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RESEARCH

Aspirin “resistance” and risk of cardiovascular morbidity:
systematic review and meta-analysis

George Krasopoulos, cardiovascular surgery fellow,1 Stephanie J Brister, associate professor,1

W Scott Beattie, R Fraser Elliot chair in cardiac anaesthesia,2 Michael R Buchanan, professor3

ABSTRACT

Objective To determine if there is a relation between

aspirin “resistance” and clinical outcomes in patients with

cardiovascular disease.

Design Systematic review and meta-analysis.

Data source Electronic literature search without language

restrictions of four databases and hand search of

bibliographies for other relevant articles.

Review methods Inclusion criteria included a test for

platelet responsiveness and clinical outcomes. Aspirin

resistance was assessed, using a variety of platelet

function assays.

Results 20 studies totalling 2930 patients with

cardiovascular diseasewere identified.Most studiesused

aspirin regimens, ranging from 75-325 mg daily, and six

studies included adjunct antiplatelet therapy.

Compliance was confirmed directly in 14 studies and by

telephone or interviews in three. Information was

insufficient toassess compliance in threestudies.Overall,

810 patients (28%) were classified as aspirin resistant. A

cardiovascular related event occurred in 41% of patients

(odds ratio 3.85, 95% confidence interval 3.08 to 4.80),

death in5.7%(5.99,2.28 to15.72), andanacutecoronary

syndrome in 39.4% (4.06, 2.96 to 5.56). Aspirin resistant

patients did not benefit from other antiplatelet treatment.

Conclusion Patients who are resistant to aspirin are at a

greater risk of clinically important cardiovascular

morbidity long term than patients who are sensitive to

aspirin.

INTRODUCTION

There is no debate that long term aspirin use attenuates
the risks of myocardial infarction, stroke, and vascular
related deaths in patients with cardiovascular disease,1

but a significant number of patients prescribed aspirin
as antithrombotic therapyhavemajor adverse vascular
related events each year.2 Consequently other anti-
platelet agents in addition to aspirin have been
prescribed for certain patients.w16-w20

The major controversy about aspirin therapy is why
particular patients do not benefit from such therapy
andhow theymight be identified. It has been suggested
that some patients require a higher dose of aspirin than
is normally recommended to achieve the expected
antiplatelet effect—for example, inhibition of platelet

function or inhibition of platelet thromboxane A2

synthesis.3-6w10 It is unclear whether these patients
simply receive too low an aspirin dose, are not
compliant, have differing abilities to absorb aspirin,
or have an underlying genetic disposition that renders
aspirin ineffective.2 7-11 Such patients have been
labelled aspirin “resistant”—that is, their platelets are
not affected in the same way or are affected differently
from the platelets of those who seem to benefit from
aspirin therapy (aspirin “sensitive” patients with no
subsequent adverse cardiovascular event).12-17w1 w4-w9

w11-w13 Little consistency exists about which measure
should be used to identify patients who seem resistant
to aspirin.12-17w1 w4-w9 w11-w13 Also, few studies have
assessed the effect of aspirin resistance on clinically
important outcomes.
We systematically reviewed studies of aspirin

resistance and its effect on adverse cardiovascular
outcomes. We hypothesised that aspirin resistance is
real and is clinically relevant—that is, it significantly
affects the risk of cardiovascular, cerebrovascular, and
vascular related events.11w6

METHODS

Using no language restrictions we systematically
searched for studies on antiplatelet therapy from
1966 to the present through Medline, Embase,
CHINAHL, and the Cochrane Controlled Trials
Registry. We used the search terms “acetylsalicylic
acid”, “aspirin”, “antiplatelet”, “antiplatelets”, “plate-
lets”, “drug resistance”, “aspirin resistance”, and
“platelet resistance”. The initial search identified
36 573 papers. When we refined our search to aspirin
resistance the number of papers was reduced to 320,
and 210 remained when we further refined the search
to aspirin resistance and clinical outcome. An expert
hand searched and reviewed citations within these 210
key papers.We reviewed 268 abstracts for evidence of
data related to aspirin resistance and its relation to
clinical outcome. We excluded papers that did not
contain adirectmeasureof platelet functionor anydata
on clinical outcome in relation to aspirin resistance.
Overallwe independently reviewed57papers indetail.
Twenty papersmet the inclusion criteria.w2 w3 w10-w13 w14-

w20 Figure 1 shows the flow of papers through the trial.
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Weeach reviewed and tabulated the data fromevery
paper. When possible we approached the original
authors to verify our interpretation of their data. Data
that had been confirmed for accuracy were then
analysed using Review Manager 4.2.8 for meta-
analysis.

