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OW-DOSE ASPIRIN IS A MAINSTAY OF

coronary heart disease second-

ary prevention because of its

known antiplatelet effect.'” Rates
of recurrent myocardial infarction (MI)
are consistently lower in both men and
women with known coronary disease
who are treated with low-dose aspirin
therapy compared with placebo.? In a
meta-analysis of 4 large primary preven-
tion trials using low-dose aspirin therapy,
a 15% reduction in total cardiovascular
events and a 30% reduction in MI rates
were observed. However, few women
were included.’

In the recent randomized placebo-
controlled trial of low-dose aspirin
therapy in the Women'’s Health Study
(WHS) in 39 876 women without coro-
nary disease, a 24% reduction was ob-
served in ischemic stroke risk with as-
pirin therapy compared with placebo,
but no overall reduction was observed
in MI or total cardiovascular disease
events.® However, in women aged 65
years or older, aspirin therapy re-
duced overall cardiovascular disease by
26%, and the risk of MI was reduced
by 34%.° In the Hypertension Optimal
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Context Recent randomized trials suggest that women may not accrue the same
cardioprotective benefits as men do from low-dose aspirin therapy used in primary
prevention. Failure of aspirin to suppress platelet aggregation in women is one
hypothesized mechanism.

Objective To examine differential platelet reactivity to low-dose aspirin therapy
by sex.

Design, Setting, and Participants A clinical trial of aspirin at 81 mg/d for 14 days
was conducted in 571 men and 711 women. Baseline and post-aspirin therapy mea-
sures included platelet aggregation to arachidonic acid, adenosine diphosphate, epi-
nephrine, and platelet function analyzer closure time.

Main Outcome Measure Sex differences in cyclooxygenase 1 (COX-1) direct and
indirect platelet activation pathways before and after administration of aspirin.

Results In 10 of the 12 platelet agonist exposures, women's platelets were signifi-
cantly more reactive at baseline. However, after aspirin therapy, the percent aggre-
gation to arachidonic acid (the direct COX-1 pathway) decreased more in women than
in men (P<<.001) and demonstrated near total suppression of residual platelet reac-
tivity in both men and women. In COX-1 indirect pathways, women experienced the
same or more platelet inhibition than men in 8 of the 9 assays yet retained modestly
greater platelet reactivity after aspirin therapy. In multivariable analysis, female sex
significantly predicted aggregation to 2 pM and 10 uM of adenosine diphosphate (P=.02
and <.001, respectively) and collagen at 5 pg/mL (P<.001) independent of risk fac-
tors, age, race, menopausal status, and hormone therapy.

Conclusions Women experienced the same or greater decreases in platelet reac-
tivity after aspirin therapy, retaining modestly more platelet reactivity compared with
men. However, most women achieved total suppression of aggregation in the direct
COX-1 pathway, the putative mechanism for aspirin’s cardioprotection.
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Treatment (HOT) study,” a 42% reduc-
tion in MI risk was observed in men,
but no significant reduction was ob-
served in women.

Aspirin’s protective benefit is be-
lieved to result from its ability to in-

thromboxane A,, a potent platelet ac-
tivator.” Although aspirin strongly in-
hibits COX-1-dependent platelet acti-
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hibit platelet aggregation and to pre-
vent platelet plug formation in
atherosclerotic vessels.® Aspirin’s pri-
mary effect on platelet aggregation is its
capacity to irreversibly acetylate cy-
clooxygenase 1 (COX-1), which pre-
vents the conversion of arachidonate to
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SEX DIFFERENCES IN PLATELET REACTIVITY AND RESPONSE TO LOW-DOSE ASPIRIN

vation,'®!'? inhibition of platelet

activation through pathways that are in-
directly related to COX-1 is less ro-
bust. The ability of aspirin to protect
against MI is thought to be predicted
by ex vivo testing of platelet aggrega-
tion, particularly to arachidonic acid®
and platelet function analyzer closure
time-14,15

The extent to which aspirin may in-
fluence platelet reactivity differently in
men and women remains unknown. To
address this question, we examined the
effects of aspirin at 81 mg/d for 14 days
on platelet reactivity in a large popu-
lation of men and women with known
excess risk for cardiovascular disease
because of family history, a group for
whom primary prevention with aspi-
rin therapy is particularly salient.

