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Background: The use of aspirin for primary prevention of cardiovascular events in men

and women remains controversial. Our study aimed to investigate the role of aspirin in

primary stroke prevention in men and women and the effect of aspirin on risk of ischemic

stroke in patients with covert cerebral small vessel disease (ccSVD).

Methods: We performed systematic searches of the PubMed, and Cochrane Library

databases, covering the period from the inception of each database to May 2021.

The incidence of any ischemic stroke (IS) or hemorrhagic stroke (HS) was the main

outcome. The incidence of stroke overall, both ischemic (IS) and hemorrhagic (HS), was

the main outcome.

Results: From 531 abstracts, 11 randomized control trials which assessed primary

prevention of cardiovascular events in men and women were included. Only one study

assessed the risk of aspirin in people with ccSVD. In women, there was significant

decrease in the risk of stroke (OR 0.85 [95% CI 0.73, 0.99], p = 0.03) and IS (OR 0.76

[0.63, 0.93], p = 0.008) with aspirin compared to placebo while no increase in the risk

of HS was found (OR 1.78 [0.61, 5.19], p = 0.29). In men, aspirin did not affect the risk

of stroke (OR 1.13 [0.97, 1.31], p = 0.12) and IS (OR 0.94 [0.67, 1.32], p = 0.72) but

increased the risk of HS with borderline statistical significance (OR 1.99 [0.99, 4.03], p =

0.05) compared to placebo. Aspirin significantly increased major bleedings in both sexes

(p < 0.05). We found no evidence to support the use of aspirin in patients with ccSVD.

Conclusion: Our meta-analysis suggests aspirin is effective in primary prevention of

stroke and IS in women with no clear increased risk of HS. However, it was associated

with an overall increased risk of bleeding. Aspirin is not recommended in ccSVD.

Keywords: aspirin, primary prevention, ischemic stroke, hemorrhagic stroke, men, women

INTRODUCTION

The use of aspirin for the primary prevention of cardiovascular events in men and women remains
controversial (1–7). The antithrombotic effect of aspirin is primarily related to the irreversible
inhibition of the enzyme cyclooxygenase in platelets resulting in a decreased production of
prostaglandins and thromboxane A2. Furthermore, aspirin reduces inflammation by forming nitric
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oxide radicals and protects endothelial cells from oxidative
stress. Sex hormones are known to have differential effects on
platelet function, with testosterone promoting platelet activity
and estrogen inhibiting (8–10).

Based on these premises, our study aimed to investigate
the role of aspirin in primary prevention in men and women.
In addition, because the risk benefit ratio of antiplatelets may
differ in people with cerebral small vessel disease, we also
explored the effect of aspirin on risk of stroke risk in people
with covert cerebral small vessel disease (ccSVD). Covert small
vessel disease was defined as: Cerebral small vessel disease (SVD)
with the presence of brain lesions found on CT or MR brain
imaging or pathology examination, thought to have resulted
from disease of the small blood vessels that perforate into
the brain, primarily affecting the white matter and deep gray
matter. The full spectrum includes covert cerebral SVD (ccSVD)
detected incidentally on neuroimaging, and SVD-related clinical
presentation with stroke, cognitive decline or dementia, mood or
physical dysfunction (11).

We performed systematic searches of the PubMed, and
Cochrane Library databases, covering the period from the
inception of each database to May 2021; the incidence of stroke,
both ischemic (IS) and hemorrhagic (HS), was themain outcome.

METHODS

Literature Search and Study Selection
A comprehensive search of Medline, EMBASE, CINAHL,
SCOPUS was performed. The search terms aspirin, stroke,
women and their corresponding Medical Subject Heading
(MeSH) terms were used. The search strategy was (((Aspirin
OR antiplatelet∗ OR dual antiplatelet therapy OR DAPT) AND
(stroke OR TIA OR CVA OR cerebrovascular accident OR
cerebrovascular apoplexy OR transient ischemic attack OR
cerebrovascular infarct∗ OR cerebrovascular embolism OR brain
ischaemia OR wind stroke OR cerebral embolism OR brain
infarct∗ OR intracranial hemorrhages) AND (womenOR females
ORmenORmale OR sex difference OR gender difference OR sex
factor∗ OR gender factor∗)).ti,ab.). The exclusion criteria were as
follows: (i) people without stroke; (ii) Intervention: no aspirin,
no antiplatelets therapy; (iii) Outcome: non-relevant outcomes;
(iv) Study designs: narrative reviews, letter to editor, case report,
commentary, or editorial.

A total of 531 abstracts were identified from different searches
and uploaded on the COVIDENCE software (Covidence
systematic review software, Veritas Health Innovation,
Melbourne, Australia). This systematic review and meta-
analysis were conducted by following the guidelines of PRISMA
(12). After removing the duplicates, 258 abstracts were screened
by title and abstract. Of these, 31 articles were selected for full text
screening and 12 articles (11 studies) published before April 2020
were selected for data extraction and meta-analysis (Figure 1
and Table 1). The selection of the abstracts and articles were
performed independently and in duplicate. The data extraction
was done by one person and checked by others. The incidence
of stroke, both ischemic and hemorrhagic, was considered the

primary outcome. Secondary outcomes were ischemic stroke,
hemorrhagic stroke, and bleeding episodes.

Data Analysis and Statistical Methods
Meta-analysis was performed using Review Manager (RevMan)
5.3 COCHRANE Collaboration software when more than one
study reported the outcome and number of subjects were ≥ 6
in each group. Odds ratio (OR) and 95% confidence intervals
(CI) for dichotomous variables were calculated. I2 statistic, an
expression of inconsistency of studies’ results and describing the
percentage of variation across studies due to heterogeneity rather
than by chance, was calculated. A high value of I2 (>50%) and p-
value <0.05 indicate statistically significant heterogeneity among
the studies for an outcome. The reasons for high heterogeneity
were explored. A random effectsmodel was used for all outcomes.
The publication bias was assessed by looking at the asymmetry of
a funnel plot. The funnel plot was generated if at least 10 studies
were included in a meta-analysis.