Inclusion and exclusion criteria

We included studies that met the following criteria: (a)
participants were receiving aspirin therapy as an
antithrombotic; (b) participants were classified pro-
spectively as aspirin sensitive or aspirin resistant before
the ascertainment of any clinical outcome, or were
grouped on the basis of clinical outcome and then
classified for aspirin status (weconsideredpatients tobe
aspirin sensitive if their platelets respondedas expected
to aspirin treatment, and platelet function, however
measured,was inhibited, andwe considered patients to
be aspirin resistant if their agonist induced platelet
response was not inhibited by aspirin as expected); (c)
there was adequate allocation concealment such that
investigators were blinded to the patients’ aspirin
sensitive and aspirin resistant status; (d) a measure of
prospective clinical outcome was used in both groups
of patients; and (e) patients receiving other antiplatelet
treatment were also included. (The expectation was
that there would be an attenuation of the rate of any
adverse effects associated with aspirin resistance in the
presence of a second platelet inhibitor, given the
perceived rationale for prescribing the second anti-
platelet agent. Alternatively, if no attenuation of any
adverse events occurred in the presence of a second
platelet inhibitor, this could possibly reflect a lack of
any benefit of the second platelet inhibitor.)
The 37 studies that we excluded did not assess an

agonist induced platelet response to ascertain patients’
aspirin resistance status, or lacked an assessment of the
relation between aspirin resistance and clinical mor-
bidity or mortality. This included any study that
measured only thromboxane A2 (thromboxane B2)
levels,8 because inhibition of thromboxane B2 synth-
esis could simply reflect a measure of patient com-
pliance.

We considered several platelet function assays
acceptable for inclusion: whole blood platelet function
tests, such as the platelet function analyser 100 test
(DadeBehring,Deerfield, IL,USA); light transmission
platelet richplasmaplatelet function tests; andbleeding
time as a function of platelet haemostasis. The platelet
function analyser 100 test is thought to measure shear
stress induced platelet activation—that is, adherence to
and occlusion of a membrane coated with a platelet
agonist in vitro. Light transmission aggregometry
measures the increase in light transmitted through a
suspension of platelet rich plasma exposed to various
agonists. The Surgicutt II (ITC Commercial Group,
Edison, NJ, USA) is thought to measure platelet
dependent haemostasis. None of these assays were
weighted differently from one another from the
perspective of one test being better than another in
identifying aspirin resistance, particularly as no con-
sensus on this has been reached.18

Outcome measures

The papers reported on four primary outcomes: any
cardiovascular or cerebrovascular event (for example,
fatal or non-fatal myocardial infarction, stroke, vascu-
lar related event); death; acute coronary syndromes
(for example, non-ST segment elevation myocardial
infarction, ST elevation myocardial infarction,
unstable angina); and failure of vascular interventions
(vein failure or reocclusion, revascularisation, and
vascular restenosis).

Data collection and analysis

We collected personal and clinical outcome data from
the included studies. Before analysis we confirmed the
accuracy of the data. We rechecked any disparate data
and corrected accordingly.When possible we contacted
oneof theoriginalauthorsbyemail toverify theaccuracy
of their data and the interpretation of their results by the
current investigators. Nurses fluent in Chinese orCzech
translated the two foreign language studies.w4 w20

Statistical analysis

We present the results as odds ratios with 95%
confidence intervals. We considered a two tailed P
value of less than 0.05 as significant. Calculations were
done using the fixed effects model. Heterogeneity was
assessed using the Q test (a search being initiated by a
heterogeneity >50%). Finally, we determined the
robustness of our findings by removing the most
positive studies one at a time. Planned sensitivity
analyses were assessment of the platelet function
assays, dose of aspirin, and the inclusion of another
platelet inhibitor.We used a computer assisted S-plus/
R function to fitmeta-analyticmixed randomand fixed
effects models to do a metaregression analysis of any
dose response.19 Potential publication bias was
assessed by a funnel plot, and we used an Egger’s
regression test to assess any dose related effect.20 We
used the checklist recommended by the meta-analysis
of observational studies in epidemiology group.21

Potential relevant studies identified by 
electronic and manual searches (n=320)

Potential studies retrieved for
complete evaluation (n=57)