METHODS
Study Design and Population

This study was a planned part of the Ge-
netic Study of Aspirin Responsiveness
(GeneSTAR), an ongoing study de-
signed to examine gene-environment
determinants of platelet reactivity in re-
sponse to low-dose aspirin therapy, with
a prespecified juncture at which to de-
termine phenotypic responses to aspi-
rin therapy. We enrolled previously
identified, unaffected, apparently
healthy siblings of 403 unique pa-
tients with documented coronary heart
disease events before 60 years of age,
along with the index patients’ and sib-
lings’ adult offspring and the off-
springs’ other parent (403 families). Eli-
gible participants (N=1282) were aged
21 years or older and had no coronary
disease, vascular thrombotic events, pe-
ripheral vascular disease, serious gas-
trointestinal disorders, autoimmune
diseases, bleeding disorders, or hem-
orrhagic events. Participants were in-
eligible if they were taking anticoagu-
lants or antiplatelet medications or
nonsteroidal anti-inflammatory drugs
that could not be safely discontinued
for 4 weeks. Individuals were ex-
cluded if they had a history of aspirin
intolerance or allergy or abnormal blood
cell counts (platelet count <100 000/uL
or >500 000/pL, hematocrit <30%, or
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white blood cell count >20 000/uL).
Race was classified by the nurse prac-
titioner by asking the person to state his
or her race. Options were not pro-
vided. Race was assessed because plate-
let function is thought to differ by race,
so that it was added as a potentially in-
fluential covariate in multivariable
analyses.

The trial was approved by the insti-
tutional review board of the Johns Hop-
kins Medical Institutions and was moni-
tored by an external data and safety
monitoring board. Written informed
consent was obtained from all
participants.

Participants were given a 36-day sup-
ply of 81-mg aspirin tablets, the dose
recommended for primary prevention
by the US Preventive Services Task
Force.' Participants were instructed to
take 1 tablet each day for 14 days. Af-
ter interviewer-administered assess-
ment of diet and exercise with a modi-
fied 24-hour dietary recall and the
Stanford 7-Day Physical Activity Re-
call, participants were instructed to
maintain the same dietary and physi-
cal activity patterns during the 14 days
of aspirin therapy. Foods (caffeine,
chocolate, grapes, alcohol) or food
supplements known to influence plate-
let function were proscribed for the
week preceding the baseline measure-
ment and during the 14 days of therapy.
Aspirin therapy adherence was as-
sessed at the post—aspirin therapy visit
with a modified Hill-Bone compliance
questionnaire'” and pill counts.

Eligible participants were inter-
viewed by a nurse practitioner and self-
reported their age and race. They un-
derwent a cardiovascular history and
physical examination and assessment of
cardiovascular risk factors. Blood pres-
sure was measured at rest according to
the American Heart Association guide-
lines. Hypertension was considered pre-
sent if the average of 4 blood pressure
measurements was at least 140/90
mm Hg or the patient was taking an an-
tihypertensive medication. Current ciga-
rette smoking was defined as any smok-
ing within the past 30 days, verified by
exhaled carbon monoxide levels. Height
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and weight were measured, and body
mass index (BMI) was calculated as
weight in kilograms divided by height
in meters squared. All blood tests were
performed after participants had fasted
for 12 hours overnight. Serum glucose,
total cholesterol, high-density lipopro-
tein cholesterol (HDL-C), and triglyc-
eride levels were measured directly.
Low-density lipoprotein cholesterol
(LDL-C) level was estimated using the
Friedewald formula,' and cut points for
abnormal lipid levels were defined ac-
cording to the guidelines of the Na-
tional Cholesterol Education Program
Adult Treatment Panel IIL." Diabetes
was defined as having a fasting plasma
glucose level of at least 126 mg/dL (6.99
mmol/L) or taking a hypoglycemic
agent.”

Platelet Function Testing

Platelet function testing was per-
formed at baseline and after 14 days of
aspirin therapy. Measurement varia-
tion was minimized by having the same
technician process the same individu-
al's samples on the same equipment for
the pre—aspirin therapy and post—
aspirin therapy visits. The platelet tech-
nicians were also blinded to the sex of
participants.