RESULTS

From 531 abstracts, 31 articles were selected for full text screening
and of these, 12 met the eligibility criteria and contained the
results of 11 randomized control trials (RCTs) (Table 1) (13–24).
The flowchart of the study is shown in Figure 1. In all included
studies except for WHS, both men and women were enrolled
(representation of women was 29.5–70%) and heterogenous
populations were studied. Three of the RCT compared ASA with
placebo and were published in four articles 2018 (21–24).

Another study sought to detect if aspirin reduces the risk of
ischemic stroke or increases hemorrhagic stroke risk in patients
with covert cerebral small vessel disease (25). One RCT included
patients ≥ 45 years with at least one silent brain infarct (SBI) but
no previous clinical cerebrovascular events for randomization
to aspirin 100mg or placebo. The primary endpoint was the
combined endpoint of ischemic stroke, TIA, and new silent brain
infarcts detected by MRI (25).

RCTs on Aspirin as the Primary Prevention
of Stroke
The WHS (Women’s Health Study) trial was the only trial
which included only women. In this trial 100mg of aspirin
on alternate days or placebo was prescribed to 39 876 initially
asymptomatic women 45 years of age or older, who were followed
up for 10 years for a first major vascular event (non-fatal MI,
non-fatal stroke, or cardiovascular death). Although there was
a non-significant 9% reduction (RR, 0.91; 95% CI, 0.80–1.03; P
= 0.13) in the combined primary endpoint among women, the
study found a statistically significant 17% reduction in the risk
of stroke (RR, 0.83; 95% CI, 0.69–0.99; P = 0.04) There was a
24% reduction in the risk of ischemic stroke (RR, 0.76; 95% CI,
0.63–0.93; P= 0.009) and a non-significant increase in the risk
of hemorrhagic stroke (RR, 1.24; 95% CI, 0.82–1.87; P = 0.31).
Aspirin therapy was associated with a 22% reduction in the risk of
transient ischemic attack (RR, 0.78; 95% CI, 0.64–0.94; p= 0.01).

Occurrence of gastrointestinal hemorrhage requiring
transfusion, was more frequent in the aspirin group (RR, 1.40;
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FIGURE 1 | Study flow chart. A total 531 abstracts identified through database searching (PubMed, and Cochrane Library databases), finally 11 studies (12 articles)

were included in quantitative synthesis (meta-analysis).

95% CI, 1.07–1.83; P = 0.02). The most consistent benefit for
aspirin was in women ≥ 65 years of age at study entry, among
whom the risk of major cardiovascular events was reduced
by 26% (RR, 0.74; 95% CI, 0.59–0.92; P = 0.008), including a
30% reduction in the risk of ischemic stroke (RR, 0.70; 95%
CI, 0.49–1.00; P = 0.05). However, there was no significant
benefit when the combination of IS and hemorrhagic stroke was
considered (RR, 0.78; 95% CI, 0.57–1.08; P= 0.13). Based on the
WHS results, aspirin is recommended for primary prevention for
women after consideration of the 10-year risk of cerebrovascular
disease (CVD) and of whether this and age outweigh the risk of
hemorrhage (13).

In the AAA (Aspirin for Asymptomatic Atherosclerosis)

trial 100mg aspirin once daily was compared with placebo in
men and women free of clinical cardiovascular disease and with
low (≤0.95) Ankle Brachial Index (ABI). Approximately, 70%
of trial participants (3, 350) were women. Participants were
followed up for a mean (SD) of 8.2 (1.6) years A primary

endpoint event (fatal or non-fatal coronary event or stroke or
revascularisation) occurred in 357 participants (13.5 per 1,000
person/years, 95% CI, 12.2–15.0) and no statistically significant
difference was found in event rates over time between the groups
(aspirin, 13.7; 95% CI, 11.8–15.9 vs. placebo, 13.3; 95% CI, 11.4–
15.4 events per 1 000 person/years; hazard ratio [HR], 1.03;
95%CI, 0.84–1.27) There was no difference between the groups
also for secondary endpoints: all initial vascular events defined as
a composite of a primary endpoint event or angina, intermittent
claudication, or transient ischemic attack and all-cause mortality.
The comparison of the primary endpoint by sex, age, and ABI,
found lower event rates in women than in men, but in both
groups, the difference was higher in aspirin group (men, event
rate in aspirin group 27.4 [22.2–33.5)] vs. placebo group 23.9
[19.0–29.6], 95% CI 1.15 [0.86–1.54]; women in aspirin group 8.8
[7.0–10.8] vs. placebo group 9.6 [7.7–11.7], 95% CI 0.92 [0.68–
1.23]) and in patients < 62 years of age. Although no statistically
significant effect of aspirin on major events was found, the HR
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TABLE 1 | Randomized control trials included in the meta-analysis.

