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Abstract
Purpose of Review This review examines the recent literature
on the use of low-dose aspirin (LDA) for primary and second-
ary prevention of cardiovascular disease in women, use of
LDA for pre-eclampsia prevention in pregnancy, and the un-
derutilization of aspirin therapy in women as compared to
men.
Recent Findings While men and women should not differ
with respect to aspirin use for secondary prevention, its role
in primary prevention remains unclear for both sexes, with
particular uncertainty in women. Reflective of this are con-
flicting recommendations in current guidelines for primary
prevention and thus investigations of primary prevention as-
pirin use are ongoing and will play an important role in eluci-
dating its efficacy. While there is significant heterogeneity in
studies to date of LDA for pre-eclampsia prevention, based on
recent meta-analyses suggesting promising results, guidelines
now recommend initiation in high risk women after the 12th
week of gestation. Finally, studies consistently reveal that as-
pirin therapy is underutilized in women as compared to men,
suggesting a need to better educate physicians and the general
public about its use in women.
Summary Further research is needed to better elucidate the
role of aspirin in women for primary prevention of cardiovas-
cular disease and for pre-eclampsia in high risk pregnant
women. In addition, further investigation into the factors that

lead to the current underutilization of aspirin in women are
required in order to ensure that patients of both sexes are
optimally treated, with the goal of improving cardiovascular
outcomes in all patients.
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Introduction

Cardiovascular disease is the leading cause of mortality in
American men and women. Over decades, advances in car-
diovascular medicine have lowered this incidence. However,
it is well established that the reduction in women lags behind
that of men. Ongoing research is needed to elucidate the rea-
sons behind this discrepancy, which at least partly relates to
differences in disease pathophysiology and under-
representation of women in cardiovascular trials. Aspirin re-
mains a cornerstone therapy of cardiovascular medicine and
its efficacy and utilization in a variety of patient populations—
including women—and disease states continues to evolve.

The goal of this review is to highlight the recent literature
regarding the utilization and efficacy of aspirin in women for
primary and secondary prevention of cardiovascular disease,
as well as its role in pregnancy.

Sex Differences in the Response to Aspirin Therapy

Aspirin irreversibly inhibits cyclooxygenase 1 (COX-1),
which ultimately reduces platelet aggregation. Several studies
of platelet reactivity in men and women have found that wom-
en, even those without cardiovascular disease, exhibit greater
baseline platelet reactivity as compared to men [1–4]. This
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finding has raised the question of whether men and women
respond differently to aspirin therapy. In a study by Becker
et al., aspirin at a dose of 81 mg resulted in near total suppres-
sion of platelet reactivity as assessed through COX-1 depen-
dent mechanisms in healthy subjects of both sexes, despite
higher baseline platelet reactivity measured in women [1].
However, slightly more women as compared to men exhibited
greater residual platelet activity as assessed through pathways
independent of COX-1. Similarly, Shen et al. report higher
baseline platelet reactivity in women and greater residual
platelet reactivity with aspirin 81 mg daily, primarily through
pathways independent of COX-1 [2]. Using a definition of
aspirin resistance as less than 70 % inhibition of collagen-
induced platelet aggregation, these authors found significantly
more women (30 %) as compared to men (16 %) who exhib-
ited aspirin resistance (p = 0.0002) [1].

In order to investigate the effect of aspirin dosing, Qayyum
et al. examined the degree of inhibition of platelet aggregation
in response to daily aspirin 81 versus 325 mg in patients with-
out cardiovascular disease [4]. This study again confirmed
that women exhibited greater baseline platelet reactivity but
both sexes experienced near total suppression of platelet ag-
gregation through the direct COX-1 pathway at a dose of
81 mg, without an incremental benefit in either sex to
325 mg. However, women again exhibited greater residual
platelet reactivity via indirect pathways such that with a dose
of aspirin 325 mg, women demonstrated higher residual plate-
let aggregation through independent pathways as compared to
men who had received a dose of 81 mg. Whether this contrib-
utes to a clinically meaningful difference in the benefit of
aspirin between men and women, however, remains un-
known. It does suggest that the efficacy of COX-1 inhibition
of low-dose aspirin (LDA) does not differ between men and
women and thus does not support, on a pharmacologic level,
utilization of higher aspirin doses in women as compared to
men.