Selected studies included
for meta-analysis (n=20)

Trial excluded by screening of
titles and abstracts (n=268)

Trials excluded for not meeting
inclusion criteria (n=37)

Fig 1 Flow of papers through review process
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Table 1 | Characteristics of included studies

Study
Design;
quality*

Patient
population

No of
patients

Aspirin
(mg/d)

Adjunct
antiplatelet
therapy Compliance

No of patients
aspirin resistant;
No of patients

aspirin sensitive Assay
Outcome
measures

Borna et al 2005w1 Cohort; A Acute coronary

syndrome

64 75-320 — Verbal 20; 44 Platelet function

analyser 100

Acute coronary

syndrome

Cotter et al 2004w2 Cohort; A Post

myocardial

infarction

61 100 — Baseline: aspirin in

hospital

9; 52 Platelet

aggregation†

Cardiovascular or

cerebrovascular

events‡

Grundmann et al

2003w3
Cohort; A Cardiovascular

disease or

stroke

53 100 — ? 12; 41 Platelet function

analyser 100

New strokes

Stejskal et alw4 Cohort; A Acute coronary

syndrome

103 100 — ? 73; 30 Platelet

aggregation†

Acute coronary

syndrome

Andersen et al

2003w5
Prospective

randomised

controlled; A

Post

myocardial

infarction

71 160 — Repeat measures 25; 46 Platelet function

analyser 100

Cardiovascular or

cerebrovascular

events‡

Buchanan et al

2000w6
Multicentre

prospective

descriptive;

A

Post coronary

artery bypass

grafting

289 325 — Baseline: aspirin in

hospital

158; 131 Serum thromboxane

B2 level, bleeding

time§

Cardiovascular or

cerebrovascular

events‡

Gum et al 2003w7 Cohort; A Cardiovascular

disease

326 325 — Verbal 17; 309 Platelet

aggregation†

Cardiovascular or

cerebrovascular

events‡

Hobikoglu et al

2005w8
Cohort; A Acute coronary

syndrome

204 100-300 — Baseline: aspirin in

hospital

69; 135 Platelet function

analyser 100

Cardiovascular or

cerebrovascular

events‡

McCabe et al 2005w9 Multicentre

cohort; A

Cerebrovascu-

lar

47 75-300 — Verbal 22; 25 Platelet function

analyser 100

Cardiovascular or

cerebrovascular

events‡

Meuller et al 1997w10 Cohort; D Peripheral

vascular

disease

96 100 — Baseline: aspirin in

hospital

41; 55 Whole blood

aggregometry

Vascular

occlusion or

deterioration

Poston et al 2006w11 Cohort; A Post coronary

artery bypass

grafting

225 325 — Baseline: aspirin in

hospital

49; 176 TEG, whole blood

aggregometry,

thromboxane B2

Graft failure

Yilmaz et al 2005w12 Prospective

case-

control; A

Post coronary

artery bypass

grafting

28 100-325 — Baseline: aspirin in

hospital

8; 20 Platelet function

analyser 100

Graft failure

Grotemeyer et alw13 Cohort; A Stroke 174 1500 — Baseline: aspirin in

hospital

60; 114 Platelet adhesion Cardiovascular or

cerebrovascular

events‡

Parmukcu et al

2007w14
Cohort; D Coronary

artery disease

234 100-300 — ? 52; 182 Platelet function

analyser 100

Cardiovascular or

cerebrovascular

events‡

Berrouschot et al

2006w15
Cohort; A Stroke 240 300 Aspirin plus

clopidogrel for

aspirin resistant

patients

Baseline: aspirin in

hospital

30; 210 Platelet

aggregation†

New strokes

Chen et al 2005w16 Cohort; A Percutaneous

coronary

intervention

151 80-320 Aspirin plus

clopidogrel

Baseline: aspirin in

hospital

29; 122 Ultegra Acute coronary

syndrome

Chen et al 2004w17 Cohort; A Percutaneous

coronary

intervention

117 80-320 Aspirin plus

clopidogrel

Baseline: aspirin in

hospital

22; 95 VerifyNow Acute coronary

syndrome

Faraday et al 2004w18 Cohort; A Acute coronary

syndrome

30 325 Aspirin plus

clopidogrel and

tirofiban

Baseline: aspirin in

hospital

2; 28 Platelet

aggregation†

Acute coronary

syndrome

Gurbel et al 2003w19 Cohort; A Percutaneous

coronary

intervention

191 81-325 Aspirin plus

clopidogrel and

glycoprotein

IIb/IIIa

Baseline: aspirin in

hospital

45; 146 TEG Cardiovascular or

cerebrovascular

events‡

Zhang et al 2005w20 Cohort; D Percutaneous

coronary

intervention

256 100 Plus clopidogrel Baseline: aspirin in

hospital

67; 189 Platelet

aggregation†

Acute coronary

syndrome

*Risk of bias: from A (low) to D (insufficient information for assessment of bias).