Blood was obtained from venipunc-
ture and collected into vacutainer tubes
containing EDTA (for complete blood
cell counts) or 3.2% sodium citrate (for
platelet function testing, fibrinogen lev-
els, and von Willebrand factor [vVWF])
after the first 4 mL was discarded.
Platelet counts were determined by au-
tomated cell counter (ACT-Diff; Beck-
man-Coulter, Miami, Fla). Platelet-
rich plasma was prepared from whole
blood by centrifugation at 180g for 15
minutes, and platelet-poor plasma was
prepared by centrifugation at 2000g
for 10 minutes. Platelet counts were
adjusted to 200 000/pL by diluting
platelet-rich plasma with platelet-
poor plasma.

Plasma fibrinogen was measured on
an automated optical clot detection de-
vice (Behring Coagulation System;
Dade-Behring, Newark, Del). Plasma
vWEF was determined using a commer-
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cially available enzyme-linked immu-
nosorbent assay (DiaPharma, West
Chester, Ohio).

Optical aggregometry in platelet-
rich plasma was measured in a
4-channel PAP-4 Aggregometer (Hor-
sham, Pa) after stimulating samples
with collagen (1 and 5 pg/mL), adeno-
sine diphosphate (ADP; 2 and 10 pM),
arachidonic acid (0.5 mM), or epi-
nephrine (2 and 10 pM). Whole blood
impedance aggregometry was mea-
sured in a Chrono-Log dual-channel
lumi-aggregometer (Havertown, Pa)
after samples were stimulated with
collagen (1 and 5 pg/mL), ADP (10
M), or arachidonic acid (0.5 mM). In
addition, 1 whole blood sample was
incubated with aspirin (20 pM for 20
minutes) in vitro before stimulation
with arachidonic acid to determine
ability of pharmacologic doses to
directly inhibit COX-1 in vitro. Peak
platelet responses within 5 minutes of
agonist stimulation were automatically
recorded for aggregation (as percent-

age of aggregation for platelet-rich
plasma and ohms for whole blood).

Whole blood was loaded into pre-
fabricated proprietary cartridges (PFA-
100, Dade-Behring) containing a com-
bination of collagen and epinephrine
as platelet agonists. Platelet function
analyzer closure time (the time for
cessation of flow caused by formation
of a platelet plug) was recorded in sec-
onds. The maximum time allowed for
closure was 300 seconds.

Statistical Analysis

Data were analyzed using standard de-
scriptive and multivariable methods. Dis-
tributions were examined for normality
using the Kolmogorov-Smirnov statis-
tic. Nonnormal continuous variables
were appropriately transformed. Cat-
egorical variables were examined using
contingency table arrays and the x? sta-
tistic. Multivariable linear and logistic re-
gression analyses were used to deter-
mine the independent impact of sex on
post—aspirin therapy platelet function

]
Table 1. Baseline Sample Characteristics by Sex (N = 1282)

Men Women
Variables (n=571) (n=711) Value*
Demographics
Age, mean (SD), y 44.7 (13 46.1 (13) .06
Black, No. (%) 181 (31. 7) 281 (39.5) .002
Current smoker, No. (%) 157 (27.5) 169 (23.8) .13
Obese (BMI =30), No. (%) 202 (35.4) 309 (43.5) .003
Medical history
Hypertension, No. (%) 197 (34.5) 257 (36.2) .54
Diabetes, No. (%) 43 (7.5) 67 (9.4) .23
Postmenopausal, No. (%) 353 (49.6)
OCT use among premenopausal women, No. (%) 7 (18.7)t
Hormone therapy use among postmenopausal (1 5.0F
women, No. (%)
Laboratory parameters, mean (SD)
White blood cell count, cells/uL 6210 (1900) 6490 (2000) .01
Hematocrit, % 44.0 (3.1) 38.9 (2.9 <.001
Platelet count, cells/uL 243000 (58000) 275000 (62000) <.001
Total cholesterol, mg/dL 194 (39) 203 (41) <.001
HDL-C, mg/dL 46.0 (13) 55.9 (15) <.001
LDL-C, mg/dL 120 (35) 123 (37) 12
Fibrinogen, g/dL 0.35 (0.09) 0.41(0.12) <.001
Von Willebrand factor, % 100 (61) 104 (61) .28

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-

lesterol; OCT, oral contraceptive therapy.

Sl conversion factor: HDL-C and LDL-C to mmol/L, multiply by 0.0259.
*Differences by sex were examined using t tests performed on transformed variables when necessary to achieve nor-
mality; categorical variables were examined using contingency table arrays and the x? statistic.

