, 80). Variants in the gene for vitamin K epoxide 
reductase complex 1, the target enzyme which usually catalyses the 
regeneration of vitamin K from vitamin K epoxide, may account 
for different response to VKA (81, 82). It has been reported that the 
frequency of the haplotypes predictive of overdosing is signifi-
cantly higher among Asian Americans (89%) and lower among Af-
rican Americans (10–14%) than in the European-American popu-
lation (37–42%) (83–85). This may also help to explain why, to 
achieve the same International Normalised Ratio (INR) range, 
Asians require lower warfarin doses, Caucasians require inter-
mediate doses, and Africans require higher doses (86, 87). 

The pharmacological effect of VKA largely depends on hepatic 
metabolism by the cytochrome P450 (CYP) 2C9 enzyme (88), 
whose polymorphisms may also contribute to inter-individual 
variability in VKA response. Thirty CYP2C9 alleles have been de-
scribed so far in a variety of ethnic populations (79). Bleeding risk 
appears to be related to overdosing in patients who are slow meta-

© Schattauer 2010 Thrombosis and Haemostasis 104.3/2010

473 Capodanno, Angiolillo: Race, gender and antithrombotic therapy 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234



bolisers of warfarin or acenocumarol with variants other than the 
reference sequence and wild-type allele CYP2C9*1 (�Table 1). 
The CYP2C9*2 and CYP2C9*3 variants are present at allele fre-
quencies of 12.7% and 7% in Caucasians, 0% and 1.8% in Asians 
and 3.4% and 1.5% in Africans (89–91). Patients with one or two of 
these alleles have reduced warfarin requirements due to a de-
creased clearance of VKA which has also been associated with a 
worse clinical outcome (92). Other less common polymorphisms 
have been identified in Japanese (CYP2C9*4) and African Ameri-
cans (CYP2C9*5) (79).  

Clopidogrel is a prodrug, and its pharmacologic effect depends 
on the efficiency of the hepatic CYP system in converting it into the 
active metabolite. Numerous CYP isoforms are involved in the 
double oxidation step that is required to generate the active meta-
bolite (80). Importantly, there are considerable racial disparities 
among the genetic polymorphisms that regulate the functional ac-
tivity of CYP isoforms (80). The CYP2C19 isoform is involved in 
both hepatic metabolic oxidation steps of clopidogrel’s conversion 
into its active metabolite. This may explain why pharmacogenetic 
studies have consistently shown that carriers of the loss-of-func-
tion variant allele on the CYP2C19 enzyme are affected by altered 
pharmacokinetic (reduced generation of clopidogrel’s active 
metabolite) and pharmacodynamic (reduced clopidogrel-induced 
platelet inhibitory effects) responses (93–96) and are associated 
with an increased risk of ischaemic events (97–102). Polymor-
phisms of the CYP2C19 enzyme have been reported in almost 30% 
of Whites, 40% of Blacks, and more than 55% of Asians (98). The 
greater prevalence of the CYP2C19*2 among Asians is consistent 
with the observation that Japanese patients are more prone to sub-
optimal response to clopidogrel than Caucasians (103). A recently 
reported genomic substudy of the CHARISMA (Clopidogrel for 
High Atherothrombotic Risk and Ischemic Stabilization, Manage-
ment and Avoidance) trial outlined that, among patients treated 
with clopidogrel, carriers of the homozigotic CYP2C19*2 geno-
type experience a lower risk of GUSTO (Global Utilization of 
Streptokinase and Tissue Plasminogen Activator for Occluded 

Coronary Arteries) bleeding events than those presenting with the 
wild type (presented at TCT meeting 2009, San Francisco, CA, 
USA). This finding outlines that a particularly efficient hepatic 
biotransformation of clopidogrel may expose to a higher risk of 
bleeding complications. Similar implications may be drawn by an-
other study assessing the impact of the CYP2C19*17 variant on 
platelet aggregation and bleeding risk in 1,524 clopidogrel-treated 
patients undergoing coronary stenting (104). The increased tran-
scriptional activity of the CYP2C19 enzyme deriving from the 
presence of this genetic variant results in enhanced response to 
clopidogrel treatment (105). Of note, lower ADP-induced aggre-

gation compared to wild-type homozygous carriers is observed for 
both heterozygote and homozygote *17 carriers in a gene-dose 
fashion, and carriage of the *17 allele is associated with an in-
creased risk of TIMI bleeding (104).  

Antithrombotic therapy across sexes and 
races: General considerations 

Women are often less represented in cardiovascular clinical trials, 
as a result of underestimation of cardiac risk and misconception of 
symptoms of CAD, which result in less referral for cardiac testing, 
appropriate treatment and coronary catheterisation during ACS 
(8, 106, 107). In addition, women present with CAD later than 
men, and elderly are more likely to be excluded from randomised 
studies (108, 109). In 1993, the National Institutes of Health (NIH) 
Revitalization Act established guidelines to reinforce the existing 
policies for inclusion of women and minorities in clinical research 
(110). Differently from federally-funded clinical trials, the major-
ity of drug trials are sponsored by pharmaceutical companies and 
do not have a federal mandate for inclusion of women and minor-
ities. As a result, these trials are frequently found to have an inad-
equate prevalence of women, which reflects fears related to drug 
administration in women of childbearing potential. Even when 
women are included, sex specific analyses were rarely performed in 
the pivotal safety trials of antithrombotic drugs. More recent regu-
lations put emphasis on protocol design and, because of large 
single-sex studies such as the Women’s Health Study (111) and the 
Women’s Health Initiative (112), more women than men were en-
rolled in NIH-sponsored phase 3 trials since the NIH Revital-
ization Act. This important result, however, did not change the 
general trend towards a substantial under-representation of 
women in gender-mixed clinical trials. Despite a growing literature 
slowly accumulating which examines gender-based differences in 
the presentation, treatment and clinical outcomes of CAD, trans-
lation of research evidence into clinical practice is puzzled by sev-
eral unsolved issues.  

Similar considerations may be drawn for racial groups, as pre-
viously described. Data on ethnic minorities are even sparser, as 
subgroup analyses of large trials rarely disclose outcome stratified 
by race. It has been suggested that racial and ethnic minorities are 
less willing than non-minority individuals to participate in health 
research, but data on this matter are not in agreement (113–115). 
Efforts to address the under-representation of minority groups in 
health research should focus on ensuring equal access to health re-
search, more than changing attitudes. 
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Designation Prevalence in 
Asians (%) 

Prevalence in 
Whites (%) 

Prevalence in 
Blacks (%) 

Effect on  
warfarin dose 

CYP2C9*1 98.2 80.8 94.2 Referent 

CYP2C9*2 0 12.7 3.4 –14% to –20% 

CYP2C9*3 1.8 7.0 1.5 –21% to –49%

Table 1: Cytochrome P450 2C9 single nu-
cleotide polymorphisms that are known to 
affect warfarin metabolism (modified from 
Gage BF et al. J Thromb Thrombolysis 2008; 25: 
45–51).
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Although better than lack of information, subgroup analyses 
are far from representing the optimal level of ideal evidence to sup-
port changes in guidelines. In the absence of large-scale assessment 
of gender and race disparity at the time of their writing, recom-
mendations of clinical guidelines are typically “gender and race-
neutral”. 

Antithrombotic therapy 

The following section provides an overview on the current know-
ledge on the impact of race and gender on antithrombotic phar-
macology. In particular, antiplatelet, anticoagulant, and fibrino-
lytic agents will be discussed.  

Antiplatelet therapy  

Aspirin 

Aspirin use has been shown to reduce the risk of thrombotic events 
across the entire spectrum of CAD (116–118). The antiplatelet ef-
fects of aspirin are mainly related to the ability of selectively and ir-
reversibly acetylating cyclooxygenase-1 (COX-1), thereby block-
ing the formation of TXA2 synthesis in platelets (116). The magni-
tude of this effect is similar in both sexes when COX-1 direct path-
ways are considered, but pathways that are indirectly related to 
COX-1, such as those stimulated by collagen, ADP and epineph-
rine, are less inhibited in female subjects (119). These differences 
persist after adjustment for several potential confounders, includ-
ing race, and results in higher platelet reactivity in aspirin-treated 
women with CAD, as demonstrated by several ex vivo assays 
(120–122). Female gender has shown to be a determinant of 
11-dehydro thromboxane B2 concentration, a marker of aspirin 
resistance and thereby of subsequent higher risk of cardiovascular 
events, in a substudy of the CHARISMA and in the HOPE (Heart 
Outcomes Prevention Evaluation) trial, reflecting the enhanced in 
vivo platelet activation observed among women (123, 124). 

A meta-analysis of six randomised trials enrolling a total of 
95,456 patients (51,342 women) demonstrated that primary pre-
vention with aspirin therapy is associated with a significant reduc-
tion in the risk of cardiovascular events independently from sex 
(125). In particular, aspirin therapy was associated with statis-
tically significant 12% and 14% reductions in the odds of cardio-
vascular events in women and men, respectively. However, the spe-
cific type of benefit varied among sexes and was primarily driven 
by a reduction of MI in men (odds ratio [OR] 0.68, 95% con-
fidence interval [CI] 0.54–0.86, p = 0.001) and ischaemic stroke in 
women (OR 0.76, 95% CI 1.35–2.20, p < 0.001). Importantly, as-
pirin significantly increased the risk of bleeding in both sexes to a 
similar degree (125). The same six randomised trials were object of 
a second meta-analysis which had access to individual participant 
data, thus enabling to more accurately estimate the magnitude of 
several risk factors, including gender, in affecting selected out-

comes. In addition, the authors reported aggregate data from 16 
randomised trials of aspirin use in the secondary prevention set-
ting, with stratification by sex (126). The study results showed that 
gender does not significantly affect the proportional reduction in 
serious vascular events either in the primary and secondary pre-
vention trials, suggesting that if the relative risk reduction among 
men and women is similar, then the absolute risk reduction mainly 
depends on the individual’s absolute risk without treatment. It has 
been suggested that gender mix can account for ∼25% of the vari-
ation in the reported efficacy of aspirin in reducing the rates of car-
diovascular events across placebo-controlled trials (127). For 
example, trials that primarily contained male subjects demon-
strated larger benefits of aspirin in reducing non-fatal MI rates 
than those containing mostly female subjects (127). 

In a study of 325 aspirin-treated patients with CAD, there were 
no differences in aspirin sensitivity by race (128). These results are 
consistent with those observed within a small cohort of patients 
with diabetes mellitus (129). On the other hand, differential 
 aspirin use may contribute to geographic disparities in cardiovas-
cular outcomes of aspirin-treated patients. In fact, important 
racial differences still exist in the use of aspirin, with African 
Americans and Hispanics less likely to take aspirin than Whites 
(130, 131). 