†Laboratory specific platelet aggregation assays, using stimuli such as arachidonic acid, adenosine diphosphate, or collagen.

‡Fatal or non-fatal events.

§Bleeding time using Surgicutt II.
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RESULTS

The systematic search identified 20 studies, totalling
2930 patients with cardiovascular disease (17 cohort
studies; one multicentre, descriptive study; and two
case-control studies). The studies included only pro-
spectively collecteddataonavarietyofvascular related
diseases: previous stroke (414patients), acute coronary
syndrome (n=401), myocardial infarction (n=132),
coronary arterial bypass grafting (n=542), percuta-
neous coronary intervention (n=715), stable cardio-
vascular disease (n=760), and peripheral vascular
disease (n=96; table 1). All but three of the studies
were assessed as of A quality (low risk of bias). In the
three studies incomplete reporting prevented the
ascertainment of risk of underlying bias.w10 w14 w20

These studies were small, however, and their inclusion
or exclusion was unlikely to significantly affect overall
reporting. No studies were of a prospective, rando-
mised clinical design (with or without placebo con-
trols).

Thirteen studies reported on aspirin only as anti-
platelet therapy, with daily doses ranging from 75-
325 mg; one study used a daily dose of 500 mg three
times daily, and six studies included a loading dose of
clopidogrel (Plavix) or another antiplatelet inhibitor
tirofibanhydrochloride, orboth, as adjunct therapy.w15-
w20 Compliance was assessed by the primary study
investigator in 17 of the 20 studies.

A variety of assays were used to assess patients’
aspirin status. These included measuring serum
thromboxane A2 in relation to platelet haemostasis,w6

a platelet or collagen adhesion assay,w13 platelet rich
plasma aggregometry,w2 w4 w7 w15 w18 w20 whole blood
platelet aggregometry, such as the platelet function
analyser 100 test,w1 w3 w5 w8 w9 w12 w14 or some combina-
tion or modification thereof.w10 w13 w16 w17 w19 Table 1
summarises the characteristics of the included studies.
Overall, 2120 of the 2930 patients were classified as

aspirin sensitive and the remaining810 (28%) as aspirin
resistant. Aspirin resistance was less prevalent in men
than in women and higher in patients with previous
renal impairment (P<0.001 and P<0.03). No other
differences in the clinical and personal characteristics
between aspirin resistant and aspirin sensitive patients
were apparent (table 2).
All aspirin resistant patients, regardless of under-

lying clinical symptoms, were at a greater risk of death,
acute coronary syndrome, failure in vascular inter-
vention, or a new cerebrovascular event (table 3): 39%
of aspirin resistant patients compared with 16% of
aspirin sensitive patients had a cardiovascular event
(odds ratio 3.85, 95% confidence interval 3.08 to 4.80;
P<0.001, fig 2). The odds ratios for increased acute
coronary syndrome, graft failure, or a new cerebro-
vascular eventwere4.06, 4.35, and3.78.Moreover, the
odds ratio for increased mortality in aspirin resistant
patients was 5.99 (2.28 to 15.72; P<0.003).

Grotemeyer et alw13

McCabe et alw9

Mueller et alw10

Buchanan et alw6

Andersen et alw5

Grundmann et alw3

Gum et alw7

Chen et alw16

Cotter et alw2

Faraday et alw18

Stejskal et alw4

Borna  et alw1

Chen et alw17

Gurbel et alw19

Hobikoglu et alw8

Yilmaz et alw12

Zhang et alw20

Berrouschot et alw15

Poston et alw11

Pamukcu et alw14

Total (95% CI)

Test for heterogeneity: 