1Sixty-seven of 358 premenopausal women.
FFifty-three of 353 postmenopausal women.
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outcomes, controlling for potentially in-
fluential demographic and biological co-
variables, including age, race, BMI, smok-
ing, blood pressure, glucose level, total
cholesterol level, hematocrit, leukocyte
and platelet counts, and fibrinogen level.
All covariates were prespecified accord-
ing to the published literature on the bio-
logical determinants of platelet aggrega-
tion. For analysis of platelet function
analyzer closure time, the vWF level
was an additional covariate because it is
known to be a major determinant of
platelet function analyzer closure times.

Adjustments for nonindependence
within families were done using the
generalized estimating equation.”! In-
cremental multivariable regression
analyses were also used to allow deter-
mination of the contribution of each
variable to the total variance in each
platelet reactivity outcome. In addi-
tion, analyses were modeled sepa-
rately for women to determine the im-
pact of menopausal status and oral
contraceptive therapy or hormone
therapy on platelet reactivity. All sig-
nificance testing was 2-tailed, with an
a of .05, and data were analyzed using
SAS (version 9.1; SAS Institute Inc,
Cary, NC) and SUDAAN (version 9.0.1,
Research Triangle Institute, Research
Triangle Park, NC).

RESULTS

Population Characteristics

Women constituted 55% of the study
population. Men and women were
middle-aged, with some modest but sta-
tistically significant differences in risk
factors and sociodemographic vari-
ables (TABLE 1). Women were more
likely to be black and obese and were
slightly older. White blood cell counts,
platelet counts, fibrinogen levels, and
HDL-C levels were all significantly
higher in women, whereas hematocrit
levels were higher in men. Levels of
LDL-C were similar between men and
women. More than a third of both men
and women were hypertensive. Among
women, 49.6% were postmenopausal,
of whom 15% were receiving hor-
mone therapy. Of the premenopausal

©2006 American Medical Association. All rights reserved.



SEX DIFFERENCES IN PLATELET REACTIVITY AND RESPONSE TO LOW-DOSE ASPIRIN

women, 18.7% were taking oral con-
traceptive agents.

All participants returned for follow-
up. Pill counts and self-reported non-
adherence showed that 7% of partici-
pants missed 1 of 14 doses, and 5.4%
missed 2 doses. All participants had
taken a dose in the 24 hours preced-
ing the post—aspirin therapy measure-
ments.

Baseline Platelet Aggregation

In unadjusted analyses by sex, platelet
aggregation to all agonists was higher
in women in whole blood and platelet-
rich plasma. In 10 of the 12 agonist ex-
posures, the differences were statisti-
cally significant but modest (TABLE 2).
Measurable aggregation to arachi-
donic acid with 20 pM of aspirin added
in vitro was significantly more preva-
lent in women.

Platelet Aggregation

and Aspirin-Induced

Change in Aggregation

For assays directly measuring the
COX-1 pathway, most men and women

demonstrated complete suppression
(zero aggregation) after aspirin admin-
istration. For example, aggregation to
0.5-mM arachidonic acid in whole
blood was not measurable in most par-
ticipants (Table 2). Similarly, in platelet-
rich plasma, after aspirin administra-
tion a marked decrement occurred in
the percentage of both sexes with non-
zero aggregation to arachidonic acid.
The percentage with nonzero aggrega-
tion to this low dose of arachidonic acid
at baseline does not indicate that this
group was taking aspirin-containing
drugs at baseline. Aggregation pat-
terns to a more potent dose of arachi-
donic acid (1.6 mM) were similar, with
fewer individuals demonstrating non-
zero aggregation in platelet-rich plasma.
When 20 uM of aspirin was added in
vitro, slightly more women than men
showed nonzero aggregation to arachi-
donic acid, although the difference was
not statistically significant.

In platelet aggregation assays that are
indirectly related to COX-1 (aggrega-
tion to collagen, ADP, and epineph-
rine), women again demonstrated more

residual aggregation after aspirin
therapy (Table 2). For example, aggre-
gation to collagen at 1 pg/mL in whole
blood and platelet-rich plasma was
markedly reduced in men and women
after aspirin therapy, with a similar
change by sex, but the level of aggre-
gation in women remained modestly
but statistically significantly greater than
in men. Relatively modest changes in
ADP-induced aggregation occurred af-
ter aspirin therapy in either sex, but ag-
gregation remained significantly higher
in women. Aggregation to 2 uM and 10
M of epinephrine in platelet-rich
plasma was reduced by about 16% and
18% of total aggregable platelets in
men and women, respectively, after as-
pirin therapy, with somewhat more
suppression in women. Again, wom-
en’s platelets remained slightly more re-
active after aspirin therapy. Thus,
in platelet activation pathways indi-
rectly related to COX-1, women expe-
rienced the same or a greater amount
of platelet inhibition in 8 of the 9 as-
says performed yet retained signifi-
cantly but modestly greater platelet re-