Adenosine diphosphate P2Y12 receptor antagonists 

Thienopyridines are irreversible inhibitors of the platelet adeno-
sine diphosphate (ADP) P2Y12 receptor, thereby blocking a key sig-
naling pathway of platelet activation. Due to its more favorable 
safety profile, clopidogrel, a second generation thienopyridine, has 
largely replaced the first generation thienopyridine tyclopidine in 
clinical practice (132).  

The plasmatic levels of clopidogrel’s active metabolite do not 
differ in men and women (133). However, some variability has 
been described in terms of clopidogrel-induced inhibition of pla-
telet aggregation (134–136). Few studies have specifically focused 
responses of men and women to clopidogrel, but the available evi-
dence support the concept that clopidogrel is similarly beneficial, 
although the magnitude of the benefit may vary. In the CURE 
(Clopidogrel in Unstable Angina to Prevent Recurrent Ischemic 
Events) trial, which included patients presenting with non-ST 
elevation myocardial infarction (NSTEMI), a smaller absolute 
(1.2% vs. 2.8%) and relative (12% vs. 25%) risk reduction in the 
composite end point of cardiovascular death, non-fatal MI or 
stroke at one year was seen in women than men with clopidogrel 
plus aspirin compared to aspirin alone at one year (137). Similar 
findings were observed in the subgroup of patients undergoing 
PCI (138). The CREDO (Clopidogrel for the Reduction of Events 
During Observation) trial enrolled patients undergoing elective 
PCI, showing a 26.9% relative risk reduction in favour of clopido-
grel for the composite of death, MI and stroke at one year in the 
overall population. Differently from the CURE trial, in the 
CREDO trial a greater risk reduction was seen among women for 
the combined risk of death, MI or stroke at one year (32% vs. 25%) 
(139). In the CLARITY-TIMI 28 (Clopidogrel as Adjunctive Rep-

© Schattauer 2010 Thrombosis and Haemostasis 104.3/2010

475 Capodanno, Angiolillo: Race, gender and antithrombotic therapy 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234



erfusion Therapy – Thrombolysis in Myocardial Infarction 28), 
patients undergoing fibrinolytic therapy within 12 hours after the 
onset of STEMI symptoms were randomised to dual antiplatelet 
therapy with aspirin plus clopidogrel versus clopidogrel alone. A 
36% reduction in the risk of the composite ischaemic endpoint 
was observed with clopidogrel in the overall population, with simi-
lar reduction for men and women (35% vs. 38%, respectively), des-
pite a higher event rate in women in both treatment arms (140). 
The odds of the composite end point of cardiovascular death, re-
current MI or stroke at 30 days in the subgroup of patients under-
going PCI three days after starting the assigned study medication 
was 59% in women and 41% in men. Similar reductions in the pri-
mary ischaemic endpoint at 28 days with no heterogeneity in effect 
related to sex, despite higher event rate observed in women, were 
also observed in the COMMIT (ClOpidogrel and Metoprolol in 
Myocardial Infarction Trial) trial, which compared the effect of 
clopidogrel plus aspirin versus aspirin alone in Chinese patients 
with suspected MI (141). The previously mentioned CHARISMA 
trial failed to demonstrate any clinical benefit associated to the 
combination of a low-dose aspirin and clopidogrel in asympto-
matic patients with at least three atherothrombotic risk factors 
and, once again, no statistically significant differences between 
men and women were reported (142).  

A meta-analysis of the above five mentioned randomised trials 
(CURE, CREDO, CLARITY-TIMI 28, COMMIT, CHARISMA) re-
cently focused on sex-related differences between men and women 
on dual antiplatelet therapy with aspirin versus clopidogrel versus 
aspirin alone (143). The study showed that while in men there was 
a significant 16% relative reduction in the odds of any major car-
diovascular events with clopidogrel versus placebo (7.8% vs. 9.0%, 
OR 0.84; 95% CI 0.78–0.91), the relative reduction among women 
was 7% but non-significant (11.0% vs. 11.8% OR 0.93; 95% CI 
0.86–1.01). However, there was only a trend towards statistical het-
erogeneity based on gender (p = 0.092) and the authors observed 
that much of the difference between men and women could be ex-
plained by chance. In addition, no evidence of statistical heteroge-
neity between women and men was observed with regards to mor-
tality, MI, stroke and major bleeding. While among men the bene-
fit of clopidogrel were separately significant on MI, stroke and all-
cause mortality, the main driver of clinical benefit among women 
was a reduction in the event rate of MI. 

Differently from the other trials on clopidogrel, the CHARIS-
MA study disclosed data on ethnic-specific differences on cardio-
vascular outcomes (144). Ethnicity was not shown to be an inde-
pendent predictor of the primary composite endpoint of cardio-
vascular death, MI, or stroke. However, ethnicity was a significant 
predictor of cardiovascular and all-cause mortality (African 
American and Hispanics), and moderate bleeding complications 
(African American and Asians) (144). It has been demonstrated 
that the effectiveness of clopidogrel in Asians may not be as strong 
as for White individuals at the same dose (103, 144, 145). As men-
tioned above, inter-ethnic variability in the rate of single nucleo-
tide polymorphisms that diminish the activity of CYP2C19, the 
hepatic enzyme mainly involved in the conversion of clopidogrel 
to its active metabolite, may contribute to explain these differences 

(93, 94, 96, 146). A different prevalence of the loss-of-function 
variant allele on the CYP2C19 enzyme across races may contribute 
to explain the increased risk of ischaemic events observed in se-
lected populations (98–103).  

Prasugrel is a third generation oral thienopyridine which, due 
to a more favourable metabolic conversion, produces higher con-
centrations of its active metabolite compared to clopidogrel and 
therefore more potent platelet P2Y12 inhibitory effects (147). In the 
TRITON-TIMI 38 (Trial to assess improvement in therapeutic 
outcomes by optimizing platelet inhibition with prasu-
grel–Thrombolysis In Myocardial Infarction 38), prasugrel was as-
sociated with a significant 19% reduction in ischaemic events 
compared to clopidogrel in moderate to high-risk ACS patients 
undergoing PCI (148). The net clinical benefit (defined as death 
from any cause, non-fatal MI, non-fatal stroke, and TIMI major 
haemorrhages) was in favour of prasugrel in the overall popu-
lation, despite an increased risk of bleeding compared with clopi-
dogrel. There were no significant interactions between treatment 
and sex, despite higher absolute (2.4% vs. 1.6%) and relative (21% 
vs. 12%) reduction of the primary ischaemic endpoint with prasu-
grel among men compared to women. With regards to race/ethnic 
differences in the antiplatelet response to prasugrel, data are li-
mited on pharmacodynamics and support that prasugrel’s mean 
active metabolite exposure following a 60 mg loading dose or dur-
ing daily 10 mg or 5 mg maintenance dose is higher among Asians 
than in Caucasians (149). On the other hand, a genetic subanalysis 
of the TRITON-TIMI 38 showed that functional CYP genetic vari-
ants did not affect active metabolite levels, platelet inhibition and 
cardiovascular outcomes of 1,466 patients allocated to treatment 
with prasugrel, supporting the knowledge of less pharmacological 
variability compared with clopidogrel (150). 

The phase III results of the PLATO (Platelet Inhibition and Pa-
tient Outcomes) trial recently showed that ticagrelor, the first 
member of a new class of reversible P2Y12 receptor antagonists 
called CPTP (CycloPentylTriazoloPyrimidine) is associated with a 
16% reduction in the composite ischaemic endpoint compared to 
clopidogrel in patients with ST-elevation ACS intended for pri-
mary PCI or with non-ST-elevation ACS intended for an invasive 
or medical approach (151). In the overall population, no differ-
ences were noted in terms of bleedings according to different defi-
nitions among ticagrelor and clopidogrel groups. However, ti-
cagrelor was associated with higher rates of major bleeding not re-
lated to coronary-artery bypass grafting, including more cases of 
fatal intracranial bleeding. Compared with men, women showed 
similar absolute (2.0% vs. 1.9%) and relative reduction (17.0 vs. 
15.0%) of the primary endpoint with the use of ticagrelor com-
pared to clopidogrel. Similar effects were also seen in term of major 
bleeding among different sexes. A predefined subgroup analysis of 
patients enrolled in the PLATO trial outlined a borderline signifi-
cant interaction with enrolment geographic area (p = 0.05), driven 
by a trend toward more efficacy of clopidogrel rather than ticagre-
lor among patients recruited in North America. However, it is un-
likely that race had an impact on this outcome. Conversely, ticagre-
lor was almost equally more effective than clopidogrel among pa-
tients recruited in Asia/Australia, Central/South America and Eu-
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rope/Middle East/Africa. No differences were observed in terms of 
major bleeding across geographical areas of recruitment. 

Intravenous gycoprotein IIb/IIIa inhibitors 

Glycoprotein (GP) IIb/IIIa receptor antagonists (abciximab, tirofi-
ban and eptifibatide) block the final common pathway leading to 
platelet aggregation by inhibiting the binding of fibrinogen to the 
GP IIb/IIIa receptor on the surface of activated platelets.  

Sex differences in platelet response to GP IIb/IIIa antagonists 
have not been observed in vitro (152, 153). A pooled analysis of 
data from the three large randomised trials of patients undergoing 
PCI with adjunctive use of abciximab, demonstrated no gender 
difference in terms of major adverse outcomes between women 
and men at 30 days, six months and one year (154). However, 
women had a higher rate of major and minor bleeding. Similar ob-
servations were made with eptifibatide in the ESPRIT (Enhanced 
suppression of the platelet GP IIb/IIIa receptor with Integrilin 
therapy) trial, which showed no statistical interaction between sex 
and treatment in terms of death, MI or urgent target vessel rev-
ascularisation either at 48 hours or one year (155). In a meta-analy-
sis of six randomised trials investigating the efficacy and safety of 
GP IIb/IIIa inhibitors in patients with ACS not routinely scheduled 
for early coronary revascularisation, GP IIb/IIIa inhibitors were 
found to reduce the occurrence of death or MI, especially in pa-
tients at high risk of thrombotic complications (156). In this study, 
however, there was a highly significant interaction with respect to 
cardiac events between sex and the use of GP IIb/IIIa inhibitors. 
While men showed a 19% reduction in the odds of 30-day death or 
MI compared with placebo or control, women showed a signifi-
cant 15% increased risk. Importantly, this interaction remained 
significant after adjustment for baseline clinical characteristics, in-
cluding age and co-morbidities. A potential explanation, however, 
was represented by the higher percentage of men with positive 
baseline troponins than women (49% vs. 37%). In fact, while a re-
duction in the 30-day rate of death or MI by GP IIb/IIIa inhibitors 
was observed in men and women with positive baseline troponins, 
this effect was not beneficial in both sexes in patients with negative 
troponins. In this study, no interactions were observed in terms of 
race. Overall, data on race specific differences with GP IIb/IIIa in-
hibitors are limited. The contribution of genetic factors specifically 
affecting the target of GP IIb/IIIa inhibitors has been extensively 
investigated, but results are controversial (80). Race-related varia-
bility in GP IIb/IIIa receptor density or function, as mentioned ear-
lier, have been suggested to justify the enhanced or diminished re-
sponse to GP IIb/IIIa inhibitors observed among different popu-
lations. This may explain the higher rates of bleeding compli-
cations associated with the use of GP IIb/IIIa inhibitors in Japanese 
(78), although this remains to be demonstrated.  