In summary, women exhibit higher baseline platelet reac-
tivity as compared to men. While both sexes experience near
total suppression of platelet aggregation through COX-1 de-
pendent mechanisms, women still exhibit higher platelet reac-
tivity on aspirin therapy through mechanisms independent of
COX-1. Whether this translates into a clinically meaningful
difference in the efficacy of the drug between men and women
is also unknown.

Aspirin for Primary Prevention

While the use of aspirin for secondary prevention is well
established, its efficacy, especially in women, for primary pre-
vention remains controversial. As with other cardiovascular
trials, women remain under-represented in trials of primary
prevention with aspirin. The Women’s Health Study (WHS)

is the largest study to date to exclusively investigate primary
prevention aspirin in women and randomized nearly 40,000
healthy women over the age of 45 to 100 mg of every other
day aspirin versus placebo [5••]. While LDA reduced the in-
cidence of stroke by 17 % in this population over the 10-year
follow-up period, there was no reduction in the incidence of
myocardial infarction (MI) or cardiovascular death. Based on
subgroup analysis revealing that women aged 65 or older
randomized to aspirin experienced a significant reduction in
major cardiovascular events, ischemic stroke, and MI, recom-
mendations emerged for LDA use only among older women.
A subsequent analysis of the on-treatment population from the
WHS found a similar reduction in total cardiovascular events
as found in the intent-to-treat analysis, but a greater reduction
in cardiovascular mortality of 24 %, though this did not reach
significance [6]. More recently, in a risk model based on 15-
year outcomes data from the WHS combining cardiovascular,
oncologic, and major bleeding outcomes, the risk of bleeding
outweighed the modest reduction in the risk of cardiovascular
or oncologic disease in women younger than 65 years of age
[7]. Cancer risk was included in this model in light of data
suggesting a reduction in the risk of colorectal cancer and
other gastrointestinal cancers with aspirin use [8]. While the
risk of bleeding increased with age, the benefit gained from
the reduction in cardiovascular events in women aged 65 and
older out-weighted this risk, suggesting that selective treat-
ment of older women may yield meaningful benefit: 29 wom-
en aged 65 and older would need to be treated to prevent one
event [7].

Since the WHS, meta-analyses of primary prevention trials
have been conducted in an attempt to further clarify the effi-
cacy of primary prevention aspirin in women. In an analysis of
six randomized controlled trials of primary prevention includ-
ing nearly 100,000 patients, aspirin use resulted in a 12 %
reduction in cardiovascular events (confidence interval [CI]
0.79–0.99, p = 0.03) and 17 % reduction in the incidence of
stroke (CI 0.70–0.97, p = 0.02) without an effect on the inci-
dence of myocardial infarction or either cardiovascular or all-
cause mortality in women randomized to aspirin therapy as
compared to those who were not [9]. Overall, however, the
absolute risk reduction with aspirin was 0.30 % for women
and 0.37 % for men, suggesting that the absolute benefit for
both sexes is quite smal l [9] . Subsequent ly, the
Antithrombotic Trialists’ Collaboration performed a patient-
level meta-analysis across six trials, in which they found an
overall 12 % proportional reduction in serious vascular events
in patients randomized to aspirin therapy as compared to con-
trol (rate ratio 0.88, 95 % CI 0.82–0.94, p = 0.0001) [10]. In
this analysis, however, no sex differences were appreciated
with respect to prevention of vascular events. However, as
compared to men, women experienced a greater proportional
risk reduction with respect to ischemic stroke (p = 0.08 for
heterogeneity of effect between men and women when
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considered in isolation) [10]. In a review performed for the US
Preventive Service Task Force (USPSTF) of the current pri-
mary prevention literature, aspirin reduced the risk of nonfatal
myocardial infarction by 22 %, primarily within the first
5 years of treatment, without an effect on nonfatal stroke or
mortality (either all-cause or cardiovascular) [11]. While this
analysis found that older individuals experienced a greater
benefit with respect to MI, no sex-specific differences
emerged.