]
Table 2. Platelet Aggregation Before and After Aspirin Therapy (N = 1282)*

Before Aspirin Therapy After Aspirin Therapy Change
I 1T 1T 1
Men Women P Men Women P Men Women P
Aggregation (n=571) (n=711) Value (n=571) (n=711) Value (n=571) (n=711) Value
Whole blood indirect COX-1 pathways
Collagen 1 pg/mL, Q 209(6.3) 22.0((.7) <.001 6.3 (5.4) 7.1 (5.6) 004 -146(6.8 -149(7.2 .38
Collagen 5 pg/mL, Q 28.2(6.5) 28.8(6.2 A1 25.8(6.8) 26.4(6.2) 13 -240(7.2) -2.42(6.9) 97
ADP 10 pM, 10.7(6.1) 147(B.4) <001 10502 145020 <001 -019(5.2) -0.21(55) .94
Whole blood direct COX-1 pathways
Arachidonic acid 0.5 mM, %t 94.9 98.0 .002 4.38 3.80 .60 -90.5 -94.2 .02
Nonzero aggregation to 0.55 214 .02 0.18 0.29 .99 -0.4 -1.5 .03
arachidonic acid 0.5 mM
incubated with 20-uM aspirin, %
Platelet-rich plasma indirect COX-1 pathwayst
Collagen 1 pg/mL, % 37.4(34) 41.9(3H .02 6.03(8.3) 7.79(9.7) .01 -31.4@31) -34.1(32) 12
Collagen 5 pg/mL, % 81.7(17) 83.0(17) 19 272 (1) 31822 <001 -542(123 -51.1(23) .01
Epinephrine 2 uM, % 52.8(35 59.8(34) <.001 21.2(13) 22.8(14) .03 -31.5(29 -36.9(29) .001
Epinephrine 10 pM, % 69.0(29) 73.4(29) .007 281 (15 29.7 (16) .07 -40.8(25) -43.7 (24) .04
ADP 2 uM, % 36.9(26) 466028 <.001 311(17) 36.6(17) <001 -562@21) -102(23)  <.001
ADP 10 M, % 775(15 81.0(13) <001 656(13 703(12) <.001 -11.8(15 -10.8(14) .25
Platelet-rich plasma direct COX-1 pathway
Nonzero aggregation to arachidonic acid 62.2 69.2 .008 2.65 3.24 .53 -59.8 -65.9 .03

0.5mM, %

Abbreviations: ADP, adenosine diphosphate; COX-1, cyclooxygenase 1.
*Data are presented as nontransformed mean (SD). Significance testing was performed on appropriately transformed variables using t tests for continuous variables and contingency

table arrays and the x? statistic for categorical variables.

The majority of after aspirin therapy values for arachidonic acid in men and women were zero; values are thus expressed as the percentage who failed to be inhibited completely. Change
with aspirin (negative) indicates the percentage of individuals who converted from noninhibition to full inhibition after aspirin therapy.
FThe units of measure of aggregation in platelet-rich plasma are the percentage of all platelets that aggregate. The change measures refer to the change in aggregation in units and do

not represent a fractional change from baseline.
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activity in 7 of 9 assays and near-
significant greater reactivity in the
remaining 2 assays.

Platelet Function Analyzer
Closure Time

Men and women had similar platelet
function analyzer closure times at base-
line (mean [SD], 125[27] and 127 [31]
seconds, respectively, P=.36). At follow-
up, 32.4% of men and 50.8% of women
had platelet function analyzer closure
times of less than 300 seconds, the maxi-
mum value for the assay (P<.001),
which is consistent with more residual
platelet reactivity after aspirin therapy
in women compared with men.