Anticoagulant therapy 

Indirect thrombin inhibitors 

Unfractionated (UFH) and low-molecular-weight (LMWH) he-
parins bind to antithrombin III and enhance inactivation of factor 
Xa and, to a less extent, thrombin. LMWH do not usually require 
laboratory monitoring of activity and have the advantage of a 
more predictable dose-response. Due to a higher anti-factor Xa:IIa 
ratio and prolonged duration of anti-factor Xa activity, LMWH 
also show a kinetic advantage over UFH, as they inhibit the early 
steps of coagulation cascade and thrombin generation.  

In addition to body weight, age, smoking history and diabetes 
mellitus, sex is considered one of the clinical factors that affect the 
response to UFH (157, 158). In particular, women are more likely 
to achieve higher activated partial thromboplastin time (aPTT) in 
response to the anticoagulant effect of heparin (159). Conversely, a 
post-hoc analysis of the TIMI 11A (Thrombolysis in Myocardial 
Infarction 11A) study, a multicenter dose-ranging trial to evaluate 
the safety of enoxaparin in patients with ACS, showed that the 
pharmacokinetic and pharmacodynamic profiles after enoxaparin 
administration are consistent between sexes (160, 161). The only 
placebo controlled trial of LMWH use reporting data stratified by 
sex was the FRISC (Fragmin and Fast Revascularization during In-
Stability in Coronary artery disease) (162). In this study, dalteparin 
was associated with a 63% risk reduction in the composite of death 
and MI during the first six days compared to placebo in patients 
with ACS. Compared with men, women showed larger absolute 
(4.5% vs. 2.2%) and relative reduction (13.1% vs. 28.9%) of the 
primary endpoint. However, minor bleedings associated with the 
use of dalteparin were more frequent in women compared with 
men either with the weight adjusted and the fixed dose treatment, 
and multiple regression analysis confirmed a significant inter-
action between sex and the anti-Xa activity determined in samples 
obtained during the acute and the standard dosing phase of treat-
ment (163).  

Few trials which directly compared LMWH with UFH disclosed 
data based on sex. A pooled data meta-analysis of two large trials 
showing that enoxaparin is more effective than UFH in reducing 
the risk of death and severe cardiac events in patients with ACS 
showed that these results are applicable to a vast array of subgroups 
(164). However, while a significant relative risk reduction was seen 
independently from sex with regards to the composite triple end-
point of death, MI or recurrent angina prompting urgent revascu-
larisation, a significant benefit of enoxaparin over UFH with re-
gards to the double composite endpoint of death or MI was signifi-
cantly observed in women, but not in man (164). In the SYNERGY 
(Superior Yield of the New Strategy of Enoxaparin, Revasculariz-
ation and Glycoprotein IIb/IIIa Inhibitors) study, enoxaparin was 
not superior but also non-inferior to UFH with a modest increase 
in the risk of major bleeding (165). This lack of differences was ob-
served across multiple subgroups, including those stratified by sex 
and study site (165). The ExTRACT-TIMI 25 (Enoxaparin and 
Thrombolysis Reperfusion for Acute Myocardial Infarction Treat-
ment–Thrombolysis in Myocardial Infarction) study randomised 
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STEMI patients with planned fibrinolysis to a regimen of enoxapa-
rin or UFH as adjunctive antithrombin therapy. Women, who were 
older and more likely to have hypertension and diabetes compared 
to men, derived a similar relative benefit (16% vs. 19%) and a 
greater absolute benefit (2.9% vs. 1.9%) than men when treated 
with enoxaparin, despite increased rates of short term mortality 
(166).  

There is a paucity of data on heparin use based on ethnicity. In 
a study of 1,287 patients undergoing PCI, the recommended 
weight-adjusted heparin-dosing regimen derived from the West-
ern population seemed equally applicable to the Asian patients 
(167). 

Direct thrombin inhibitors 

Direct thrombin inhibitors (hirudin, bivalirudin, melagatran, ar-
gatroban, dabigatran, lepirudin and desirudin) block directly the 
interaction of thrombin with its substrates. Features of this class of 
antithrombotic drugs include their ability to reduce the thrombin-
mediated activation of platelets, thus exerting some degree of anti-
platelet effects. Bivalirudin is currently recommended in class Ib in 
the guidelines for the management of non ST elevation ACS and 
for primary PCI in patients with STEMI, whether or not the pa-
tient received pretreatment with heparin (168, 169). These recom-
mendations are based on data from randomised trials and regis-
tries, which emphasise the safety and efficacy of bivalirudin across 
the broad spectrum of CAD.  

The use of bivalirudin seems to provide similar benefits inde-
pendently from sex, while the higher risk of bleeding observed 
among women may partly reflect the impact of their worse base-
line co-morbidities. In the REPLACE-2 (Randomized Evaluation 
in PCI Linking Angiomax to Reduced Clinical Events-2) trial, 
treatment with bivalirudin plus provisional GP IIb/IIIa inhibitors 
resulted in similar ischaemic outcomes at 30 days, similar mortal-
ity at one year, and a significant decrease of bleeding complications 
compared with heparin plus GP IIb/IIIa inhibitors in patients with 
stable or unstable angina undergoing PCI, with no differences 
based on sex (170, 171). In a post-hoc multivariate analysis, female 
gender was shown to be significantly associated with a 1.5-fold in-
creased risk of major bleeding (172). In the ACUITY (Acute Cathe-
terization and Urgent Intervention Triage strategY) trial, bivaliru-
din plus provisional GP IIb/IIIa inhibitors resulted in similar is-
chaemic event rates at 30 days, less bleedings, and superior net 
clinical outcomes compared with heparin plus GP IIb/IIIa in-
hibitors in patients with ACS undergoing an early invasive strategy. 
Subgroup analysis revealed no significant interactions in terms of 

net clinical outcomes, composite ischaemia and major bleeding 
between the use of bivalirudin and numerous variables, including 
gender (173, 174). On the other hand, female gender was found to 
be independently associated with an almost two-fold increased 
risk of major bleeding (175). These observations were further cor-
roborated by a study specifically focused on sex-related difference 
among patients enrolled in the ACUITY trial (176). This study 
showed that, despite differences in risk factors, women with ACS 
do not experience an increased risk of one- and 12-month is-

chaemic complications or mortality compared with men but, due 
to a higher risk of bleeding, they have higher rates of net clinical ad-
verse events. However, in women with ACS, treatment with bival-
irudin monotherapy is associated with similar short- and long-
term protection from ischaemic events and significantly less bleed-
ing compared with a regimen of UFH plus GP IIb/IIIa inhibitors, 
irrespective of the treatment strategy selected. In the HORIZONS-
AMI (Harmonizing Outcomes with Revascularization and Stents 
in Acute Myocardial Infarction) trial, bivalirudin monotherapy 
significantly reduced net adverse cardiac events, cardiac death and 
major bleedings at 30 days and one year compared with heparin 
plus a GP IIb/IIIa inhibitor in patients with acute MI (177, 178). 
The early efficacy of bivalirudin in reducing net adverse cardiac 
events and major bleeding was observed independently from 
gender (179).  

In a large European registry of 3,799 patients undergoing PCI, 
in-hospital bleeding with the use of bivalirudin occurred in 1.7% 
of patients and female gender was significantly associated with an 
increase in bleeding events (180). Similarly, women showed a trend 
towards higher risk of bleeding events at 30 days in the APPROVE 
(The Angiomax Peripheral Procedure Registry of Vascular Events 
Trial) Registry, a multi-center trial that assessed the feasibility of 
bivalirudin in renal, iliac and femoral interventions (181). A 
further small study on patients undergoing PCI found a significant 
univariate association between female gender and a composite of 
early ischaemic events and bleeding events with bivalirudin (182). 
However, the multivariate analysis failed to demonstrate a signifi-
cant interaction between female sex and major bleeding.  

The RE-LY (Randomized Evaluation of Long-Term Anticoagu-
lation Therapy) investigators reported the results of a randomised 
comparison between two fixed doses of dabigatran, an oral direct 
competitive thrombin inhibitor which is administered twice daily 
and does not require regular monitoring (183), versus warfarin in 
reducing the risk of stroke or systemic embolism in 18,113 patients 
with atrial fibrillation. Both dabigatran doses (110 mg twice daily 
and 150 mg twice daily) were not inferior to warfarin with respect 
to the primary endpoint and no interaction was observed with sex 
(184).  

Argatroban has shown to significantly improve outcomes in pa-
tients with heparin-induced thrombocytopenia, an immune-me-
diate disease caused by heparin-platelet factor 4 antibodies (185, 
186). Even if the clearance of argatroban is greater in women than 
men, there are no differences in the anticoagulant response de-
pending on sex (187, 188). It has been reported that despite the use 
of argatroban anticoagulation, African Americans and Hispanics 
may have worse outcomes in case of heparin-induced thrombocy-
topenia (189). The reason for this difference is unknown. 

Factor Xa inhibitors 

Fondaparinux, a selective inhibitor of the coagulation factor Xa, 
binds antithrombin III leading to a conformational change which 
results in increased affinity for factor Xa and potentiates its natural 
inhibitory effect (190). Advantages of fondaparinux are repre-
sented by a long half-life and a predictable and sustained anti-
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coagulation which requires only a single daily subcutaneous ad-
ministration. 

In the OASIS-5 (Fifth Organization to Assess Strategies in Acute 
Ischemic Syndromes) trial, fondaparinux and enoxaparin showed 
similar efficacy in reducing the risk of ischaemic events at nine days 
in patients with ACS, but fondaparinux was associated with dimin-
ished rates of major bleeding and long-term mortality and mor-
bidity (191). The reduction in the composite endpoint of death, 

MI, refractory ischaemia or major bleeding with fondaparinux as 
compared with enoxaparin was observed in both sexes. However, 
compared with men, women showed a higher absolute reduction 
of major bleeding (3.0% vs. 1.3%) with the use of fondaparinux, 
resulting in a trend for statistical interaction (p for interaction = 
0.07) (191). In the OASIS-6 (Sixth Organization to Assess Strat-
egies in Acute Ischemic Syndromes) trial, fondaparinux reduced 
the primary endpoint – a composite of death or reinfarction at 30 
days – compared to usual care (placebo in those in whom UFH was 
not indicated or UFH for up to 48 hours followed by placebo for up 
to eight days) in patients with STEMI (192). Similar trends for a re-
duction by fondaparinux treatment in the primary endpoint were 
found in women and men in the overall population and in a pre-
specified subgroup of patients not receiving reperfusion treatment 
(192, 193). 