Studies Included participants

WHS Asymptomatic women, 45 years of age or older

AAA Patients with a low ankle brachial index (ABI) indicating atherosclerosis, aged 55–75 years

ETDRS Patients with DM 1 and DM 2 and aged 18–70 years

JPAD Patients with DM 2

POPADAD Patients with DM and asymptomatic peripheral arterial disease, aged 40 or more years, aspirin was combined with antioxidants

JPPP Patients aged 60 to 85 years with DM, hypertension and dyslipidemia

HOT Patients allocated to a target blood pressure level and randomly assigned to aspirin or placebo group

PPP Vitamin E was added to low dose of aspirin in patients with hypertension, hypercholesterolemia, diabetes, obesity, family history of premature

myocardial infarction, or individuals who were elderly

ASCEND Patients ≥ 40 years old with DM1 and DM2 without ASCVD, randomised to aspirin 100 mg/D or placebo

ASPREE* Patients ≥ 70 years old (≥ 65 years old for Hispanic and African American patients) without life-limiting chronic illness, dementia, physical

disability or documented cardiovascular or cerebrovascular disease, randomised to aspirin 100 mg/D or placebo

ARRIVE Men ≥ 55 years and 2–4 risk factors, women aged ≥ 60 years and with ≥ 3 risk factors

WHS, Women’s Health Study; AAA, Aspirin for Asymptomatic Atherosclerosis; ETDRS, Early Treatment Diabetic Retinopathy Study; JPAD, Japanese Primary Prevention of

Atherosclerosis With Aspirin for Diabetes; POPADAD, The prevention of progression of arterial disease and diabetes; JPPP, The Japanese Primary Prevention Project; HOT, Hypertension

Optimal Treatment Trial; PPP, Primary Prevention Project; ASCEND, A Study of Cardiovascular Events in Diabetes; ASPREE, Aspirin in Reducing Events in the Elderly; ARRIVE, Use of

Aspirin to Reduce Risk of Initial Vascular Events in patients at moderate risk of cardiovascular disease. * results published in 2 articles.

and 95% CIs did not rule out the possibility of a risk reduction
of up to 16% (or an increased risk up to 27%). To achieve
this, it means that 500–600 people from the general population
would need to be screened and prescribed aspirin to prevent a
single major cardiovascular event over an 8-year period. Adverse
effects such as major hemorrhage, gastrointestinal ulcer and
fatal intracranial hemorrhage are of particular concern in the
context of screening the healthy general population and when the
absolute effects of aspirin in reducing major vascular events may
be small (14).

In the ETDRS (Early Treatment Diabetic Retinopathy

Study) trial only patients with diabetes mellitus (DM 1 and
DM2), between the ages of 18 and 70 years with different
categories of diabetic retinopathy were included, randomly
assigned to aspirin 650mg daily or placebo, and followed up for
5 years. The primary endpoint was mortality from all causes.
Among the 3,711 patients enrolled in EDTRS, 1 615 (44%) were
women and only a slightly higher relative risk for stroke was
reported for females (RR, 1.31; 99% CI, 0.71–2.39) than for males
(RR, 1.07; 99% CI, 0.63–1.83) (15).

In the JPAD (Japanese Primary Prevention of

Atherosclerosis with Aspirin for Diabetes) trial only patients
with type 2 diabetes mellitus without history of atherosclerotic
disease were enrolled. A low-dose aspirin (81–100mg) was used,
and the median follow-up duration was 4.37 years. The primary
endpoint was any atherosclerotic event, which was a composite
of sudden death; death from coronary, cerebrovascular, and
aortic causes; non-fatal acute myocardial infarction; unstable
angina; newly developed exertional angina; non-fatal ischemic
and hemorrhagic stroke; transient ischemic attack; or non-fatal
aortic and peripheral vascular disease during the follow-up
period. Overall, mean (SD) age was 65 (10) years, 44% of 2,539
patients were women. Out of a total of 154 atherosclerotic events,
68 (5.4%) were in the aspirin group and 86 (6.7%) in the non-
aspirin group (HR, 0.80; 95%CI, 0.58–1.10; log-rank test, P =

0.16) and there was no difference in occurrence of hemorrhagic
strokes (6 in the aspirin group, 7 in the non-aspirin group) There
were no significant differences between the aspirin group and
non-aspirin group in other subgroup analyses, including that
by sex (16).

In the POPADAD (The Prevention Of Progression of

Arterial Disease AndDiabetes) trial 1 276 patients (female 56%)
with DM1 and DM2 without symptomatic cardiovascular disease
aged 40 or more years were included, aspirin 100mg daily was
used with and without antioxidant and compared with placebo
alone or with antioxidant. Overall, 233 participants experienced
the composite primary endpoint, with an event rate of 2.9 per
100 patient years. No significant differences were found between
aspirin and no aspirin in the primary and secondary endpoints In
the subgroup analysis, the difference in treatment effect between
men and women was not statistically significant (men, event rate
in aspirin group 68 [23.8%] vs. placebo group 62 [22.4%], 95% CI
1.04 [0.74–1.47]; women in aspirin group 48 [13.6%] vs. placebo
group 55 [15.2%], 95% CI 0.89 [0.60–1.31]) (17).

In the JPPP (The Japanese Primary Prevention Project) trial

14 464 patients (women 58%) were aged 60 to 85 years and
presenting with DM and also hypertension and dyslipidaemia.
Low-dose aspirin (100mg) once-daily was compared with
placebo. The study was terminated prematurely owing to futility;
regression analyses indicated that the risk of a primary endpoint
event (composite death from cardiovascular causes, non-fatal
stroke and non-fatal myocardial infarction) was higher in
patients aged 70 years or older vs. those younger than 70 years
(parameter estimate, 0.92; HR, 2.51 [95%CI, 2.00–3.14]; p <

0.001) and, in terms of sex, in men vs. women (parameter
estimate, 0.34; HR, 1.41; 95% CI, 1.14–1.74; P = 0.002) (18).