These inconsistent study results have ultimately led to het-
erogeneity in guideline recommendations (Table 1). The AHA
guidelines for cardiovascular disease prevention in women
cite aspirin use as a class II recommendation for women, par-
ticularly aged 65 or older, in whom the benefit of stroke or MI
prevention may out-weight the risk of bleeding [12•]. In con-
trast, however, the European guidelines no longer support
primary prevention aspirin for either sex based on a current
lack of compelling evidence [13]. In addition the US Food and
Drug Administration recently issued a statement
recommending against the use of aspirin for primary preven-
tion, regardless of sex [14]. Lastly, the USPSTF no longer
includes sex-specific recommendations as it did in 2009, but
rather stratifies its recommendation for primary prevention
aspirin by age and 10-year cardiovascular disease risk [15].
Given the current uncertainty with respect to the efficacy of
primary prevention aspirin, several large-scale randomized
controlled trials of populations with varying cardiovascular
disease risk are currently ongoing and hope to provide more
definitive guidance to clinicians [16–19].

Until more definitive data emerges, recommendations re-
garding aspirin use for primary prevention should be individ-
ualized and the limitations of the current understanding of its
efficacy should be discussed with patients. Those who are
more likely to benefit based on our current knowledge are
women aged 65 or older at low risk for bleeding, who may
experience a modest reduction in cardiovascular events, pri-
marily driven by a reduction in ischemic stroke. Whether men
and women differ with respect to the efficacy of primary pre-
vention of aspirin use, however, presently remains unclear.

Aspirin for Secondary Prevention

The efficacy of aspirin for secondary prevention is well
established in both men and women, with similar efficacy
between sexes [10, 20, 21]. In their specific guidelines for
the prevention of cardiovascular disease in women, the
American Heart Association (AHA) guidelines maintain a
class I recommendation for secondary prevention for women,
as is the case for men (Table 1) [12•]. A recent analysis of
nearly 9000 post-menopausal women with stable cardiovas-
cular disease enrolled in the Women Health Initiative
Observational Study, 46 % were taking aspirin [22]. After
multivariate adjustment, aspirin use resulted in a 14 % reduc-
tion in all-cause mortality (hazard ratio [HR] 0.86 [0.75–
0.99]) and 25 % reduction in cardiovascular mortality (HR
0.75 [0.60–0.95]) as compared to non-use over the 6.5 year
follow-up period [22]. Further, consistent with prior aspirin

Table 1 Current guideline recommendations for aspirin use in women

Indication Use Current guideline recommendations

Primary Prevention Prevention of a first CVevent AHA: Class IIa recommendation in women ≥65 years of age for ischemic
stroke and MI prevention with adequate blood pressure control

ESC: Not recommended (guidelines nonspecific to sex)
USPSTF: Guidelines nonspecific to sex

• Grade B recommendation in adults aged 50–59 with a ≥10 % 10-year
CVD risk who are not at increased bleeding risk, have a life expectancy
≥10 years, and are willing to take ASA for ≥10 years
• Grade C recommendation to individualize decision in adults aged
60–69 with a ≥10 % 10-year CVD risk. Patients who are not at increased
risk of bleeding, have a life expectancy ≥10 years, and are willing to
take ASA for ≥10 years may yield greater benefit
• Insufficient evidence to recommend in patients <50 or >70
(guidelines nonspecific to sex)

Secondary prevention Prevention of recurrent CVevents
in women with pre-existing CVD

AHA: Class I recommendation (guidelines specific to women)
ESC: Class I recommendation (guidelines nonspecific to sex)

Pregnancy Prevention of pre-eclampsia WHO: Strong recommendation in women at high risk for pre-eclampsia.
USPSTF: Grade B recommendation after 12 weeks of gestation in

women at high risk for pre-eclampsia
ACOG: Consider between 12 and 28 weeks of gestation in women

at high risk for pre-eclampsia.