Vitamin K antagonists (VKA) 

The oral anticoagulants are a class of drugs that antagonise the ef-
fects of vitamin K and therefore impair γ-carboxylation of the co-
agulation factors II, VII, IX, and X in the liver, resulting in reduced 
coagulant activity.  

Warfarin is at least equally effective in reducing the risk of 
thromboembolism in both sexes, but some studies highlighted a 
potential higher benefit in women (194, 195). There is growing evi-
dence that the major bleeding risk associated with warfarin use is 
similar between men and women (194, 196, 197). However, gender 
may influence the required dose to maintain a therapeutic INR 
(198). Sex and race-specific bleeding issues with the use of VKA 
have been previously discussed in this manuscript. 

Fibrinolytic therapy 

A review of the larger placebo-controlled trials of fibrinolytic ther-
apy showed that the relative benefit of fibrinolytic treatment 
among patients presenting with ST elevation or bundle-branch 
block is irrespective of sex (199). It is well established that women 
enrolled in clinical trials of fibrinolytic therapy are generally older 
and more frequently have co-morbidities, conditions which may 
partly explain the observed higher rates of mortality compared to 
men (199–206). After adjustment for worse baseline character-
istics, however, data are contradictory regarding the risk of mor-
bidity and mortality compared to men in the setting of thromboly-
sis (207–210). In the International Tissue Plasminogen Activator/
Streptokinase Mortality Study, women showed similar adjusted 

risk of morbidity and mortality compared to men but suffered 
from a higher incidence of haemorrhagic stroke (207). Other 
studies reported that women who receive thrombolytic therapy for 
treatment of acute MI are at greater risk for both fatal and non-
fatal complications than men (208, 209). Female gender has been 
independently associated with higher rates of bleeding complicat-
ing fibrinolysis for acute MI (211, 212). The GUSTO V trial en-
rolled a large contemporary cohort of women and men with 
STEMI undergoing fibrinolytic therapy (213). Patients were ran-
domised to reteplase alone versus half-dose of reteplase plus ab-
ciximab. This second strategy resulted in a 0.3% absolute and 5% 
relative reduction in the rate of 30-day mortality, fulfilling the 
criteria for non-inferiority. A post-hoc analysis of the GUSTO V 
study corroborated the understanding that female sex is indepen-
dently associated with death and bleeding complications among fi-
brinolysis-treated patients with MI (214). 

Lower rates of thrombolysis have been reported in Black pa-
tients compared with White patients with acute MI (215–218). The 
reason for this disparity is unknown but has been associated with a 
longer delay to presentation and institution of thrombolysis (219). 
In the TIMI II trial, changes in haemostatic factors five hours after 
infusion of recombinant tissue plasminogen activator showed a 
significant decrease of fibrinogen levels in Black patients com-
pared with those observed in Hispanic or White patients (220). 
These findings, however, did not translate into different infarct-re-
lated artery patency, haemorrhagic complications or mortality. 

Conclusions 

While mortality rates for CAD in men have decreased over the past 
two decades, clinical outcomes seem to improve more slowly 
among women and minorities. Understanding the reason for these 
differences with regard to platelet function profiles and response to 
antithrombotic medications could lead to the development of 
gender- and race-optimised therapy for prevention and treatment 
of ischaemic coronary events. However, although the literature fo-
cusing on disparities among sexes and races is slightly growing, 
data are still sparse and sometimes contradictory. There are evi-
dences supporting a role of sex hormones in altering the haemos-
tatic balance and platelet function, thereby translating into sex-
specific differences in the likelihood of thrombosis and response to 
antiplatelet therapy. Part of these disparities is likely to reflect a dif-
ferent presentation of CAD between women and men. Numerous 
factors lead to the challenge of defining optimal antithrombotic 
drug regimens across different races. Adding to the substantial 
under-representation of minorities into clinical trials other issues, 
including lower prescription rate of antithrombotic medications 
due to economic disparities and lack of physician consideration for 
racial and ethnic differences in cardiovascular outcome, make data 
interpretation particularly troublesome. Given these assumptions, 
the absence of specific recommendations on the optimal anti-
thrombotic treatment for women and minorities do not probably 
entirely reflect the complexity of the topic and data from large scale 
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clinical trials or even dedicated studies assessing the safety and ef-
ficacy of antithrombotic treatment strategies in specific popu-
lations are warranted. 

Conflict of interest 
Dominick J Angiolillo: a) Honoraria/Lectures: Bristol Myers 
Squibb; Sanofi-aventis; Eli Lilly and Company; Daiichi Sankyo, 
Inc. b) Honoraria/Advisory board : Bristol Myers Squibb; Sanofi-
aventis; Eli Lilly and Company; Daiichi Sankyo, Inc.; Astra Zene-
ca; The Medicines Company; Portola Pharmaceuticals; Novartis; 
Arena Pharmaceuticals; Evolva Phamaceuticals. C) Research 
Grants: GlaxoSmithKline; Otsuka; Accumetrics; Eli Lilly and 
Company; Daiichi Sankyo, Inc.; The Medicines Company; Astra-
Zeneca; Eisai; Portola Pharmaceutical; Schering-Plough; Johnson 
and Johnson. Davide Capodanno: No conflict of interest to report. 

References 
1. Kung HC, et al. Division of Vital Statistics. Deaths: final data for 2005. National 

vital statistics reports. April 2008. Available online at http: //www.cdc.gov/nchs/
data/nvsr/nvsr48/nvs48_11.pdf. 

2. Guyatt GH, et al. Grades of recommendation for antithrombotic agents: Ameri-
can College of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th 
Edition). Chest 2008; 133 (Suppl): 123S-131S.  

3. Kim ESH, Menon V. Status of women in cardiovascular clinical trials. Arterioscler 
Thromb Biol 2009; 29: 279–283. 

4. Williams DR, Collins C. US Socioeconomic and racial difference in health: pat-
terns and explanations. Annu Rev Sociol 1995; 21: 349. 

5. Rosamond W, et al. Heart disease and stroke statistics-2007 update: a report from 
the American Heart Association Statistics Committee and Stroke Statistics Sub-
committee. Circulation. 2007; 115: e69–e171. 

6. American Heart Association. Women and cardiovascular disease: statistics. Dal-
las, Tex: American Heart Association; 2004. Available at: http: //american-
heart.org 

7. Chandra NC, et al. Observations of the treatment of women in the United States 
with myocardial infarction: a report from the National Registry of Myocardial In-
farction-I. Arch Intern Med 1998; 158: 981–988. 

8. Blomkalns AL, et al.; CRUSADE Investigators. Gender disparities in the diagnosis 
and treatment of non-ST-segment elevation acute coronary syndromes: large-
scale observations from the CRUSADE (Can Rapid Risk Stratification of Unstable 
Angina Patients Suppress Adverse Outcomes With Early Implementation of the 
American College of Cardiology/American Heart Association Guidelines) 
National Quality Improvement Initiative. J Am Coll Cardiol 2005; 45: 832–837. 

9. US Census Bureau. US Census Bureau Race Data. Available at: http: //www.cen-
sus.gov/population/www/socdemo/race.html. Accessed April 26, 2005. 

10. Mensah GA, et al. State of disparities in cardiovascular health in the United States. 
Circulation. 2005; 111: 1233–1241. 

11. Kurian AK, Cardarelli KM. Racial and ethnic differences in cardiovascular disease 
risk factors: a systematic review. Ethn Dis 2007; 17: 143–152. 

12. American Heart Association. Heart Disease and Stroke Statistics—2005 Update. 
Available at: http: //www.americanheart.org/presenter.jhtml?identifier=1928. 
Accessed March 2, 2005. 

13. Sabatine MS, et al. Influence of race on death and ischemic complications in pa-
tients with non-ST-elevation acute coronary syndromes despite modern, proto-
col-guided treatment. Circulation 2005; 111: 1217–1224. 

14. Sonel AF, et al.; CRUSADE Investigators. Racial variations in treatment and out-
comes of black and White patients with high-risk non-ST-elevation acute coron-
ary syndromes: insights from CRUSADE (Can Rapid Risk Stratification of Un-
stable Angina Patients Suppress Adverse Outcomes With Early Implementation of 
the ACC/AHA Guidelines?). Circulation 2005 Mar 15; 111: 1225–1232. 

15. Cohen MG, et al. Clinical characteristics, process of care, and outcomes of Hisp-
anic patients presenting with non-ST-segment elevation acute coronary syn-
dromes: results from Can Rapid risk stratification of Unstable angina patients 

Suppress ADverse outcomes with Early implementation of the ACC/AHA Guide-
lines (CRUSADE). Am Heart J. 2006; 152: 110–117. 

16. Duncan BB, et al. Low-grade systemic inflammation and the development of type 
2 diabetes: the atherosclerosis risk in communities study. Diabetes 2003; 52: 
1799–1805. 

17. Lutsey PL, et al. Plasma hemostatic factors and endothelial markers in four racial/
ethnic groups: the MESA study. J Thromb Haemost 2006; 4: 2629–2635. 

18. LaMonte MJ, et al. Cardiorespiratory fitness and C-reactive protein among a tri-
ethnic sample of women. Circulation 2002; 106: 403–406. 

19. Albert MA. Inflammatory biomarkers, race/ethnicity and cardiovascular disease. 
Nutr Rev 2007; 65: S234–238. 

20. Wong ND, et al. Distribution of C-reactive protein and its relation to risk factors 
and coronary heart disease risk estimation in the National Health and Nutrition 
Examination Survey (NHANES) III. Prev Cardiol 2001; 4: 109–114. 

21. Liao Y, et al. Coronary angiographic findings in African-American and white pa-
tients from a single institution. J Natl Med Assoc 2001; 93: 465–474. 

22. Tang W, et al. Racial differences in coronary calcium prevalence among high-risk 
adults. Am J Cardiol 1995; 75: 1088–1091. 

23. Budoff MJ, et al. Ethnic differences in coronary atherosclerosis. J Am Coll Cardiol 
2002; 39: 408–412. 

24. Bild DE, et al. Ethnic differences in coronary calcification: the Multi-Ethnic Study 
of Atherosclerosis (MESA). Circulation 2005; 111: 1313–1320. 