Multivariable Analyses

Multivariable analyses could not be per-
formed on platelet reactivity to arachi-
donic acid after aspirin therapy because
most participants demonstrated zero ag-
gregation. In multivariable analyses on
other aggregation outcomes, post—
aspirin therapy values were adjusted for
pre—aspirin therapy values and for risk
factors associated with platelet aggrega-
tion, including age, race, sex, blood cell
counts, fibrinogen levels, and vWF for
platelet function analyzer closure time.
TABLE 3 shows these analyses in whole
blood for collagen at 5 pg/mL and ADP

at 10 pM as examples. In these models,
as in all of the others, the greatest con-
tribution to the total variance in aggre-
gation outcomes was the baseline level
of aggregation. Sex was significant in
model 2 (ADP) after adjustment for base-
line aggregation. In model 1 (collagen),
sex was borderline significant. How-
ever, in other models for the remaining
agonists, there was no statistical signifi-
cance by sex after adjustment for base-
line aggregation level. In all cases, risk
factors and blood cell counts contrib-
uted little to the total model variance,
even when statistically significant.
Multivariable models in platelet-
rich plasma aggregation produced simi-
lar results. The percentage of the vari-
ance explained by the different variables
was similar to that of whole blood for
aggregation to collagen at 1 and 5 ng/
mlL. For aggregation to 2 pM of epi-
nephrine, 36% of the variance was ex-
plained by the total model, with 32%
of that contributed by the pre—aspirin
therapy value (P<<.001). In platelet-
rich plasma, female sex was statisti-
cally significant for aggregation to 10
M of ADP (P<.001), 2 pM of ADP
(P=.02), and 5 pg/mL of collagen
(P<.001). There were no risk factor,
demographic, or blood cell count pat-
terns associated with the outcomes, and

few variables made meaningful contri-
bution to the variance in the out-
comes except the pre—aspirin therapy
values. Adjustments for regimen ad-
herence did not alter any results.

For the platelet function analyzer clo-
sure time assay, multivariable logistic re-
gression analysis was used to predict
achievement of maximum closure time.
Only female sex was significant (rela-
tive odds, 0.66; 95% confidence inter-
val, 0.47-0.93). This finding indicates
that women were 34% less likely to reach
the maximum closure time compared
with men, independent of all other vari-
ables and adjustment for baseline lev-
els, intrafamily clustering, and regimen
adherence.

Because pre—aspirin therapy plate-
let reactivity was the primary determi-
nant of variance in post-aspirin therapy
platelet function, we conducted addi-
tional multivariable analyses of the pre—
aspirin therapy assay results, incorpo-
rating the same prespecified variables
used in the post—aspirin therapy mod-
els. For most pre—aspirin therapy plate-
let reactivity tests, white blood cell
count and platelet counts were statis-
tically significantly and positively as-
sociated with the outcomes but ex-
plained little of the variance. Although
female sex was significantly associ-

- _____________________________________________________________________________________________]
Table 3. Multivariable Linear Regression Models Predicting Platelet Aggregation After Aspirin Therapy in Whole Blood (N = 1282)

Model 1: Aggregation
to Collagen at 5 pg/mL

Model 2: Aggregation
to ADP at 10 pM

B (SE) r* VaII:ue B (SE) re* Valiue
Age, y 0.022 (0.013) 0.003 .09 -0.006 (0.013) 0.0001 .64
Female sex —-0.905 (0.510) 0.003 .09 0.923 (0.404) 0.008 .02
White race 0.844 (0.443) 0.002 .06 -1.491 (0.373) 0.01 <.001
Body mass index 0.027 (0.030) 0.0008 .37 0.045 (0.026) 0.003 .09
Current smoker 0.745 (0.434) 0.002 .09 -0.252 (0.342) 0.0002 46
Systolic blood pressure 0.006 (0.013) 0.0001 .63 0.013 (0.012) 0.0005 .26
Glucose —0.001 (0.005) 0.000 .88 -0.005 (0.006) 0.0005 42
Total cholesterol —0.003 (0.004) 0.0004 41 0.004 (0.004) 0.0008 .23
White blood cell count 0.764 (0.116) 0.04 <.001 0.393 (0.089) 0.01 <.001
Hematocrit —-0.208 (0.060) 0.004 .001 -0.074 (0.055) 0.001 18
Platelet count —0.001 (0.003) 0.0001 .69 0.011 (0.003) 0.02 <.001
Fibrinogen 0.001 (0.002) 0.000 .69 -0.001 (0.001) 0.0004 .55
Baseline aggregation valuet 0.317 (0.039) 0.17 <.001 0.543 (0.028) 0.40 <.001
Total model R? 0.23 0.46

*2 |s the portion of the total variance in the model explained by each variable; total model R? is the total variance in each outcome explained by all variables in the model.
1The baseline aggregation value represents the agonist and dose-specific aggregation for each individual. Thus, all postvalues in the regression analyses are adjusted for the prevalues.
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ated with most platelet aggregation out-
comes in both whole blood and platelet-
rich plasma before aspirin therapy, it
explained only a modest amount of the
baseline total variance.