ACOG American College Of Gynecology, AHA American Heart Association, ASA aspirin, ESC European Society of Cardiology, CV cardiovascular,
CVD cardiovascular disease, WHO World Health Organization
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dosing data, with propensity matching, no differences in mor-
tality or cardiovascular events emerged between patients tak-
ing 81 mg of aspirin as compared to 325 mg [22, 23].

Overall, aspirin remains the standard of care for secondary
prevention, andmen and women should not differ with respect
to such treatment.

Prevalence of Aspirin Use Among Women

Data consistently reveal that significantly fewer women are
taking daily aspirin for CVD prevention than warrant therapy,
especially as compared to rates of use among men. Between
2004 and 2009, only 41% of women surveyed who met AHA
guideline criteria at that time for primary prevention and 48 %
of women who met criteria for secondary prevention were
taking daily aspirin [24]. Women of minority status and those
not under physician-care were the least likely to be taking a
daily aspirin despite meeting guideline criteria. These data
were in agreement with observed rates of aspirin use in the
Women’s Health Initiative Observational Study, which report-
ed 46 % aspirin use among post-menopausal women with a
history of stable cardiovascular disease [22]. Similarly, wom-
en who were black and had Medicaid insurance were less
likely to be on aspirin therapy while those who were older
and had a college education were more likely to be taking
aspirin. In another database study of antiplatelet use among
patients with cardiovascular, cerebrovascular, or peripheral
vascular disease examining >25,000 patients between 2003
and 2004, women were significantly less likely to be on aspi-
rin as compared to men, with 34 % of women and 24 % of
men not taking aspirin [25]. A more recent survey from 2012
of >34,000 patients found that 76%with a history of coronary
disease or stroke had been advised by their physician to take
low-dose aspirin and of these patients, 88 % were adhering to
this advice [26]. As with prior analyses, women with a history
of coronary disease were significantly less likely to be taking
aspirin as compared to men (60.5 versus 73.1 %, p < 0.05).
The same was true when including patients with a history of
stroke (69.1 versus 55.3%, p < 0.05). Recently, theMinnesota
Heart survey revealed that utilization of aspirin for both pri-
mary and secondary prevention has increased steadily in both
men and women between 1980 and 2009 [27]. However, con-
sistent with prior studies, aspirin use in women was consis-
tently lower than in men with 12 versus 21 % of women
versus men receiving aspirin for primary prevention and 64
versus 74 % of women versus men receiving secondary pre-
vention aspirin between 2007 and 2009.

The underutilization of aspirin for primary prevention may
be due to uncertainty regarding its efficacy for this indication,
especially in women. For example, in a cost analysis of pri-
mary prevention aspirin in men versus women weighing mul-
tiple competing factors including the balance of preventing of

ischemic events against bleeding events, aspirin was only cost
effective for women whose 10-year cardiovascular disease
risk exceeded 15 %, while in men aspirin was cost effective
when the 10-year cardiovascular disease risk exceeded 10 %
[28]. Given that it remains unclear from the primary preven-
tion literature who should receive aspirin therapy and whether
men and women should be treated differently, the interpreta-
tion of the differential treatment of men and women for this
indication also remains unclear. However, given that the
strong recommendation for aspirin for secondary prevention
is true for both sexes, the consistent underutilization of aspirin
in women with established cardiovascular disease is
concerning and increasing both physician recommendations
for and patient adherence to aspirin therapy in both men and
women with a history of cardiovascular disease may be criti-
cal for preventing recurrent cardiovascular events, especially
in women.