In the HOT (Hypertension Optimal Treatment Trial) trial

the potential benefit of a low dose of acetylsalicylic acid in the
treatment of hypertension was studied. Overall, 18 790 patients
(male/female−53%/47%) aged 50–80 years, with hypertension
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and diastolic blood pressure between 100 and 115mm Hg (mean
105mm Hg), were included in the study and randomly assigned
to a target diastolic blood pressure. Acetylsalicylic acid 75mg/day
was used in 9 399 patients and 9 391 patients were assigned to
placebo. Primary outcomes were major cardiovascular events,
defined as all (fatal and non-fatal) myocardial infarctions, all
(fatal and non-fatal) strokes, and all other cardiovascular deaths.
Aspirin significantly (p= 0.03) reduced the major cardiovascular
events by 15%, all myocardial infarction was 36% less frequent
in the aspirin group with a significant difference (p = 0.002).
No difference in stroke incidence between patients randomized
to acetylsalicylic acid or placebo was observed. However, while
fatal bleeds (including cerebral) were equally common in the two
groups, non-fatal major bleeds were significantly more frequent
among patients receiving aspirin than in those receiving placebo
(risk ratio 1.8, p < 0.001); minor bleeds were also 1.8 times
more frequent among patients who were on aspirin. A specific
comparison of the treatment effect in men and women was
not made (19).

In the PPP (Primary Prevention Project) trial vitamin E
300 mg/day was added to low dose of Aspirin 100 mg/day
in patients with hypertension, hypercholesterolemia, diabetes,
obesity, family history of premature myocardial infarction, or
individuals who were elderly. Slightly more women (57%) out
of a total 4 495 patients were included, but a subgroup analysis
by sex was not performed. Aspirin lowered the frequency of all
the endpoints (major fatal and non-fatal cardiovascular events)
being significant for cardiovascular death (from 1.4 to 0.8%; RR,
0.56; 95% CI, 0.31–0.99) and total cardiovascular events (from
8.2 to 6.3%; RR, 0.77; 95% CI, 0.62–0.95). Severe bleedings were
more frequent in the aspirin group than in the no-aspirin group
(1.1% vs. 0.3%; p < 0.0008). Vitamin E showed no effect on any
pre-specified endpoint (20).

In the ASCEND (A Study of Cardiovascular Events in

Diabetes) trial adults who had diabetes but no evident
cardiovascular disease were randomly assigned to receive aspirin
at a dose of 100mg daily or matching placebo. The primary
efficacy outcome was the first serious vascular event (i.e.,
myocardial infarction, stroke or transient ischemic attack,
or death from any vascular cause, excluding any confirmed
intracranial hemorrhage). The primary safety outcome was the
first major bleeding event (i.e., intracranial hemorrhage, sight-
threatening bleeding event in the eye, gastrointestinal bleeding,
or other serious bleeding). Secondary outcomes included
gastrointestinal tract cancer. A total of 15 480 participants of at
least 40 years of age (female 37.5%) were randomized. During
a mean follow-up of 7.4 years, serious vascular events occurred
in a significantly lower percentage of participants in the aspirin
group than in the placebo group (658 participants [8.5%] vs.
743 [9.6%]; rate ratio, 0.88; 95% confidence interval [CI], 0.79
to 0.97; P = 0.01). In contrast, major bleeding events occurred
in 314 participants (4.1%) in the aspirin group, as compared
with 245 (3.2%) in the placebo group (rate ratio, 1.29; 95%
CI, 1.09 to 1.52; P = 0.003), with most of the excess being
gastrointestinal bleeding and other extracranial bleeding. There
was no significant difference between the aspirin group and the
placebo group in the incidence of gastrointestinal tract cancer

(157 participants [2.0%] and 158 [2.0%], respectively) or all
cancers (897 [11.6%] and 887 [11.5%]); long-term follow-up for
these outcomes is planned.

Aspirin use prevented serious vascular events in persons who
had diabetes and no evident cardiovascular disease at trial entry,
but it also caused major bleeding events. The absolute benefits
were largely counterbalanced by the bleeding hazard (21).

In the ASPREE (Aspirin in Reducing Events in the Elderly)

trial, of the 19,114 healthy persons (female 56.4%), who did not
have cardiovascular disease, dementia, or disability, of over 70
years of age who were enrolled. Of these, 9 525 were assigned
to receive 100mg of enteric-coated aspirin and 9,589 to receive
placebo. The primary composite endpoint was derived from the
first endpoint events of death, dementia, and persistent physical
disability. A total of 1 052 deaths occurred during a median of
4.7 years of follow-up. The risk of death from any cause was
12.7 events per 1,000 person-years in the aspirin group and 11.1
events per 1 000 person-years in the placebo group (HR, 1.14;
95% CI, 1.01 to 1.29). Cancer was the major contributor to the
higher mortality in the aspirin group, accounting for 1.6 excess
deaths per 1,000 person-years. Cancer-related death occurred in
3.1% of the participants in the aspirin group and in 2.3% of
those in the placebo group (hazard ratio, 1.31; 95% CI, 1.10 to
1.56) (22). The use of low-dose aspirin as a primary prevention
strategy in older adults resulted in a significantly higher risk of
major hemorrhage and did not result in a significantly lower risk
of cardiovascular disease than placebo (23). Differences between
men and women were not analyzed. In a post hoc analysis the risk
of incident dementia and cognitive decline was analyzed. There
was evidence that sex modified the association with incident
dementia (interaction P= 0.02), with increased risk in men (HR,
1.68; 95% CI, 1.19–2.39) but not women (HR, 1.01; 95% CI,
0.72–1.42) (26).