χ2=60.69, df=19,  P<0.001, I2=68.7%

Test for overall effect: z=11.93, P<0.001

Study

24/60

2/22

8/41

15/158

9/25

12/12

4/17

19/29

1/9

1/2

61/73

17/20

10/22

27/45

42/69

7/8

41/67

1/30

7/49

8/52

810

No with event/
No of aspirin

resistant 
patients

No with event/
No of aspirin

sensitive 
patients

5/114

1//25

0/55

9/131

11/46

23/41

30/309

47/122

3/52

1/28

1/30

15/44

17/95

11/146

62/135

7/20

67/189

8/210

9/146

20/182

2120

2.65

1.09

0.44

11.41

6.35

0.55

3.06

7.97

1.01

0.09

0.30

1.80

4.47

2.66

21.02

0.64

17.43

2.48

4.97

9.63

100.00

Weight
(%)

14.53 (5.16 to 40.89)

2.40 (0.20 to 28.45)

28.16 (1.57 to 503.85)

1.42 (0.60 to 3.36)

1.79 (0.62 to 5.17)

19.68 (1.09 to 354.69)

2.86 (0.88 to 9.33)

3.03 (1.30 to 7.08)

2.04 (0.19 to 22.13)

27.00 (0.89 to 821.79)

142.42 (18.28 to 1188.69)

10.96 (2.77 to 43.40)

3.82 (1.42 to 10.29)

18.41 (7.82 to 43.35)

1.83 (1.02 to 3.30)

13.00 (1.32 to 128.11)

2.87 (1.62 to 5.10)

0.87 (0.11 to 7.22)

2.54 (0.89 to 7.22)

1.47 (0.61 to 3.57)

3.85 (3.08 to 4.80)

Odds ratio (fixed)
(95% CI)

Odds ratio (fixed)
(95% CI)

0.1 0.2 0.5 1 2 5 10

Decreased risk Increased risk

Fig 2 Risk of any cardiovascular event in aspirin resistant patients
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In the results for cardiovascular outcome the overall
heterogeneity was 68.3%. Most of the heterogeneity
(50.3%) was contributed to by the eight studies that
used the whole blood platelet function analyser 100
test; 33% of those patients were identified as aspirin
resistant (2.94, 1.88 to 4.55; P=0.00001). In contrast,
heterogeneity was 0% in the seven studies that used a
platelet rich plasma aggregation assay; only 16% of
patients were identified as aspirin resistant, and these
patients had a higher odds ratio (3.85, 2.5 to 5.88;
P<0.001).

Datawere insufficient to assess the effect of thewhole
blood aggregometry assays TEG (Haemoscope, Niles,
IL, USA) and VerifyNow (Accumetrics, San Diego,
CA, USA) and bleeding time assays on overall
heterogeneity.

In the planned sensitivity analysis no evidence was
found of a dose-response relation between aspirin
resistance and any cardiovascular outcome in those
patients who received aspirin alone or who received a
second antiplatelet treatment (table 3, fig 3). Thus the
overall odds ratio was 3.28 (95% confidence interval
2.39 to 4.49, P<0.001), but no relation was found
between dose and adverse outcome measures
(R2=0.0046; fig 4). Moreover, concomitant therapy
with clopidogrel or tirofiban (an inhibitor of platelet
glycoprotein IIb/IIIa), or both, provided no benefit to
those patients identified as aspirin resistant (aspirin and
clopidogrel, 3.06, 1.99 to 4.70; aspirin alone, 2.52, 1.79
to 3.56; fig 3).

A funnel plot indicated an absence of published data
of small studies and negative results—that is, no studies
reported no adverse effect in aspirin resistant patients
(lower left quadrant in figure 5). Little evidence was,
however, found of publication bias using the classic

funnel plot (fig 5) or a Macaskill 22 modification (not
shown).

DISCUSSION

Meta-analysis showed that patients who are “resistant”
to aspirin are at greater risk of clinically important
adverse cardiovascular events, regardless of the assay
used tomeasure aspirin resistance.Not only did aspirin
resistance have an effect on clinical outcome but this
risk was not ameliorated by currently used adjunct
antiplatelet therapies.
Patients who were classified as aspirin resistant were

at about a fourfold increased risk of non-fatal and fatal
cardiovascular, cerebrovascular, or vascular events
while takingaspirin than their aspirin sensitive counter-
parts. This risk can be generalised to a wide variety of
patient populations with cardiovascular or cerebro-
vascular disease.