Aspirin Use for Pre-eclampsia Prevention

Affecting approximately 3 to 7 % of pregnancies, pre-
eclampsia is characterized by new-onset hypertension beyond
the 20th week of gestation with proteinuria exceeding 300 mg
over 24 h or development of thrombocytopenia, liver and
renal impairment, pulmonary edema, and cerebral or visual
disturbances [29, 30•, 31]. Given that pre-eclampsia and
eclampsia account for 12 % of maternal mortality, 15 % of
pre-term births, and over a third of obstetrical complications,
there is significant interest in disease prevention [32–34].
While the pathophysiology of pre-eclampsia remains incom-
pletely understood, as a placental disorder LDA may reduce
the risk of pre-eclampsia through inhibition of thromboxane
A2 synthesis (which may be increased in women with pre-
eclampsia), enabling vasodilation and thus enhanced placental
blood flow [35]. Early use of aspirin in pregnancy may be
additionally beneficial in improving placentation, with inade-
quate trophoblastic invasion postulated as a pathophysiologic
disease mechanism [35]. Prior studies have not suggested risk
of congenital heart defects or other structural or developmen-
tal anomalies with aspirin therapy in the first trimester or an
increased risk in antenatal ductus arteriosus closure in late
pregnancy [36–39].

At present, the World Health Organization (WHO) and
USPSTF recommend initiation of aspirin for women at high
risk for developing pre-eclampsia (Table 1) [40, 41]. The
USPSTF further recommends initiation after the 12th week
of gestation in women at high risk for developing pre-eclamp-
sia, including those with a history of pre-eclampsia, chronic
hypertension, diabetes, renal disease, autoimmune diseases,
and multiple gestations [42]. The American Congress of
Obstetricians and Gynecologists (ACOG) similarly recom-
mend initiating LDA in late first trimester in women, though

74 Page 4 of 8 Curr Atheroscler Rep (2016) 18: 74



initially in a more restricted population of women: those with
a history of early-onset pre-eclampsia necessitating delivery
prior to 34 weeks of gestation and those with pre-eclampsia
complicating multiple prior pregnancies [43]. In one cost-
effectiveness analysis, the more inclusive USPTF recommen-
dations resulted in a greater degree of pre-eclampsia preven-
tion as compared to the more stringent ACOG guidelines,
though a strategy of universal LDA administration was not
compelling given the low incidence of disease overall [44].
However, ACOG recently released updated recommendations
through a practice advisory and now recommend initiation of
LDA between the 12th and 28th weeks of gestation using the
same high-risk criteria put forth by the USPSTF [45].

Significant heterogeneity exists in the outcomes of studies
examining the efficacy of LDA in reducing the risk of pre-
eclampsia. Some of this heterogeneity may be due to differ-
ences in timing of aspirin initiation (with several studies sug-
gesting that the benefit is strongest prior to 16 weeks of ges-
tation), dosing differences (with some studies employing
doses as low as 50–60 mg, which may not effectively inhibit
placental thromboxane), and differences in the risk profiles of
study participants [35]. However, meta-analyses examining
pooled data have recently suggested that LDA is efficacious
for reduction of pre-eclampsia, pre-term birth, and IUGR. In a
recent meta-analysis of 29 randomized controlled trials, LDA
reduced the risk of pre-eclampsia by 29 %, pre-term birth by
19%, and IUGR by 20%, with a greater benefit to initiation of
therapy prior to 16 weeks of gestation as compared to after
16 weeks [46•]. While these authors found an increase in the
risk of placental abruption, they did not find an increased risk
of spontaneous abortion or either antepartum or postpartum
hemorrhage. In agreement with these findings, a meta-
analysis conducted for the USPSTF reported at least a 10 %
reduction in pre-eclampsia, 20 % reduction in IUGR, and
14 % reduction in pre-term birth without an effect on fetal
intracranial bleeding or postpartum hemorrhage [32].
Similarly, another meta-analysis inclusive of 27 randomized
controlled trials found that randomization to LDA at 16 weeks
or earlier yielded a significant reduction in the incidence of
pre-eclampsia (relative risk [RR] 0.47, 95 % CI 0.34–0.65)
and IUGR (RR 0.44; 95 % CI 0.30–0.65), though treatment
after 16 weeks did not [47•]. This analysis did not find an
increase in the risk of placental abruption. Given the hetero-
geneity of randomized trial results despite promising results
from recent meta-analyses, the Aspirin for evidence-based
PREeclampsia prevention (ASPRE) study is currently being
conducted and will be the largest multicenter, double-blinded
randomized placebo-controlled trial to study the effect of
LDA on pre-eclampsia prevention using an enhanced screen-
ing approach initiated in the first trimester [48]. To help deter-
mine whether LDA may have a role in low-risk women, an
open-label randomized controlled trial examining both low-
and high-risk women is also underway and may widen the

application for aspirin therapy in pregnancy for the prevention
of pre-eclampsia [49].