The ARRIVE (Use of Aspirin to Reduce Risk of Initial

Vascular Events in patients at moderate risk of cardiovascular

disease) trial was a randomized, double-blind, placebo-
controlled, multicentre study conducted in seven countries.
Eligible patients were aged 55 years (men) or 60 years (women)
and older and had an average cardiovascular risk, deemed to be
moderate based on the number of specific risk factors. Patients
at high risk of gastrointestinal bleeding or other bleeding, or
diabetes were excluded. The total number of patients was 12,546
patients (female 29.5%) and they were randomly assigned to
receive enteric-coated aspirin tablets (100mg) or placebo, once
daily. Median follow-up was 60 months. The primary efficacy
endpoint was a composite outcome of time to first occurrence
of cardiovascular death, myocardial infarction, unstable angina,
stroke, or transient ischemic attack. In the intention-to-treat
analysis, the primary endpoint occurred in 269 (4.29%) patients
in the aspirin group vs. 281 (4.48%) patients in the placebo
group (HR 0.96; 95% CI 0.81–1.13; p = 0.6038). There were 321
documented deaths (n = 160 [2.55%] of 6,270 patients in the
aspirin group and n=161 [2.57%] of 6,276 patients in the placebo
group; HR 0.99, 95% CI 0·80–1.24; p = 0.9459). Of these deaths,
108 patients had fatal myocardial infarction, fatal stroke, or other
vascular death (n = 49 [0.78%] in the aspirin group and n = 59
[0.94%] in the placebo group) (24). Gastrointestinal bleeding
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events occurred in <1% of patients in each group and were
predominantly mild but were more frequent for those assigned
to aspirin (HR, 2.11; 95%CI, 1.36–3.28, p= 0.0007).

From 11 trials only one RCT studied the effect of aspirin in
primary prevention in women (WHS), and based on their results
aspirin is recommended for primary prevention for women
after consideration of the 10-year risk of cerebrovascular disease
(CVD) and whether this and age outweigh the risk of hemorrhage
(13). In other studies, women were represented relatively well-
compared to men (44–70%), except the last 2 trials, where they
were underrepresented—ASCEND (37.4%) (21) and ARRIVE
(29.5%) (24), however, only in 5 trials men and women were
compared with no significant difference (14–18).

Meta-Analyses

Meta-analyses of 11 RCTs (135 641 patients) comparing aspirin
with placebo showed significant decreases (prevention) in the risk
of major cardiovascular events in women and men (Figure 2).

In women, there was significant decrease in the risk of stroke
(OR 0.85 [95% CI 0.73, 0.99], p = 0.03) (Figure 3) and ischemic
stroke (OR 0.76 [0.63, 0.93], p = 0.008) (Figure 4) with aspirin
compared to placebo and there was no significant increase in risk

of hemorrhagic stroke (OR 1.78 [0.61, 5.19], p= 0.29) (Figure 5)
with aspirin compared to placebo. Aspirin also significantly
decreased the risk of transient ischemic attack (OR 0.78 [0.64,
0.95], p= 0.01), compared to placebo, though only one study was
included in the analysis (Table 2).

In men, aspirin did not affect the risk of stroke (OR 1.13 [0.97,
1.31], p = 0.12) (Figure 3) and ischemic stroke (OR 0.94 [0.67,
1.32], p= 0.72) (Figure 4), but increased the risk of hemorrhagic
stroke with a borderline statistical significance (OR 1.99 [0.99,
4.03], p= 0.05) (Figure 5) compared to placebo (Table 2). There
were no marked effects of aspirin compared to placebo on overall
mortality and cardiovascular mortality in women and men.

Compared to placebo, aspirin significantly increased the
major bleeding in both, women (OR 1.43 [1.19, 1.72], p = 0.002)
and men (OR1.37 [1.26, 1.49], p < 0.00001) (Figure 6), while
gastrointestinal (GIT) bleeding was significantly increased only
in women (OR 1.40 [1.07, 1.83], p = 0.01) (Figure 7) taking
aspirin (Table 2).

In women, aspirin did not affect the risk of myocardial
infarction (OR 0.92 [0.77, 1.11], p = 0.38) while in men aspirin
significantly decreased this risk (OR 0.68 [0.58, 0.81], p< 0.0001)
compared to placebo (Table 2).

FIGURE 2 | Major cardiovascular events in women and men taking aspirin or placebo.
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FIGURE 3 | Stroke in women and men taking aspirin or placebo.

FIGURE 4 | Ischemic stroke in women and men taking aspirin or placebo.

Mortality was not reduced in either women or men taking
aspirin (Table 2).

In the meta-analysis of event rates in women and men taking
aspirin, the risk of major cardiovascular events (3.5% vs. 5.6%,
OR 0.59 [0.45, 0.78], p = 0.0002) (33 801 patients) in 8 RCTs
(Figure 8), mortality (4.0% vs. 5.9%, OR 0.64 [0.48, 0.86], p =

0.003) in 23 006 patients from 4 RCTs (Figure 9), and major

bleeding (2.6% vs. 3.0%, OR 0.83 [0.69, 1.00], p = 0.05) in 32
248 patients from 7 RCTs (Figure 10) (Table 3) were significantly
lower in women compared to men (Table 3). On meta-analyzing
the Hazard ratio, there was no marked effect of aspirin on
composite outcome compared to placebo in women HR 0.94
[0.83, 1.07] and men HR 0.95 [0.85, 1.05]. In addition, there was
no difference in the effect of aspirin vs. placebo in women and
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FIGURE 5 | Hemorrhagic stroke in women and men taking aspirin or placebo.

men, p= 0.95. There was no statistically significant heterogeneity
among the studies (Figure 11). The HR of major bleeding was
significantly greater in women taking aspirin, HR 1.58 [1.25,
1.99], p = 0.0001 and tend to be greater in men taking aspirin,
HR 1.21 [0.97, 1.51], though data was not statistically significant.
Compared to placebo, there was no significant difference in the
effect of aspirin in women and men on the risk of major bleeding
(p= 0.10) (Figure 12).

There were no differences in event rates between women and
men taking aspirin for stroke, ischemic stroke or hemorrhagic
stroke, cardiovascular mortality, or myocardial infarction.
For hemorrhagic stroke, stroke and systemic embolism,
cardiovascular disease and vascular event/revascularisation
there was only one RCT for each outcome, so we cannot draw
and generalize any conclusions from these results; moreover,
no differences were found between men and women in terms
of risk of hemorrhagic stroke and primary outcome in these
RCTs (Table 3).