25. Folsom AR, et al. Risk factor correlates of platelet and leukocyte markers assessed 
by flow cytometry in a population-based sample. Atherosclerosis 2009; 205: 
272–278. 

26. Gurbel PA, et al. Race and sex differences in thrombogenicity: risk of ischemic 
events following coronary stenting. Blood Coagul Fibrinolysis 2008, 19: 268–275. 

27. Schwertz DW, Penckofer S. Sex differences and the effects of sex hormones on he-
mostasis and vascular reactivity. Heart Lung 2001; 30: 401–426. 

28. Eshel-Green T, et al. Effect of sex difference on platelet adhesion, spreading and 
aggregate formation under flow. Thromb Haemost 2009; 102: 958–965. 

29. Johnson M, et al. Sex and age differences in human platelet aggregation. Nature 
1975; 253: 355–357. 

30. Zwierzina WD, et al. Sex-related differences in platelet aggregation in native whole 
blood. Thromb Res 1987; 48: 161–171. 

31. Haque SF, et al. Sex difference in platelet aggregation detected by new aggrego-
metry using light scattering. Endocr J 2001; 48: 33–41. 

32. Meade TW, et al. Epidemiological characteristics of platelet aggregability. Br Med 
J (Clin Res Ed) 1985; 290: 428–432. 

33. Faraday N, et al. Gender differences in platelet GPIIb-IIIa activation. Thromb 
Haemost 1997; 77: 748–754. 

34. Blais N, et al. Response to aspirin in healthy individuals. Cross-comparison of 
light transmission aggregometry, VerifyNow system, platelet count drop, throm-
boelastography (TEG) and urinary 11-dehydrothromboxane B(2). Thromb Hae-
most 2009; 102: 404–411. 

35. Grove EL, et al. A comparison of platelet function tests and thromboxane meta-
bolites to evaluate aspirin response in healthy individuals and patients with cor-
onary artery disease. Thromb Haemost 2010; 103: 1245–1253. 

36. Bailey AL, et al. Thrombosis and antithrombotic therapy in women. Arterioscler 
Thromb Vasc Biol 2009; 29: 284–288. 

37. Stevens RF, Alexander MK. A sex difference in the platelet count. Br J Haematol 
1977; 37: 295–300. 

38. Leng XH, et al. Platelets of female mice are intrinsically more sensitive to agonists 
than are platelets of males. Arterioscler Thromb Vasc Biol 2004; 24: 376–381.  

39. Escolar G, et al. Sex-related differences in the effects of aspirin on the interaction 
of platelets with subendothelium. Thromb Res 1986; 44: 837–847. 

40. Gordon T, et al. Menopause and coronary heart disease. The Framingham Study. 
Ann Intern Med 1978; 89: 157–161. 

41. Rosenberg L, et al. Early menopause and the risk of myocardial infarction. Am J 
Obstet Gynecol 1981; 139: 47–51. 

42. Mikkola T, et al. 17 beta-estradiol stimulates prostacyclin, but not endothelin-1, 
production in human vascular endothelial cells. J Clin Endocrinol Metab 1995; 
80: 1832–1836. 

43. Caulin-Glaser T, et al. 17 beta-estradiol regulation of human endothelial cell basal 
nitric oxide release, independent of cytosolic Ca2+ mobilization. Circ Res 1997; 
81: 885–892. 

44. Herman SM, et al. Androgen deprivation is associated with enhanced endothe-
lium-dependent dilatation in adult men. Arterioscler Thromb Vasc Biol 1997; 17: 
2004–2009. 

Thrombosis and Haemostasis 104.3/2010 © Schattauer 2010

480 Capodanno, Angiolillo: Race, gender and antithrombotic therapy

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234



45. Arora S, et al. Estrogen improves endothelial function. J Vasc Surg 1998; 27: 
1141–1146;  

46. Lawrence JB, et al. Sex differences in platelet adherence to subendothelium: rela-
tionship to platelet function tests and hematologic variables. Am J Med Sci 1995; 
309: 201–207. 

47. Pinto S, et al. Sex related differences in platelet TxA2 generation. Prostaglandins 
Leukot Essent Fatty Acids 1990; 40: 217–221. 

48. Ajayi AA, et al. Testosterone increases human platelet thromboxane A2 receptor 
density and aggregation responses. Circulation 1995; 91: 2742–2747. 

49. Rossouw JE, et al.; Writing Group for the Women's Health Initiative Investigators. 
Risks and benefits of estrogen plus progestin in healthy postmenopausal women: 
principal results From the Women's Health Initiative randomized controlled trial. 
J Am Med Assoc 2002; 288: 321–333. 

50. Grady D, et al. Postmenopausal hormone therapy increases risk for venous 
thromboembolic disease. The Heart and Estrogen/progestin Replacement Study. 
Ann Intern Med 2000; 132: 689–696. 

51. Langer RD, et al. Baseline associations between postmenopausal hormone ther-
apy and inflammatory, haemostatic, and lipid biomarkers of coronary heart dis-
ease. The Women's Health Initiative Observational Study. Thromb Haemost 
2005; 93: 1108–1116. 

52. Manson JE, et al.; Women's Health Initiative Investigators. Estrogen plus proges-
tin and the risk of coronary heart disease. N Engl J Med 2003; 349: 523–534. 

53. Frederiksen H, Ravenholt RT. Thromboembolism, oral contraceptives, and ciga-
rettes. Public Health Rep 1970; 85: 197–205. 

54. Mendelsohn ME, Karas RH. The protective effects of estrogen on the cardiovascu-
lar system. N Engl J Med 1999; 340: 1801–1811. 

55. Bonithon-Kopp C, et al. Relationship between sex hormones and haemostatic 
factors in healthy middle-aged men. Atherosclerosis 1988; 71: 71–76. 

56. Caron P, et al. Plasminogen activator inhibitor in plasma is related to testosterone 
in men. Metabolism 1989; 38: 1010–1015 

57. Glueck CJ, et al. Endogenous testosterone, fibrinolysis, and coronary heart disease 
risk in hyperlipidemic men. J Lab Clin Med 1993; 122: 412–420. 

58. Anderson RA, et al. Haemostatic effects of supraphysiological levels of testoste-
rone in normal men. Thromb Haemost 1995; 74: 693–697. 

59. O’Brien JR. The bleeding time in normal and abnormal subjects. J Clin Pathol 
1951; 4: 272–285. 

60. Bain B, Forester T. A sex difference in the bleeding time. Thromb Haemost 1980; 
3: 131–132. 

61. Buchanan MR, et al. The sex-related differences in aspirin pharmacokinetics in 
rabbits and man and its relationship to antiplatelet effects. Thromb Res 1983; 29: 
125–139. 

62. Ho PC, et al. The effects of age and sex on the disposition of acetylsalicylic acid 
and its metabolites. Br J Clin Pharmacol 1985; 19: 675–684. 

63. Miners JO, et al. Influence of gender and oral contraceptive steroids on the metab-
olism of salicylic acid and acetylsalicylic acid. Br J Clin Pharmacol 1986; 22: 
135–142. 

64. Eikelboom JW, et al. Adverse Impact of Bleeding on Prognosis in Patients With 
Acute Coronary Syndromes. Circulation 2006; 114: 774–782. 

65. Rao SV, et al. Bleeding and blood transfusion issues in patients with non–ST-seg-
ment elevation acute coronary syndromes. Eur Heart J 2007; 28: 1193–1204. 

66. Rao SV, et al. A comparison of the clinical impact of bleeding measured by two dif-
ferent classifications among patients with acute coronary syndromes. J Am Coll 
Cardiol 2006; 47: 809–816. 

67. Schulman S, et al.; American College of Chest Physicians. Hemorrhagic compli-
cations of anticoagulant and thrombolytic treatment: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 
2008; 133: 257S-298S. 

68. Ferreiro JL, et al. Platelet function testing and risk of bleeding complications. 
Thromb Haemost 2010; 103: 1128-1135. 

69. Pengo V, et al.; ISCOAT Study Group.(Italian Study on Complications of Oral 
Anticoagulant Therapy). Oral anticoagulant therapy in patients with nonrheu-
matic atrial fibrillation and risk of bleeding. A Multicenter Inception Cohort 
Study. Thromb Haemost 2001; 85: 418–422. 

70. van der Meer FJ, et al. Bleeding complications in oral anticoagulant therapy. An 
analysis of risk factors. Arch Intern Med 1993; 153: 1557–1562. 

71. Jick H, et al. Efficacy and toxicity of heparin in relation to age and sex. N Engl J 
Med 1968; 279: 284–286. 

72. Shen AY, t al. Racial/ethnic differences in the risk of intracranial hemorrhage 
among patients with atrial fibrillation. J Am Coll Cardiol 2007; 50: 309–315. 

73. Broderick JP, et al. The risk of subarachnoid and intracerebral hemorrhages in 
blacks as compared with whites. N Engl J Med 1992; 326: 733–736. 

74. Sacco RL, et al. Stroke incidence among white, black, and Hispanic residents of an 
urban community: the Northern Manhattan Stroke Study. Am J Epidemiol 1998; 
147: 259–268. 

75. Fang J, et al. Clinical characteristics of stroke among Chinese in New York City. 
Ethn Dis 2004; 14: 378–383. 

76. Tanaka H, et al. Risk factors for cerebral hemorrhage and cerebral infarction in a 
Japanese rural community. Stroke 1982; 13: 62–73. 

77. Ayala C, et al. Sex differences in US mortality rates for stroke and stroke subtypes 
by race/ethnicity and age, 1995–1998. Stroke 2002; 33: 1197–1201. 

78. Nakagawa Y, et al. Efficacy of abciximab for patients undergoing balloon angio-
plasty: data from Japanese evaluation of c7E3 Fab for elective and primary PCI or-
ganization in randomized trial (JEPPORT). Circ J 2009; 73: 145–151. 

79. Takahashi H, et al. Population differences in S-warfarin metabolism between 
CYP2C9 genotype-matched Caucasian and Japanese patients. Clin Pharmacol 
Ther 2003; 73: 253–263. 

80. Marín F, et al. Pharmacogenetics in cardiovascular antithrombotic therapy. J Am 
Coll Cardiol 2009; 54: 1041–1057. 

81. Quteineh L, et al. Vitamin K epoxide reductase (VKORC1) genetic polymorphism 
is associated to oral anticoagulant overdose. Thromb Haemost 2005; 94: 690–691. 

82. Rost S, et al. Mutations in VKORC1 cause warfarin resistance and multiple coagu-
lation factor deficiency type 2. Nature 2004; 427: 537–541. 