Subgroup Analysis in Women

To address whether menopausal status,
the use of extrinsic hormones, age, race,
or risk factors influenced baseline or pos-
t—aspirin therapy platelet reactivity dif-
ferently in women (n=711), we also con-
ducted all analyses separately for women.
In unadjusted bivariable analyses, all ag-
gregation tests in whole blood and plate-
let-rich plasma at baseline and post—
aspirin therapy showed no significant
differences by menopausal status. Pre-
menopausal women receiving oral con-
traceptive therapy had a modestly shorter
platelet closure time at baseline (greater
platelet reactivity) compared with those
not receiving oral contraceptive therapy
(mean [SD], 118 [27] vs 127 [30] sec-
onds, P=.01) but no differences in other
platelet reactivity measures. TABLE 4
shows few differences in any measure of
platelet aggregation among postmeno-
pausal women before or after aspirin
therapy by the use of hormone therapy

in unadjusted bivariable analysis.

In multivariable analyses in women
only, menopausal status and hormone
therapy were not significant predictors
of any baseline or post—aspirin therapy
aggregation outcomes. However, hor-
mone therapy was significantly predic-
tive of baseline platelet function ana-
lyzer closure time (P=.003), with a 1%
contribution to the 14% total variance ex-
plained by all variables. Menopausal sta-
tus alone was not predictive (P=.15). The
strongest predictor of baseline platelet
function analyzer closure time was vVWF
(3% of the 14% total variance, P<<.001).
After aspirin therapy, postmenopausal
status (P=.03) and use of hormone
therapy (P=.04) became significantly
predictive of platelet function analyzer
closure time, independent of all other
variables, and of the pre—aspirin therapy
value. No other variables were signifi-
cant, except for hematocrit (P=.01) and
the pre—aspirin therapy value (P=.001).

Thus, both bivariable and multivari-
able analyses suggest that women ex-
perience only minimal effects of meno-
pause and extrinsic hormones on most
platelet reactivity tests, except for plate-
let function analyzer closure time, in

which women taking extrinsic hor-
mones seem to have modestly shorter
closure times at baseline and after as-
pirin therapy.

COMMENT

In this study of low-dose aspirin therapy
in unaffected individuals from fami-
lies with premature coronary disease,
we found that women had consis-
tently more reactive platelets com-
pared with men to multiple agonists in
both whole blood and platelet-rich
plasma. Increased platelet reactivity in
women was present at baseline, as
shown in previous studies,*** and gen-
erally persisted after aspirin therapy,
particularly in aggregation assays that
were indirectly dependent on COX-1.
In pathways directly dependent on
COX-1, men and women demon-
strated a marked and quantitatively
similar inhibition by aspirin therapy.
Pre—aspirin therapy platelet function
contributed the most to the variance in
platelet reactivity after aspirin therapy.
Thus, aspirin therapy effectively inhib-
ited platelet reactivity in women and
men, fully suppressing the direct
COX-1 platelet activation pathway but

]
Table 4. Platelet Aggregation Before and After Aspirin Therapy in Postmenopausal Women by Hormone Therapy Status*