Putting our study into context

The concept of aspirin resistance has been debated
since the 1980s,2 4 9-11w1321 but discussions in the recent
literature have focused on reasons why aspirin
resistance is probably a misnomer, and to which little
clinical relevance can be attached.2 11 More recently,
however, interest has been renewed in aspirin resis-
tance, which has focused primarily on identifying the
platelet related assay that best reflects the
phenomenon.2 11 18 23-26 To date this issue has not been
resolved. Few studies have tackled thematter of aspirin
resistanceand its impactonclinical outcome.Given the
lackof resolutionof a suitableassayand the limited size,
number, and applicability of individual studies, we
carried out a systematic review andmeta-analysis of all
available studies from 1960 to the present to under-
stand better the relation between aspirin resistance and

Table 2 | Characteristics of includedpatients

Characteristic

Aspirin
resistant
patients

Aspirin
sensitive
patients

Heterogeneity
(%) Odds ratio (95% CI) P value

No of studies
(n=20)

No of patients
(n=2930)

Mean (SD) age
(years)

62.2 (10.1) 62.7 (11.3) 0 0.51 (−0.82 to 1.84) 0.45 7 1554

No (%) of men (71.4) (79.5) — 2.08 (1.54 to 2.82) 0.001 7 1554

Hypertension 202/397 507/854 0 1.07 (0.80 to 1.44) 0.65 6 1251

Diabetes 106/414 334/4460 64.5 0.91 (0.68 to 1.21) 0.51 7 1554

Dyslipidaemia 158/278 292/483 0 0.98 (0.71 to 1.36) 0.91 4 761

Smoking 178/444 337/1190 48.3 0.75 (0.54 to 1.04) 0.08 7 1634

Clinical history:

Acute coronary
syndrome

48/206 260/878 48.5 1.08 (0.73 to 1.60) 0.7 7 1084

Stable angina 145/212 412/587 47.9 0.95 (0.66 to 1.37) 0.78 5 799

Surgery 173/183 262/460 NE 1.25 (0.46 to 3.37) 0.86 3 643

Percutaneous
coronary
intervention

4/17 105/309 NE 0.6 (0.19 to 1.88) 0.38 1 326

Renal impairment 11/51 22/217 0 2.44 (1.09 to 5.44) 0.03 2 268

Cerebrovascular
event

113/129 365/659 NE 1.23 (0.15 to 9.86) 0.85 4 788

NE=not estimable.
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clinical outcome, regardless of the assay used to
identify patients as aspirin resistant.
We thought that the pooling of data from studies

usingavarietyof assays foraspirin resistancewasbotha
limitation and a strength of our study. Specifically, we
rationalised that if any or all of the assays were
unreliable or inaccurate in identifying patients with
aspirin resistance, then any real aspirin resistant effect
on clinical outcome would be undetectable. If, how-
ever, most or all of the assays did reflect some rationale
and some degree of validity and sensitivity, albeit
variable, then any real impact of aspirin resistance on
clinical outcome should be apparent. This inter-
pretation seemed more logical to us, since we would
expect thatmost, if not all, investigators had considered
their particular assay in good faith and with a scientific
basis.

The findings of a recent review and meta-analysis of
laboratory testing for aspirin resistance and clinical
outcome27 are consistentwith those of our study.These
investigators reported on 15 studies, 10 of which
overlapped with our findings, and another three that
were related to pilot or follow-up studies cited by us.
Despite any discrepancy in the number of papers, the
recent view also concluded that aspirin resistant
patients “exhibit significantly higher risks of recurrent
cardiovascular events compared with patients identi-
fied as (laboratory) aspirin sensitive.27

Platelet inhibitors such as clopidogrel and tirofiban
did not provide any benefit to aspirin resistant patients.
The relative effectiveness of these newer antiplatelet
agents compared with aspirin has been established
when their effectiveness was compared with that of
aspirin alone in aspirin treated patients. For example,

Grotemeyer et alw13
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the Aspirin Trialists’ Collaboration1 suggested that
when used as an antiplatelet agent aspirin provides an
overall 25% risk reduction.These investigators did not,
however, consider aspirin resistance and how it might
influence overall risk reduction. When the data
reported by the Aspirin Trialists’ Collaboration are
reassessedwith an aspirin resistanceodds ratio factored
in, the risk reduction in aspirin sensitive patients is
likely to be greater than a 50% risk reduction, whereas
in aspirin resistant patients the risk seems to be
noticeably increased.7 Thus the relative benefit of
alternate antiplatelet agents needs to be reassessed
prospectively against a group of aspirin sensitive
patients. It is possible that the modest reported 10%
better effect of alternate platelet therapies compared
with aspirin alone (the overall 25% risk reduction)may
well be 20% less effective when compared with the
potentially greater than 50% beneficial effect of aspirin
in aspirin sensitive patients. If so the current strategies
for antiplatelet therapy may need to be rethought.
Our analyses also indicate that the effect of aspirin