83. Takahashi H, et al. Different contributions of polymorphisms in VKORC1 and 
CYP2C9 to intra- and inter-population differences in maintenance dose of warfa-
rin in Japanese, Caucasians and African-Americans. Pharmacogenet Genomics 
2006; 16: 101–110. 

84. Rieder MJ, et al. Effect of VKORC1 haplotypes on transcriptional regulation and 
warfarin dose. N Engl J Med 2005; 352: 2285–2293. 

85. Marsh S, et al. Population variation in VKORC1 haplotype structure. J Thromb 
Haemost 2006; 4: 473–474. 

86. Dang M-TN, et al. The influence of ethnicity on warfarin dosage requirement. 
Ann Pharmacother 2005; 39: 1008–1012. 

87. Yu HC, et al. Factors determining the maintenance dose of warfarin in Chinese 
patients. Q J Med 1996; 89: 127–135. 

88. Rettie AE, et al. Hydroxylation of warfarin by human cDNA-expressed cytoch-
rome P-450: a role for P-4502C9 in the etiology of (S)-warfarin-drug interactions. 
Chem Res Toxicol 1992; 5: 54–59. 

89. Yasar U, t al. Validation of methods for CYP2C9 genotyping: frequencies of mu-
tant alleles in a Swedish population. Biochem Biophys Res Commun 1999; 254: 
628–631. 

90. Margaglione M, et al. Genetic modulation of oral anticoagulation with warfarin. 
Thromb Haemost 2000; 84: 775–778. 

91. Taube J, et al. Influence of cytochrome P-450 CYP2C9 polymorphisms on warfa-
rin sensitivity and risk of over-anticoagulation in patients on long-term treat-
ment. Blood 2000; 96: 1816–1819. 

92. Linder MW, et al. Warfarin dose adjustments based on CYP2C9 genetic polymor-
phisms. J Thromb Thrombolysis 2002; 14: 227–232. 

93. Brandt JT, et al. Common polymorphisms of CYP2C19 and CYP2C9 affect the 
pharmacokinetic and pharmacodynamic response to clopidogrel but not prasu-
grel. J Thromb Haemost 2007; 5: 2429–2436. 

94. Simon T, et al.; French Registry of Acute ST-Elevation and Non-ST-Elevation 
Myocardial Infarction (FAST-MI) Investigators. Genetic determinants of re-
sponse to clopidogrel and cardiovascular events. N Engl J Med 2009; 360: 
363–375. 

95. Kim KA, et al. The effect of CYP2C19 polymorphism on the pharmacokinetics 
and pharmacodynamics of clopidogrel: a possible mechanism for clopidogrel re-
sistance. Clin Pharmacol Ther 2008; 84: 236–242. 

96. Umemura K, et al. The common gene variants of CYP2C19 affect pharmacoki-
netics and pharmacodynamics in an active metabolite of clopidogrel in healthy 
subjects. J Thromb Haemost 2008; 6: 1439–1441. 

97. Simon T, et al.; French Registry of Acute ST-Elevation and Non-ST-Elevation 
Myocardial Infarction (FAST-MI) Investigators. Genetic determinants of re-
sponse to clopidogrel and cardiovascular events. N Engl J Med 2009; 360: 
363–375. 

98. Mega JL, et al. Cytochrome p-450 polymorphisms and response to clopidogrel. N 
Engl J Med 2009; 360: 354–362. 

© Schattauer 2010 Thrombosis and Haemostasis 104.3/2010

481 Capodanno, Angiolillo: Race, gender and antithrombotic therapy 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234



99. Sibbing D, et al. Cytochrome P450 2C19 loss-of-function polymorphism and 
stent thrombosis following percutaneous coronary intervention. Eur Heart J 
2009; 30: 916–922. 

100. Trenk D, et al. Cytochrome P450 2C19 681G>A polymorphism and high on-
clopidogrel platelet reactivity associated with adverse 1-year clinical outcome of 
elective percutaneous coronary intervention with drug-eluting or bare-metal 
stents. J Am Coll Cardiol 2008; 51: 1925–1934 

101. Collet JP, et al. Cytochrome P450 2C19 polymorphism in young patients treated 
with clopidogrel after myocardial infarction: a cohort study. Lancet 2009; 373: 
309–317. 

102. Shuldiner AR, et al. Association of cytochrome P450 2C19 genotype with the 
antiplatelet effect and clinical efficacy of clopidogrel therapy. J Am Med Assoc 
2009; 302: 849–857. 

103. Hoshino K, et al., Clopidogrel resistance in Japanese patients scheduled for per-
cutaneous coronary intervention, Circ J 2009; 73: 336–342. 

104. Sibbing D, et al. Cytochrome 2C19*17 allelic variant, platelet aggregation, bleed-
ing events and stent thrombosis in clopidogrel treated patients with coronary 
stent placement. Circulation 2010; 121: 512-518. 

105. Sim SC, et al. A common novel CYP2C19 gene variant causes ultrarapid drug 
metabolism relevant for the drug response to proton pump inhibitors and 
antidepressants. Clin Pharmacol Ther 2006; 79: 103–113. 

106. Kim ESH, Monon V. Status of Women in Cardiovascular Clinical Trials. Arte-
rioscler Thromb Vasc Biol 2009; 29: 279–283. 

107. Chiaramonte GR, Friend R. Medical students' and residents' gender bias in the 
diagnosis, treatment, and interpretation of coronary heart disease symptoms. 
Health Psychol 2006; 25: 255–266. 

108. Van Spall HG, et al. Eligibility criteria of randomized controlled trials published 
in high-impact general medical journals: a systematic sampling review. J Am 
Med Assoc 2007; 297: 1233–1240. 

109. Gurwitz JH, et al. The exclusion of the elderly and women from clinical trials in 
acute myocardial infarction. J Am Med Assoc 1992; 268: 1417–1422. 

110. U.S. Congress Public Law No 103–43. National Institutes of Health Revital-
ization Act of 1993. June 10, 1993.  

111. Ridker PM, et al. A randomized trial of low-dose aspirin in the primary preven-
tion of cardiovascular disease in women. N Engl J Med 2005; 352: 1293–1304. 

112. Rossouw JE, et al.; Writing Group for the Women's Health Initiative Investi-
gators. Risks and benefits of estrogen plus progestin in healthy postmenopausal 
women: principal results From the Women's Health Initiative randomized con-
trolled trial. J Am Med Assoc 2002; 288: 321–333. 

113. Shavers VL, et al. Factors that influence African-Americans' willingness to par-
ticipate in medical research studies. Cancer 2001; 91 (Suppl): 233–236. 

114. Shavers VL, et al. Racial differences in factors that influence the willingness to 
participate in medical research studies. Ann Epidemiol 2002; 12: 248–256. 

115. Wendler D, et al. Are racial and ethnic minorities less willing to participate in 
health research? PLoS Med 2006; 3: e19. 

116. Patrono C, et al. Low-dose aspirin for the prevention of atherothrombosis. N 
Engl J Med 2005; 353: 2373–2383. 

117. The RISC Group. Risk of myocardial infarction and death during treatment with 
low dose aspirin and intravenous heparin in men with unstable coronary artery 
disease. Lancet 1990; 336: 827–830. 

118. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group. 
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither 
among 17,187 cases of suspected acute myocardial infarction: ISIS-2. Lancet 
1988; 2: 349–360. 

119. Becker DM, et al. Sex differences in platelet reactivity and response to low-dose 
aspirin therapy. J Am Med Assoc 2006; 295: 1420–1427. 

120. Gum PA, et al. Profile and prevalence of aspirin resistance in patients with car-
diovascular disease. Am J Cardiol 2001; 88: 230–235.  

121. Gum PA, et al. A prospective, blinded determination of the natural history of as-
pirin resistance among stable patients with cardiovascular disease. J Am Coll 
Cardiol 2003; 41: 961–965. 

122. Qayyum R, et al. Platelet inhibition by aspirin 81 and 325 mg/day in men versus 
women without clinically apparent cardiovascular disease. Am J Cardiol 2008; 
101: 1359–1363. 

123. Eikelboom JW, et al.; Clopidogrel for High Atherothrombotic Risk and Ischemic 
Stabilization, Management and Avoidance (CHARISMA) Investigators. Incom-
plete inhibition of thromboxane biosynthesis by acetylsalicylic acid: deter-
minants and effect on cardiovascular risk. Circulation 2008; 118: 1705–1712. 

124. Eikelboom JW, et al. Aspirin-resistant thromboxane biosynthesis and the risk of 
myocardial infarction, stroke, or cardiovascular death in patients at high risk for 
cardiovascular events. Circulation 2002; 105: 1650–1655. 

125. Berger JS, et al. Aspirin for the primary prevention of cardiovascular events in 
women and men: a sex-specific meta-analysis of randomized controlled trials. J 
Am Med Assoc 2006; 295: 306–313. 

126. Antithrombotic Trialists' (ATT) Collaboration, Baigent C, Blackwell L, Collins R, 
et al. Aspirin in the primary and secondary prevention of vascular disease: col-
laborative meta-analysis of individual participant data from randomised trials. 
Lancet 2009; 373: 1849–1860. 

127. Yerman T, et al. The influence of gender on the effects of aspirin in preventing 
myocardial infarction. BMC Med 2007; 5: 29. 

128. Gum PA, et al. Profile and prevalence of aspirin resistance in patients with car-
diovascular disease. Am J Cardiol 2001; 88: 230–235. 

129. Cohen HW, et al. Aspirin resistance associated with HbA1c and obesity in dia-
betic patients. J Diabetes Complications 2008; 22: 224–228. 

130. Brown DW, et al. Racial differences in the use of aspirin: an important tool for 
preventing heart disease and stroke. Ethn Dis 2005; 15: 620–626. 

131. Glasser SP, et al. Does differential prophylactic aspirin use contribute to racial 
and geographic disparities in stroke and coronary heart disease (CHD)? Prev 
Med 2008; 47: 161–166.  

132. Bertrand ME, et al.; CLASSICS Investigators. Double-blind study of the safety of 
clopidogrel with and without a loading dose in combination with aspirin com-
pared with ticlopidine in combination with aspirin after coronary stenting : the 
clopidogrel aspirin stent international cooperative study (CLASSICS). Circu-
lation. 2000; 102: 624–629. 

133. Jochmann N, et al. Female-specific aspects in the pharmacotherapy of chronic 
cardiovascular diseases. Eur Heart J 2005; 26: 1585–1595.  

134. Serebruany VL, et al. Variability in platelet responsiveness to clopidogrel among 
544 individuals. J Am Coll Cardiol 2005; 45: 246–251. 

135. Price MJ. Monitoring platelet function to reduce the risk of ischemic and bleed-
ing complications. Am J Cardiol 2009; 103 (Suppl): 35A-39A. 