As in the general population, aspirin resistance may be
prevalent in the pregnant population, with 28.7 % of women
exhibiting non-responsiveness in one study [50]. As deter-
mined by platelet function testing on whole blood using the
Platelet Function Analyzer (PFA-100®), a significant number
of non-responders to a dose of aspirin 81 mg responded to a
dose of 162 mg, suggesting that dose adjustment may have a
role in aspirin resistance during pregnancy. While prospective
studies are needed to define its role in clinical practice, a
retrospective analysis found a significant reduction in the in-
cidence of pre-eclampsia among women treated with aspirin
who were followed with PFA-100® testing versus those who
were treated with aspirin but not followed with testing (15.3
versus 30.8 %; adjusted odds ratio 0.35, 95 % CI 0.19–0.67),
as well as a reduction in the incidence of severe pre-eclampsia
(3.6 versus 15.1 %; adjusted odds ratio 0.22, 95 % CI 0.07–
0.66) [51]. While this study is hypothesis generating, whether
routine platelet function testing and dose adjustment in high
risk women has a role in general practice remains to be seen.

Given the heterogeneity of the results of studies of LDA for
pre-eclampsia prevention thus far, developing an optimal
strategy for its utilization requires further investigation.
Overall, studies suggest that LDA is safe in pregnancy both
from the standpoint of significant maternal and neonatal
bleeding events as well as fetal development. In addition, data
consistently suggest that the benefit of LDA may be greatest
when initiated early. Guideline recommendations now consis-
tently recommend LDA initiation as early as possible (ideally
after the 12th week of gestation) in women with a high-risk
profile for the development of pre-eclampsia. However, the
optimal target population, optimum point at which to initiate
therapy, and whether platelet function testing and consequent
dose escalation may improve pre-eclampsia prevention in
pregnant women is not yet known.

Conclusions

While the role of secondary prevention aspirin use is clear, its
indication for primary prevention in women requires further
investigation. Ongoing trials of aspirin for primary prevention
should aim to enroll enough women to elucidate its efficacy in
both sexes. Similarly, ongoing studies of LDA for pre-
eclampsia will hopefully shed light on better characterization
methods for defining high-risk patients, optimal timing of
therapy initiation (with evidence that earlier may be better),
andwhether lower-risk patientsmay also benefit from therapy.
Given that women with pre-eclampsia are at higher risk for
cardiovascular disease in later life, it is possible that a reduc-
tion in the incidence of pre-eclampsia will in turn translate into
the lowering of the incidence of cardiovascular disease in
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women, a question that also warrants further investigation
[52–56]. In light of the high prevalence of aspirin resistance
both among women in general as well as in pregnancy, further
study is also required to determine whether routine platelet
testing should be conducted to identify aspirin-resistant pa-
tients and whether dose escalation on the basis of such testing
improves clinically meaningful results. Finally, the role of
aspirin outside of cardiovascular disease continues to grow,
with emerging evidence suggesting a role for LDA for cancer
prevention—including prevention of breast and cervical can-
cers—which requires further investigation [57–59].

Given that cardiovascular outcomes are not improving in
women at the same rate as they are in men, improving the
diagnosis and treatment of cardiovascular disease in women
is critical. Paramount to this effort is further investigation into
the factors that result in the consistent underutilization of car-
diovascular treatments in women as compared to men, includ-
ing aspirin therapy. While some of the underutilization for
primary prevention may stem from uncertainty regarding its
efficacy for this indication, given equal efficacy in both sexes
for secondary prevention, both research and advocacy efforts
should focus on ensuring that women with a history of cardio-
vascular disease are prescribed and counseled to take aspirin
for secondary prevention, barring any contraindication to this
therapy.
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