resistanceonclinical outcome is applicable to theentire
community of aspirin treated patients at risk of
cardiovascular and cerebrovascular events. Thus the
increased risk of these events in aspirin resistant
patients occurs in those with stable cardiovascular
disease or coronary artery disease, those who have had
percutaneous coronary interventionor coronaryartery
bypass grafting, those undergoing other vascular
procedures, and after stroke.
We found that aspirin resistant patients are at a

greater risk of clinically important adverse cardio-
vascular events, indicating that such resistance is a
biological entity that should be considered when
recommending aspirin as antiplatelet therapy.

Limitations of study

We assessed 17 of the 20 included studies as of A
quality—that is, they had a low risk of bias.w1-w9 w11-w13

w15 w17-w20 These studies had an acceptable allocation of
blindness, including an assessment of compliance, and
a blinded strategy for measuring aspirin resistance

status and clinical outcome. In three studiesw10 w14 w20

data on compliance with blindness were insufficient or
they lacked sufficient information to assess quality
objectively, and these studies were ranked D. As these
studies met the rest of the inclusion criteria and
contained 586 patients (20% of the total), we included
them in our analysis.We cannot, however, exclude the
possibility that these studies may have skewed our
analysis. As the overall outcomes of these studies were
consistent with the overall analysis of the other 17
studies, however, we do not think this was the case.
We were unable to provide any evidence related to

comorbidity and its effects on aspirin resistance. None
of the included studies provided any specific informa-
tion about the comorbidity characteristics between
those patientswhohad an adverse event and thosewho
didnot in either aspirin status group.Thus the risk from
being aspirin resistant seemed to be lower in men and
higher in patients with a history of renal impairment.
We can not provide an explanation for either at this
time. The sex related difference occurred in about half
of the 2930 patients, and this difference may be real.
Wehavepreviously reportedon sex relateddifferences
in aspirin pharmacodynamics andpharmacokinetics.28

The relation between being resistant to aspirin and
having a history of renal impairment is possibly an
anomaly. This relationwas seen in only two studies,w16
w17 both from the same centre, concerning an Asian
population, and representing less than 9% of the
patients analysed. Thus the apparent relation between
a history of renal impairment and aspirin status can not
be generalised to the entire patient population.
Whether this relation is unique to theAsian population
is not clear but merits further exploration. We
recommend therefore that future studies should con-
sider these relations, including sex, comorbidities, and
ethnicity, as these characteristics may well affect the
relative risks of adverse effects in a patient population
that is already at high risk.
Wewereunable todeterminewhichplatelet function

test best identifies aspirin resistant patients. It might be
argued that the platelet aggregation assays (using

Table 3 | Risks of adverse outcomes and aspirin dose response in patientswho are resistant to aspirin

Variable
No of studies

(n=20)
No of patients

(n=2930) Odds ratio (95% CI) Heterogeneity (%) P value

Outcome:

All cerebrovascular events* 20 2930 3.85 (3.08 to 4.80) 68.3 <0.001

Death 4 728 5.99 (2.28 to 15.72) 5.5 <0.003

Acute coronary syndrome 9 1275 4.06 (2.96 to 5.56) 58.6 <0.001

Graft failure 3 420 4.35 (2.26 to 8.37) 28.2 <0.001

New cerebral event 4 340 3.78 (1.25 to 11.41) 38.1 <0.02

Dose response:

75-100 mg/day 3 228 21.17 (8.83 to 50.77) 74.7 <0.003

>100-325 mg/day 9 1,309 2.81 (2.00 to 3.94) 37.9 <0.001

500 mg three times daily 1 174 14.53 (NA) NA <0.001

All doses 12 1710 3.28 (2.39 to 4.49) 56.7 <0.001

NA=not applicable.
*Fatal or non-fatal cardiovascular or cerebrovascular events (death, stroke, myocardial infarction), acute coronary syndrome, acute coronary syndrome.
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platelet rich plasma) are the better assays since those
tests label fewer patients as aspirin resistant with less
heterogeneity and a higher odds ratio than the whole
blood platelet function assays, such as the platelet
function analyser 100 assay. Moreover, lower hetero-
geneity was found with the platelet aggregation assays
despite the use of a variety of agonists. It also can be
argued that the greater heterogeneity seen when using
the whole blood platelet function assays better reflects
what is happening invivo, as this typeof assay concerns
other cell types, such as inflammatory cells, that could
contribute to the overall response of circulating
platelets in aspirin resistant patients. The responses to
particular agonists in aspirin resistantpatients hasyet to
be elucidated. This is complicated further by the
current limited understanding of the underlying
mechanism of platelet function related to aspirin
resistance. We previously suggested that aspirin
resistance is independent of the platelet cyclo-oxyge-
nase pathway and thromboxane B2 (thromboxane A2)
inhibition and more related to an effect of aspirin (its
salicylate moiety) on lipoxygenase dependent 12
HETE synthesis, integrin expression, and platelet
adhesion in itself.4w6 More recent studies suggest that
a pathway independent of cyclo-oxygenase-1 and
cyclo-oxygenase-2 affects aspirin resistance.24 25 It is
worth noting that a systematic review found a higher
prevalence of aspirin resistancewhen using the platelet
function analyser 100 assay than when using a platelet
richplasma aggregation assay, similar to our findings.18

These investigators also adjusted the prevalence of
aspirin resistance on the basis of dose, study popula-
tion, and aspirin resistance assay used. We did not do
this, however, becausewe did not find any dose related
effect (aswith theAspirinTrialists’Collaboration1) and
could not exclude other variables such as comorbidity,
which the previous systematic review also did not
exclude.18 Therefore we suggest that this matter can
only be resolved by a prospective study using a battery
of aspirin resistance assays, each of which must be
related to clinical outcome measures to ascertain
specificity, sensitivity, and relevance. Only then can
the best assay be identified.
Data were insufficient in the included studies to

establish whether patients initially identified as aspirin

resistant remained aspirin resistant or whether patients
identified as aspirin sensitive subsequently became
aspirin resistant. Either possibility could skew the
overall prevalence of being aspirin resistant. Some
investigators have suggested that chronic aspirin use is
ineffective after about two years.14 29 This possible
variance is unlikely to alter the overall increased odds
ratio of having an adverse event when aspirin resistant,
because the clinical outcomemeasures in these studies
were related to the initial assay for aspirin resistance.
Only a few of the studies measured a biochemical

marker of compliance (for example, thromboxane A2

or thromboxane B2). However, most of the other
investigators identified theirpatients as aspirin resistant
or aspirin sensitive in hospital—that is, in a controlled
environment after a specific procedure and before and
after known aspirin treatment. Thus aspirin status
measured at that time could be assured independent of
non-compliance. As such it is difficult to imagine that
most patients had subsequently become non-compli-
ant, andyet a significant difference inodds ratioswould
remain between the initially labelled aspirin resistant
patients and those who were sensitive to aspirin.
Finally, a classic funnel plot suggested a modest

publication bias, since there was an absence of small
patient number studies that reported on a negative or
no relation between aspirin resistance and adverse
clinical outcomes. We found little evidence of any
publication bias using a classic funnel plot and Egger’s
and Macaskill modification,22 suggesting that the
overall findings of our study were not skewed by
publication bias.

Recommendation and future directions

Although this study shows that aspirin resistance
adversely affects clinical outcomes whenever aspirin
is used alone or in combination with another anti-
platelet agent, several issues need resolution or
clarification:
Firstly,we strongly advise that doctors continue their

current practice in prescribing aspirin for chronic
therapy toprevent adverse cardiovascular events as the
overall risk reduction is well reported.1 We also
recommend that patients are fully informed about the
possible adverse effects of aspirin as it is possible that
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the currently perceived overall benefit in all aspirin
treated patients (about a 25% decrease in risk) is more
likely offset by the fourfold increased risk in the 16% to
30% subpopulation of patients identified as aspirin
resistant.
Studies need to be designed to determine the most

useful test to identify aspirin resistance and identify
alternative effective therapies for patients who are
resistant to aspirin. Finally, we suggest that the term
aspirin resistant is a misnomer. Aspirin non-respon-
siveness may be a more appropriate label until a better
understanding is reached aboutwhat particular platelet
function is involved.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Many patients with cardiovascular disease are “resistant” or non-responsive to aspirin

WHAT THIS STUDY ADDS

Aspirin resistance can be measured by a variety of tests, all of which are associated with
clinically important adverse events
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