136. Ferreiro JL, Angiolillo DJ. Clopidogrel response variability: current status and 
future directions. Thromb Haemost 2009; 102: 7–14. 

137. Yusuf S, et al.; Clopidogrel in Unstable Angina to Prevent Recurrent Events Trial 
Investigators. Effects of clopidogrel in addition to aspirin in patients with acute 
coronary syndromes without ST-segment elevation. N Engl J Med 2001; 345: 
494–502. 

138. Mehta SR, et al.; Clopidogrel in Unstable angina to prevent Recurrent Events trial 
(CURE) Investigators. Effects of pretreatment with clopidogrel and aspirin fol-
lowed by long-term therapy in patients undergoing percutaneous coronary in-
tervention: the PCI-CURE study. Lancet 2001; 358: 527–533. 

139. Steinhubl SR, et al.; CREDO Investigators. Clopidogrel for the Reduction of 
Events During Observation. Early and sustained dual oral antiplatelet therapy 
following percutaneous coronary intervention: a randomized controlled trial. J 
Am Med Assoc 2002; 288: 2411–2420.  

140. Sabatine MS, et al.; CLARITY-TIMI 28 Investigators. Addition of clopidogrel to 
aspirin and fibrinolytic therapy for myocardial infarction with ST-segment elev-
ation. N Engl J Med 2005; 352: 1179–1189.  

141. Chen ZM, et al.; COMMIT (ClOpidogrel and Metoprolol in Myocardial Infarc-
tion Trial) collaborative group. Addition of clopidogrel to aspirin in 45,852 pa-
tients with acute myocardial infarction: randomised placebo-controlled trial. 
Lancet 2005; 366: 1607–1621. 

142. Bhatt DL, et al.; CHARISMA Investigators. Clopidogrel and aspirin versus as-
pirin alone for the prevention of atherothrombotic events. N Engl J Med 2006; 
354: 1706–1717.  

143. Berger JS, et al. The relative efficacy and safety of clopidogrel in women and men. 
J Am Coll Cardiol 2009; 54: 1935–1945. 

144. Mak KH, et al. Ethnic variation in adverse cardiovascular outcomes and bleeding 
complications in the Clopidogrel for High Atherothrombotic Risk and Ischemic 
Stabilization, Management, and Avoidance (CHARISMA) study. Am Heart J 
2009; 157: 658–665. 

145. Hoshino K, et al. Clopidogrel resistance in Japanese patients scheduled for per-
cutaneous coronary intervention. Circ J 2009; 73: 336–342. 

146. Jinnai T, et al. Impact of CYP2C19 polymorphisms on the antiplatelet effect of 
clopidogrel in an actual clinical setting in Japan. Circ J 2009; 73: 1498–1503.  

147. Angiolillo DJ, et al. Prasugrel: a novel platelet ADP P2Y12 receptor antagonist. A 
review on its mechanism of action and clinical development. Expert Opin Phar-
macother 2008; 9: 2893–2900. 

Thrombosis and Haemostasis 104.3/2010 © Schattauer 2010

482 Capodanno, Angiolillo: Race, gender and antithrombotic therapy

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234



148. Wiviott SD, et al. TRITON-TIMI 38 Investigators. Prasugrel versus clopidogrel 
in patients with acute coronary syndromes. N Engl J Med 2007; 357: 2001–2015. 

149. Small DS, et al. The pharmacokinetics and pharmacodynamics of prasugrel in 
healthy Chinese, Japanese, and Korean subjects compared with healthy Cau-
casian subjects. Eur J Clin Pharmacol 2010; 66: 127-135. 

150. Mega JL, et al. Cytochrome P450 genetic polymorphisms and the response to 
prasugrel: relationship to pharmacokinetic, pharmacodynamic, and clinical out-
comes. Circulation 2009; 119: 2553–2560. 

151. Wallentin L, et al. the PLATO Investigators. Ticagrelor versus Clopidogrel in Pa-
tients with Acute Coronary Syndromes. N Engl J Med 2009; 361: 1–13. 

152. Coller BS, et al. A murine monoclonal antibody that completely blocks the bind-
ing of fibrinogen to platelets produces a thrombasthenic-like state in normal pla-
telets and binds to glycoproteins IIb and/or IIIa. J Clin Invest 1983; 72: 325–338. 

153. Tardiff BE, et al.; PERIGEE Investigators. Pharmacodynamics and pharmacoki-
netics of eptifibatide in patients with acute coronary syndromes: prospective 
analysis from PURSUIT. Circulation 2001; 104: 399–405. 

154. Cho L, et al. Clinical benefit of glycoprotein IIb/IIIa blockade with Abciximab is 
independent of gender: pooled analysis from EPIC, EPILOG and EPISTENT 
trials. Evaluation of 7E3 for the Prevention of Ischemic Complications. Evalu-
ation in Percutaneous Transluminal Coronary Angioplasty to Improve Long-
Term Outcome with Abciximab GP IIb/IIIa blockade. Evaluation of Platelet IIb/
IIIa Inhibitor for Stent. J Am Coll Cardiol 2000; 36: 381–386. 

155. Fernandes LS, et al.; ESPRIT investigators. Is glycoprotein IIb/IIIa antagonism as 
effective in women as in men following percutaneous coronary intervention?. 
Lessons from the ESPRIT study. J Am Coll Cardiol 2002; 40: 1085–1091. 

156. Boersma E, et al. Platelet glycoprotein IIb/IIIa inhibitors in acute coronary syn-
dromes: a meta-analysis of all major randomised clinical trials. Lancet 2002; 359: 
189–198. 

157. Hirsh J, et al. Heparin and low-molecular-weight heparin: mechanisms of action, 
pharmacokinetics, dosing considerations, monitoring, efficacy, and safety. Chest 
1998; 114: 489S-510S. 

158. Hochman JS, et al. A new regimen for heparin use in acute coronary syndromes. 
Am Heart J 1999; 138: 313–318. 

159. Granger CB, et al. Activated partial thromboplastin time and outcome after 
thrombolytic therapy for acute myocardial infarction: results from the GUSTO-I 
trial. Circulation 1996; 93: 870–878. 

160. Thrombolysis In Myocardial Infarction 11A Investigators. Dose-ranging trial of 
enoxaparin for unstable angina: results of TIMI 11A. J Am Coll Cardiol 1997; 29: 
1474–1482. 

161. Becker RC, et al.; TIMI 11A Investigators. Influence of patient characteristics and 
renal function on factor Xa inhibition pharmacokinetics and pharmacody-
namics after enoxaparin administration in non-ST-segment elevation acute cor-
onary syndromes. Am Heart J 2002; 143: 753–759. 

162. Fragmin during Instability in Coronary Artery Disease (FRISC) Study Group. 
Low-molecular-weight heparin during instability in coronary artery disease. 
Lancet 1996; 347: 561–568. 

163. Toss H, et al. Influences of sex and smoking habits on anticoagulant activity in 
low-molecular-weight heparin treatment of unstable coronary artery disease. 
Am Heart J 1999; 137: 72–78. 

164. Cohen M, et al.; ESSENCE (Efficacy and Safety of Subcutaneous Enoxaparin in 
Non-Q-wave Coronary Events) and TIMI (Thrombolysis in Myocardial Infarc-
tion) 11B Investigators. Enoxaparin in unstable angina/non-ST-segment elev-
ation myocardial infarction: treatment benefits in prespecified subgroups. J 
Thromb Thrombolysis 2001; 12: 199–206. 

165. White HD, et al. Efficacy and safety of enoxaparin compared with unfractionated 
heparin in high-risk patients with non-ST-segment elevation acute coronary 
syndrome undergoing percutaneous coronary intervention in the Superior Yield 
of the New Strategy of Enoxaparin, Revascularization and Glycoprotein IIb/IIIa 
Inhibitors (SYNERGY) trial. Am Heart J 2006; 152: 1042–1050. 

166. Mega JL, et al. Outcomes and optimal antithrombotic therapy in women under-
going fibrinolysis for ST-elevation myocardial infarction. Circulation 2007; 115: 
2822–2828. 

167. Lee CH, et al. Impact of different Asian ethnic groups on correlation between he-
parin dose, activated clotting time and complications in percutaneous coronary 
intervention. Int J Cardiol 2008; 130: 500–502.  

168. Anderson JL, et al.; ACC/AHA 2007 guidelines for the management of patients 
with unstable angina/non-ST-Elevation myocardial infarction: a report of the 
American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (Writing Committee to Revise the 2002 Guidelines for the 

Management of Patients With Unstable Angina/Non-ST-Elevation Myocardial 
Infarction) developed in collaboration with the American College of Emergency 
Physicians, the Society for Cardiovascular Angiography and Interventions, and 
the Society of Thoracic Surgeons endorsed by the American Association of Car-
diovascular and Pulmonary Rehabilitation and the Society for Academic Emerg-
ency Medicine. J Am Coll Cardiol 2007; 50: 1–157.  

169. Kushner FG, et al. 2009 focused updates: ACC/AHA guidelines for the manage-
ment of patients with ST-elevation myocardial infarction (updating the 2004 
guideline and 2007 focused update) and ACC/AHA/SCAI guidelines on percut-
aneous coronary intervention (updating the 2005 guideline and 2007 focused 
update) a report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol 2009; 54: 
2205–2241.  

170. Lincoff AM, et al.; REPLACE-2 Investigators. Bivalirudin and provisional glyco-
protein IIb/IIIa blockade compared with heparin and planned glycoprotein IIb/
IIIa blockade during percutaneous coronary intervention: REPLACE-2 ran-
domized trial. J Am Med Assoc 2003; 289: 853–863. 

171. Lincoff AM, et al.; REPLACE-2 Investigators. Long-term efficacy of bivalirudin 
and provisional glycoprotein IIb/IIIa blockade vs heparin and planned glycopro-
tein IIb/IIIa blockade during percutaneous coronary revascularization: RE-
PLACE-2 randomized trial. J Am Med Assoc 2004; 292: 696–703. 

172. Chacko M, et al. Ischemic and bleeding outcomes in women treated with bival-
irudin during percutaneous coronary intervention: a subgroup analysis of the 
Randomized Evaluation in PCI Linking Angiomax to Reduced Clinical Events 
(REPLACE)-2 trial. Am Heart J 2006; 151: 1032.e1–7. 

173. Stone GW, et al., for the ACUITY Investigators. Bivalirudin for patients with 
acute coronary syndromes. N Engl J Med 2006; 355: 2203–2216. 

174. Stone GW, et al.; Acute Catheterization and Urgent Intervention Triage strategy 
(ACUITY) trial investigators. Bivalirudin in patients with acute coronary syn-
dromes undergoing percutaneous coronary intervention: a subgroup analysis 
from the Acute Catheterization and Urgent Intervention Triage strategy 
(ACUITY) trial. Lancet 2007; 369: 907–919. 