In ASPREE the risk of cardiovascular disease was significantly
decreased in women compared to men (3.9% vs. 5.7%, OR 0.68
[0.56, 0.82], p < 0.0001) in 9 525 patients (Figure 13) and in the
ASCEND trial the risk of vascular event/revascularization was
also significantly decreased in women (9.0% vs. 11.8%, OR 0.73
[0.63, 0.86], p< 0.0001) in 7 740 of patients (Figure 14), however,
representation of women in ASCEND was only 37.4%.

Study of Aspirin on Risk of Ischemic Stroke
in Patients With Covert Cerebral Small
Vessel Disease (CcSVD)
Another study sought to detect if aspirin reduces the risk of
ischemic stroke or increases hemorrhagic stroke risk in patients
with covert cerebral small vessel disease (ccSVD). Only one RCT
included patients aged ≥ 45 years with at least one silent brain

infarct (SBI) but no previous clinical cerebrovascular events for
randomization to aspirin 100mg (36 patients) or placebo (47
patients). The primary endpoint was the combined endpoint
of ischemic stroke, TIA, and new silent brain infarcts detected
by MRI which had occurred in 9 controls (19.1%) and in two
subjects (5.6%) in the ASA group (p = 0.10) after 4 years (26).
A new stroke was observed in 1/36 (2.8%) in the ASA group
compared to 2/47 (4.3%) subjects in control group (OR 0.64
[0.06–7.38]) There were no (0/36 [0%]) deaths in the aspirin-
treated group and 1/47 (2.1%) death in the control group (O:
0.64 [0.06–7.38]) (11, 25), gastrointestinal adverse effects were
reported in 2 (5.6%) aspirin-treated patients compared to 1
(2.1%) in the control group. There was no significant difference in
the incidence of cognitive impairment between treated and non-
treated patients during the 4-year follow-up (25). The findings
should be interpreted with caution, taking into account a small
sample of the population investigated, the imbalance in the
prevalence of hypertension between the aspirin-treated patient
group (17/36 [47.2%]) and the control group (29/47 [61.7%])
(p = 0.188) and, in relation to cognitive impairment, also the
relatively young age (median of 66 years in the aspirin group
vs. 68 years in the control group) and the relatively short period
of follow-up.

DISCUSSION

In primary prevention, the role of aspirin remains controversial
and net benefit less certain for women, moreover only in five
studies women and men were compared (14–18).

In a meta-analysis of 11 trials enrolling 135 641 participants in
primary prevention with aspirin we found a significant decrease
in the risk of major cardiovascular events in both sexes with a
decreased risk of stroke and ischemic stroke in women taking
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TABLE 2 | Role of aspirin in primary prevention of stroke, major cardiovascular events, mortality, myocardial infarction (MI), and bleeding in women and men.

Outcome Incidence (%) n (N) OR [95% CI] I2 P-value

Aspirin Placebo

Major cardiovascular events

Women 2.9% 3.2% 9 (76,342) 0.90 [0.83, 0.98] 0% 0.01

Men 5.2% 5.7% 11 (63,568) 0.87 [0.81, 0.93] 0% <0.0001

Stroke

Womena 1.2% 1.4% 4 (52,957) 0.85 [0.73, 0.99] 0% 0.03

Men 1.6% 1.4% 6 (46,210) 1.13 [0.97, 1.31] 0% 0.12

Ischemic stroke

Women 0.8% 1.1% 2 (42,459) 0.76 [0.63, 0.93] 0% 0.008

Men 0.8% 0.8% 4 (34,207) 0.94 [0.67, 1.32] 28% 0.72

Hemorrhagic stroke

Women 0.3% 0.2% 2 (42,459) 1.78 [0.61, 5.19] 53% 0.29

Men 0.2% 0.1% 4 (34,207) 1.99 [0.99, 4.03] 9% 0.05

TIA

Women 0.9% 1.2% 1 (39,876) 0.78 [0.64, 0.95] NA 0.01

Men NR NR NR NR NR NR

Mortality

Women 3.4% 3.5% 5 (63,740) 0.92 [0.77, 1.10] 66% 0.37

Men 4.8% 4.7% 7 (54,541) 0.97 [0.87, 1.08] 39% 0.57

Cardiovascular mortality

Women 1.0% 1.1% 5 (53,670) 0.90 [0.74, 1.09] 15% 0.26

Men 2.2% 2.1% 7 (46,773) 0.97 [0.85, 1.10] 4% 0.64

Myocardial infarction

Women 1.2% 1.3% 4 (52,957) 0.92 [0.77, 1.11] 13% 0.38

Menb 2.2% 3.2% 6 (46,210) 0.68 [0.58, 0.81] 47% <0.0001

Vascular events/ revascularization

Women 9.0% 9.6% 1 (5,796) 0.93 [0.78, 1.11] NA 0.42

Men 11.8% 13.6% 1 (9,684) 0.85 [0.76, 0.96] NA 0.009

Coronary revascularisation

Women 2.0% 1.9% 1 (39,876) 1.04 [0.90, 1.20] NA 0.58

Men NR s NR NR NR NR

Major bleeding

Women 3.7% 2.8% 5 (67,921) 1.43 [1.19, 1.72] 52% 0.0002

Men 3.3% 2.5% 8 (84,200) 1.37 [1.26, 1.49] 0% <0.00001

GIT bleeding

Women 0.6% 0.5% 1 (39,876) 1.40 [1.07, 1.83] NA 0.01

Men 3.4% 3.2% 2 (27,156) 1.05 [0.92, 1.20] 0% 0.46

Cardiovascular outcome

Women 3.9% 3.8% 1 (10783) 1.05 [0.86, 1.28] NA 0.64

Men 5.7% 6.5% 1 (8331) 0.87 [0.73, 1.04] NA 0.14

CI, Confidence interval; GIT, Gastrointestinal; I2, Heterogeneity; MI, myocardial infarction, n, Number of studies; N, Number of patients; NA, Not applicable; NR, Not reported; p, Statistical

significance value; OR, Odds Ratio; TIA, transient ischemic attack, a: Women vs. Men (improvement of outcome with aspirin; P = 0.009); b: Men vs. Women (improvement of outcome

with aspirin; p = 0.02).

aspirin compared to placebo with no significantly increased risk
of hemorrhagic stroke.

In men, aspirin did not affect the risk of stroke and ischemic
stroke, but significantly increased the risk of hemorrhagic stroke
compared to placebo.

Compared to placebo, aspirin significantly increased major
bleeding in both, men and women, while gastrointestinal

(GIT) bleeding was significantly increased only in women
receiving aspirin.

In women, aspirin did not affect the risk of MI while in men it
significantly decreased the risk of MI compared to placebo. These
findings are consistent with other publishedmeta-analyses on the
effect of aspirin on primary stroke prevention (27–29). In meta-
analysis of 13 trials, Zheng et al. found that the use of aspirin in
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FIGURE 6 | Major bleeding in women and men taking aspirin or placebo.

FIGURE 7 | Gastrointestinal bleeding in women and men taking aspirin or placebo.

individuals without cardiovascular disease was associated with
a lower risk of cardiovascular events and with an increased
risk of major bleeding, and that the number needed to treat to
cause major bleeding was lower than number needed to treat to
prevent an ASCVD (atherosclerotic cardiovascular disease) event
(210 vs. 265) (27). Based on this, according to the authors, the
use of aspirin indicates more harm than benefit (27). This was

confirmed by a meta-analysis published by Lei et al. (28) showing
that in healthy adults and patients with cardiovascular diseases
the little protective benefit from aspirin is offset by the increased
risk of severe bleeding events (28).

Therefore, even the current guidelines recommend aspirin for,
primary prevention only with restrictions and the strength of the
recommendations is mostly weak (30).
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FIGURE 8 | Major cardiovascular events in women and men taking aspirin.

FIGURE 9 | Mortality in women and men taking aspirin.

FIGURE 10 | Major bleeding in women and men taking aspirin.

Recently published trials (ASCEND, ASPREE, ARRIVE)
were focused on the effect of aspirin in primary prevention
in three risk groups of patients, i.e., patients with diabetes
mellitus, older patients without life-limiting chronic illness,
and patients at intermediate risk of a future atherosclerotic
event (21, 22, 24). The meta-analysis of the former three
trials did not report a significant survival benefits with
aspirin in primary prevention (risk ratio, 0.98; 95% CI,
0.93–1.02, p = 0.30) and confirmed the increased risk

of major bleeding (risk ratio, 1.47; 95% CI, 1.31–1.65;
p < 0.0001 (29).

The effect of aspirin in primary prevention in women was
specifically addressed by only one RCT (WHS) and similarly
only 1 meta-analysis (from 2006) was focused on determining if
the benefits and risks of the treatment with aspirin in primary
prevention of cardiovascular disease vary by sex (31). Based
on WHS trial, the most consistent benefit for aspirin was in
women ≥ 65 years of age at study entry (14). According to a
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TABLE 3 | Role of aspirin in primary prevention of MACE, stroke, mortality, and bleeding in Women compared with Men.

Outcome Incidence (%) n (N) OR [95% CI] I2 P-value

Women Men

Major cardiovascular events 3.5% 5.6% 8 (33,801) 0.59 [0.45, 0.78] 84% 0.0002

Stroke 1.5% 2.1% 3 (13,481) 0.74 [0.48, 1.14] 53% 0.17

Ischemic stroke 2.4% 2.0% 2 (5, 017) 0.96 [0.25, 3.73] 84% 0.96

Hemorrhagic stroke 0.6% 0.2% 1 (2,226) 2.99 [0.63, 14.09] NA 0.17

Mortality 4.0% 5.9% 4 (23, 006) 0.64 [0.48, 0.86] 78% 0.003

Cardiovascular mortality 2.3% 2.9% 4 (14,119) 0.71 [0.44, 1.12] 72% 0.14

Myocardial infarction 1.8% 2.2% 3 (13,481) 0.77 [0.45, 1.32] 70% 0.35

Major bleeding 2.6% 3.0% 7 (32,248) 0.83 [0.69, 1.00] 26% 0.05

Major and clinically relevant bleeding 4.9% 4.5% 2(2,873) 1.19 [0.58, 2.44] 47% 0.64

Intracranial bleeding 0.6% 0.4% 2(2,873) 1.28 [0.45, 3.60] 0% 0.64

Stroke and systemic embolism 5.5% 3.0% 1(2,791) 1.85 [1.26, 2.70] NA 0.002

Primary outcome 9.5% 10.1% 1(488) 0.93 [0.51, 1.70] NA 0.82

Cardiovascular disease 3.9% 5.7% 1 (9,525) 0.68 [0.56, 0.82] NA <0.0001

Vascular event/Revascularization 9.0% 11.8% 1 (7,740) 0.73 [0.63, 0.86] NA <0.0001

CI, Confidence interval; I2, Heterogeneity; n, Number of studies; N, Number of patients; NA, Not applicable; p, Statistical significance value; OR, Odds Ratio; Primary outcome: Fatal or

non-fatal disabling stroke (ischemic or hemorrhagic), intracranial haemorrhage, or clinically significant arterial embolism.