175. Manoukian SV, et al. Impact of major bleeding on 30-day mortality and clinical 
outcomes in patients with acute coronary syndromes: an analysis from the 
ACUITY Trial. J Am Coll Cardiol 2007; 49: 1362–1368. 

176. Lansky AJ, et al. Impact of gender and antithrombin strategy on early and late 
clinical outcomes in patients with non-ST-elevation acute coronary syndromes 
(from the ACUITY trial). Am J Cardiol 2009; 103: 1196–1203. 

177. Stone GW, et al.; HORIZONS-AMI Trial Investigators. Bivalirudin during pri-
mary PCI in acute myocardial infarction. N Engl J Med 2008; 358: 2218–2230. 

178. Mehran R, et al.; HORIZONS-AMI Trial Investigators. Bivalirudin in patients 
undergoing primary angioplasty for acute myocardial infarction (HORIZONS-
AMI): 1-year results of a randomised controlled trial. Lancet 2009; 374: 
1149–1159. 

179. Grinfeld L, et al. Impact of gender on the safety and effectiveness of bivalirudin 
in patients with acute myocardial infarction undergoing primary angioplasty. 
Abstract presented at: Annual meeting of the American College of Cardiology, 
Chicago, March 29, 2008. 

180. Madsen JK, et al. Ischaemic events and bleeding in patients undergoing percut-
aneous coronary intervention with concomitant bivalirudin treatment. EuroIn-
tervention 2008; 3: 610–616. 

181. Shammas NW, et al.; APPROVE Investigators. Predictors of in-hospital and 
30-day complications of peripheral vascular interventions using bivalirudin as 
the primary anticoagulant: results from the APPROVE Registry. J Invasive Car-
diol 2005; 17: 356–359. 

182. Roguin A, et al. Safety of bivalirudin during percutaneous coronary interven-
tions in patients with abnormal renal function. Int J Cardiovasc Intervent 2005; 
7: 88–92. 

183. van Ryn J, et al. Dabigatran etexilate – a novel, reversible, oral direct thrombin in-
hibitor: Interpretation of coagulation assays and reversal of anticoagulant activ-
ity. Thromb Haemost 2010; 103: 1116–1127. 

184. Connolly SJ, et al. the RE-LY Steering Committee and Investigators. Dabigatran 
versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2009; 361: 
1139–1151. 

185. Lewis BE, et al.; Argatroban-915 Investigators. Argatroban anticoagulation in pa-
tients with heparin-induced thrombocytopenia. Arch Intern Med 2003; 163: 
1849–1856. 

© Schattauer 2010 Thrombosis and Haemostasis 104.3/2010

483 Capodanno, Angiolillo: Race, gender and antithrombotic therapy 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234



186. Lewis BE, et al.; ARG-911 Study Investigators. Argatroban anticoagulant therapy 
in patients with heparin-induced thrombocytopenia. Circulation 2001; 103: 
1838–1843. 

187. Swan SK, Hursting MJ. The pharmacokinetics and pharmacodynamics of ar-
gatroban: effects of age, gender, and hepatic or renal dysfunction. Pharmacother-
apy 2000; 20: 318–329. 

188. Jang IK, et al. Argatroban therapy in women with heparin-induced thrombocy-
topenia. J Womens Health (Larchmt) 2007; 16: 895–901. 

189. Hursting MJ, Jang IK. Dosing patterns and outcomes in African American, Asian, 
and Hispanic patients with heparin-induced thrombocytopenia treated with ar-
gatroban. J Thromb Thrombolysis 2009; 28: 10–15.  

190. Blick SK, et al. Fondaparinux sodium: a review of its use in the management of 
acute coronary syndromes. Am J Cardiovasc Drugs 2008; 8: 113–125.  

191. Yusuf S, et al. Comparison of fondaparinux and enoxaparin in acute coronary 
syndromes. N Engl J Med 2006; 354: 1464–1476. 

192. Yusuf S, et al.; OASIS-6 Trial Group. Effects of fondaparinux on mortality and re-
infarction in patients with acute ST-segment elevation myocardial infarction: 
the OASIS-6 randomized trial. J Am Med Assoc 2006; 295: 1519–1530. 

193. Oldgren J, et al.; OASIS-6 Investigators. Effects of fondaparinux in patients with 
ST-segment elevation acute myocardial infarction not receiving reperfusion 
treatment. Eur Heart J 2008; 29: 315–323. 

194. Fang MC, et al. Gender differences in the risk of ischemic stroke and peripheral 
embolism in atrial fibrillation: the AnTicoagulation and Risk factors In Atrial fi-
brillation (ATRIA) study. Circulation 2005; 112: 1687–1691.  

195. [No authors listed]. Risk factors for stroke and efficacy of antithrombotic ther-
apy in atrial fibrillation. Analysis of pooled data from five randomized controlled 
trials. Arch Intern Med 1994; 154: 1449–1457.  

196. Gomberg-Maitland M, et al. Anticoagulation in women with non-valvular atrial 
fibrillation in the stroke prevention using an oral thrombin inhibitor (SPORTIF) 
trials. Eur Heart J 2006; 27: 1947–1953.  

197. Hart RG, et al. Factors associated with ischemic stroke during aspirin therapy in 
atrial fibrillation: analysis of 2012 participants in the SPAF I-III clinical trials. 
The Stroke Prevention in Atrial Fibrillation (SPAF) Investigators. Stroke 1999; 
30: 1223–1229. 

198. Garcia D, et al. Warfarin maintenance dosing patterns in clinical practice. Chest 
2005; 127: 2049–2056. 

199. Fibrinolytic Therapy Trialists' (FTT) Collaborative Group. Indications for fibri-
nolytic therapy in suspected acute myocardial infarction: collaborative overview 
of early mortality and major morbidity results from all randomised trials of 
more than 1000 patients. Lancet 1994; 343: 311–322. 

200. Woodfield SL, et al. Gender and acute myocardial infarction: is there a different 
response to thrombolysis? J Am Coll Cardiol 1997; 29: 35–42. 

201. Gruppo Italiano per lo Studio Della Streptochinasi nell'Infarto Miocardico 
(GISSI). Effectiveness of intravenous thrombolytic treatment in acute myo-
cardial infarction. Lancet 1986; 1: 397–402. 

202. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group. 
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither 
among 17 187 cases of suspected acute myocardial infarction: ISIS-2. Lancet 
1988; 2: 349–360.  

203. Wilcox RG, et al. Trial of tissue plasminogen activator for mortality reduction in 
acute myocardial infarction: Anglo-Scandinavian Study of Early Thrombolysis 
(ASSET). Lancet 1988; 2: 525–530. 

204. The GUSTO Investigators. An international randomized trial comparing four 
thrombolytic strategies for acute myocardial infarction. N Engl J Med 1993; 329: 
673–682.  

205. Moen EK, et al, Global Utilization of Streptokinase and Tissue Plasminogen Ac-
tivator for Occluded Coronary Arteries. Long-term follow-up of gender-specific 
outcomes after thrombolytic therapy for acute myocardial infarction from the 
GUSTO-I trial. J Womens Health 1997; 6: 285–293.  

206. Lee KL, et al., Predictors of 30-day mortality in the era of reperfusion for acute 
myocardial infarction. Circulation 1995; 91: 1659–1668. 

207. White HD, et al. After correcting for worse baseline characteristics, women 
treated with thrombolytic therapy for acute myocardial infarction have the same 
mortality and morbidity as men except for a higher incidence of hemorrhagic 
stroke. The Investigators of the International Tissue Plasminogen Activator/
Streptokinase Mortality Study. Circulation 1993; 88: 2097–2103. 

208. Weaver WD, et al, GUSTO-I Investigators. Comparisons of characteristics and 
outcomes among women and men with acute myocardial infarction treated with 
thrombolytic therapy. J Am Med Assoc 1996; 275: 777–782. 

209. Woodfield SL, et al. Gender and acute myocardial infarction: is there a different 
response to thrombolysis? J Am Coll Cardiol 1997; 29: 35–42. 

210. Nicolau JC, et al. The role of gender in the long-term prognosis of patients with 
myocardial infarction submitted to fibrinolytic treatment. Ann Epidemiol 2004; 
14: 17–23.  

211. Van de Werf F, et al, ASSENT-2 Investigators. Incidence and predictors of bleed-
ing events after fibrinolytic therapy with fibrin-specific agents: a comparison of 
TNK-tPA and rt-PA. Eur Heart J 2001; 22: 2253–2261. 

212. Berkowitz SD, et al., Global Utilization of Streptokinase and Tissue Plasminogen 
activator for Occluded coronary arteries (GUSTO) I Investigators. Incidence and 
predictors of bleeding after contemporary thrombolytic therapy for myocardial 
infarction. Circulation 1997; 95: 2508–2516. 

213. Topol EJ. Reperfusion therapy for acute myocardial infarction with fibrinolytic 
therapy or combination reduced fibrinolytic therapy and platelet glycoprotein 
IIb/IIIa inhibition: the GUSTO V randomised trial. Lancet 2001; 357: 
1905–1914. 

214. Reynolds HR, et al.; GUSTO V Investigators. Impact of female sex on death and 
bleeding after fibrinolytic treatment of myocardial infarction in GUSTO V. Arch 
Intern Med 2007; 167: 2054–2060. 

215. Borzak S, et al. Lower thrombolytic use for African Americans with myocardial 
infarction: an influence of clinical presentation? Am Heart J 1999; 137: 338–345. 

216. Taylor HA, et al.; for the National Registry of Myocardial Infarction 2 Investi-
gators. Management and outcomes for black patients with acute myocardial in-
farction in the reperfusion era. Am J Cardiol 1998; 82: 1019–1023. 

217. Allison JJ, et al. Racial differences in the medical treatment of elderly Medicare 
patients with acute myocardial infarction. J Gen Intern Med 1996; 11: 736–743. 

218. Pashos CL, et al. Trends in the use of drug therapies in patients with acute myo-
cardial infarction: 1988 to 1992. J Am Coll Cardiol 1994; 23: 1023–1030. 

219. Syed M, et al. Effect of delay on racial differences in thrombolysis for acute myo-
cardial infarction. Am Heart J 2000; 140: 643–650.  

220. Taylor HA, et al. Race and prognosis after myocardial infarction. Results of the 
thrombolysis in myocardial infarction (TIMI) phase II trial. Circulation 1993; 
88: 1484–1494.

Thrombosis and Haemostasis 104.3/2010 © Schattauer 2010

484 Capodanno, Angiolillo: Race, gender and antithrombotic therapy

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-28 | IP: 38.107.179.234