FIGURE 11 | Hazard ratio of composite outcome women and men taking aspirin.

meta-analysis, for both women andmen, aspirin therapy reduced
the risk of a composite of cardiovascular events due to its
effect on reducing the risk of ischemic stroke in women and
MI in men and significantly increased the risk of bleeding to
a similar degree among women and men. When the benefits
and risks for women were compared, the average absolute
benefit in women receiving aspirin therapy was∼2 stroke events

per 1,000 women treated and the risk of major bleeding was
2.5 per 1,000 treated women (31). The Southern Community
Cohort Study analyzed low-dose aspirin in primary prevention
by race/ethnicity and found decreased risk of ischemic cardiac
death in white participants, especially women. The history of
peptic ulcer was not associated with low-dose aspirin, whereas
it was associated to the concomitant use of NSAIDs (32).
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FIGURE 12 | Hazard ratio of major bleeding in women and men taking aspirin.

FIGURE 13 | Cardiovascular disease in women and men taking aspirin.

FIGURE 14 | Vascular event/Revascularization in women and men taking aspirin.

According the American Heart Association Effectiveness-
Based Guidelines for Prevention of cardiovascular Disease
in Women-2011 Update: (i) aspirin (75–325mg) is deemed
reasonable to be used in women with diabetes mellitus without
known CVD unless contraindicated; (ii) aspirin therapy can be
useful in women ≥ 65 years of age without known CVD (81
mg/d or 100mg every other day) if blood pressure is controlled
and the benefit for ischemic stroke and myocardial infarction
prevention is likely to outweigh risk of gastrointestinal bleeding
and hemorrhagic stroke; iii) aspirin (81 mg/d or 100mg every
other day) may be reasonable for ischemic stroke prevention in
women aged < 65 years without known CVD (1).

In our meta-analysis on the role of aspirin in primary
prevention in men and women, we found that the risk of

major cardiovascular events, mortality and major bleeding were
significantly lower in women compared to men.

There were no marked differences between women and
men taking aspirin regarding the risk of stroke, ischemic
stroke or hemorrhagic stroke, cardiovascular mortality, or
myocardial infarction. However, for hemorrhagic stroke, stroke
and systemic embolism, primary outcome, cardiovascular disease
and vascular event/revascularisation there was only one RCT for
each outcome.

In the ASPREE trial, in patients aged > 75 years the risk
of cardiovascular disease was significantly decreased in women
compared to men. This confirmed the results from the WHS
trial, where the most consistent benefit for aspirin was in women
≥ 65 years of age at study entry, among whom the risk of
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major cardiovascular events was reduced by 26% (20). In the
ASCEND trial the risk of vascular event/revascularisation was
also significantly decreased in women but representation of
women in ASCEND was only 37.4% (21).

Although we have found significant decreases in the primary
prevention of the risk of major cardiovascular events in both
women and men and in women a decreased risk of stroke
and ischemic stroke with aspirin compared to placebo with no
significantly increased risk of hemorrhagic stroke, it is apparent
that this benefit is associated with an overall increased risk
of bleeding. Indeed, aspirin significantly increased the major
bleeding in both men and women. In contrast, gastrointestinal
(GIT) bleeding was significantly increased only in women treated
with aspirin.

Some works reported that co-prescription of aspirin with a
proton pump inhibitor (PPI) might limit the risk of significant
gastrointestinal bleeding; the use of PPIs was inconsistently
reported in most of the studies and this strategy has not been
adequately tested in RCTs (27). Therefore, we do not have
sufficient evidence to recommend a concomitant treatment with
PPI to reduce the risk of bleeding.

With regards to patient care, it should be considered that
most of the cited trials were conducted in an era where
pharmacological preventive measures available nowadays were
less widespread (e.g., lipid lowering therapies). Therefore, the
results of these aspirin trials, which showed minimal benefits
and consistent bleeding risks, should be considered alongside
the results of statin trials (33), recommendations for blood
pressure control (34) and treatment of diabetes mellitus (35). In
primary prevention trials, the use of statins was associated with
a decreased risk of major vascular events (36). This statistically
and clinically relevant benefit was associated with a favorable
safety profile, in particular, it was not associated with the bleeding
complications observed with aspirin (33). Given the increased
cardiovascular risk, all patients with DM require aggressive risk
factor reduction. In primary prevention, a combination of tight

controls of blood pressure, lipids and diabetes is certainly crucial.
However, studies have consistently shown that women are
underdiagnosed and undertreated compared with men (37, 38).
Furthermore, women with DM have poorer blood pressure, lipid
and DM control compared with their male counterparts (35, 39).

We found no evidence to support the use of aspirin in patients
with ccSVD which is in line with the ESO guideline on covert
cerebral small vessel disease published in 2021 (25), where, given
the low quality of evidence, only Expert Consensus Statement was
formulated as follows: (i) Most group members advised against
the use of antiplatelet drugs to prevent clinical outcomes in
subjects with ccSVD when no other indication for this treatment
exists; (ii) with current available knowledge, the use of antiplatelet
drugs to prevent progression of cerebral SVD may be harmful
in older patients (from around ≥ 70 years of age) if no other
indication for this treatment exists (11).

CONCLUSION

In both women and men aspirin reduced the risk of major
cardiovascular events and in women it decreased the risk of
stroke and ischemic stroke with no significantly increased risk of
hemorrhagic stroke.

In men, aspirin did not affect the risk of stroke and ischemic
stroke but significantly increased the risk of hemorrhagic stroke
compared to placebo. Aspirin increased the risk ofmajor bleeding
in both women and men, while gastrointestinal bleeding was
significantly increased only in women treated with aspirin.

Based on the current ESO guidelines, aspirin is not
recommended in covert cerebral small vessel disease.
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