Before Aspirin Therapy After Aspirin Therapy Change
I 1T 1T 1
Hormone No Hormone Hormone No Hormone Hormone No Hormone
Therapy Therapy P Therapy Therapy P Therapy Therapy P
Aggregation (n=53) (n=300) Value (n=53) (n=300) Value (n=53) (n=300) Value
Whole blood indirect COX-1 pathways
Collagen 1 pg/mL, Q 21.56.7) 21.6(5.6) 93 7148 7.2(5.8) 70 -144(716) -14.4(7.5 .98
Collagen 5 pg/mL, Q 29.5(6.4) 28.2(6.0) 14 270(74) 26.0(6.4) 32 -247(716) -2.22(6.7) .80
ADP 10 uM, Q 16.2 (5.9 14.5(5.2) .04 152 (6.4) 14.1 (6.9 31 -1.04(2 -0.37(5.4) 41
Whole blood direct COX-1 pathway
Nonzero aggregation to arachidonic acid 98.1 98.3 91 0 3.3 18 -98.1 -95.0 18
0.5 mM, %
Nonzero aggregation to arachidonic acid 1.89 2.70 >.99 0 0 >.99 -1.9 2.7 71
0.5 mM incubated with 20-uM aspirin, %
Platelet-rich plasma indirect COX-1 pathways
Collagen 1 pg/mL, % 39.3 (36) 44.8 (35) .31 9.6 (9.1) 8.7 (9.6) 32 -29.7(383) -36.2(32) 18
Collagen 5 pg/mL, % 81.4(18) 83.7 (16) 43 33 (20) 33.7 (21) 87 -48.2((22) -50.0(22) .58
Epinephrine 2 uM, % 66.4 (33) 63.0 (34) .63 28.4(14) 24.3 (13) 06 -38.1(380) -38.7 (29 .88
Epinephrine 10 uM, % 75.7 (27) 74.5(27) .87 35.0(19) 31.5(16) 16 -40.6(24) -43.0(23) .50
ADP 2 uM, % 53.1(28) 48.0 (28) .30 421 (19) 38.5(17) 20 -11.4((24) -10.2(23 .75
ADP 10 uM, % 81.7 (10) 81.1(13) .89 72.3(12) 70.7 (11) 34 -9.21(100 -10.7 (14) .36
Platelet-rich plasma direct COX-1 pathway
Nonzero aggregation to arachidonic acid 73.6 71.0 .70 7.55 3.00 1 -66.0 -68.0 .79

0.5 mM, %

Abbreviations: ADP, adenosine diphosphate; COX-1, cyclooxygenase 1.
*Data are presented as mean (SD).
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also beneficially affecting COX-1 indi-
rect pathways. Overall, although sex dif-
ferences were often statistically signifi-
cant, the magnitude of the differences
was small.

There was no evidence that any dif-
ferential distribution of risk factors, age,
race, blood cell counts, or aspirin ad-
herence accounted for sex differences or
that menopausal status, the use of oral
contraceptives, or hormone therapy
played a major role in the increased re-
sidual platelet reactivity observed in
women after aspirin therapy, except for
platelet function analyzer closure time.
The use of extrinsic hormone therapy re-
sulted in statistically significant but only
slightly shorter times to platelet plug for-
mation, representing greater residual
platelet reactivity in women. There were
no differences in platelet responses to as-
pirin therapy by age (decade) in women.

In the largest randomized, placebo-
controlled, primary prevention trial of
low-dose aspirin therapy in women to
date, the WHS followed up 39876
healthy women for 10 years for inci-
dent cardiovascular events.® The trial
resulted in a small reduction in total
cardiovascular disease that was not
statistically significant, a significant
reduction in total stroke and ischemic
stroke rates, and no overall effect on
the risk of MI with aspirin therapy. In
an accompanying meta-analysis of
low-dose aspirin therapy primary pre-
vention studies, no overall benefit was
seen for MI in women in 3 random-
ized controlled trials, but a significant
reduction of 32% (P=.001) was
observed in the 5 trials conducted in
men.® The difference between men
and women overall in the meta-
analysis was significant at the P=.01
level for MI. The editorial* that
accompanied publication of the WHS
suggested that it may be reasonable to
consider avoiding low-dose aspirin as
preventive therapy for coronary dis-
ease in women younger than 65 years
unless there is a particularly high
global risk score. However, a marked
benefit was observed for stroke, with
no significant increment in other car-
diovascular end points.

1426 JAMA, March 22/29, 2006—Vol 295, No. 12 (Reprinted)

In a recent meta-analysis of random-
ized controlled trials in 51 342 women,
aspirin therapy was associated with a
12% reduction in total cardiovascular
events and a 17% reduction in stroke,
which primarily reflected a reduction
inischemic stroke because there was no
significant effect of aspirin therapy on
MI.2° However, the majority of women
in this analysis were participants in the
WHS, so these overall observations pri-
marily represent the findings of the
WHS. In the WHS, because expected re-
ductions in thromboxane and prosta-
cyclin concentrations were of similar
magnitude in men and women with
low-dose aspirin therapy, the investi-
gators concluded that “resistance to as-
pirin” was an unlikely explanation for
aspirin therapy’s failure to reduce MI
risk in women.° In support of this con-
clusion, we found a notable impact of
aspirin therapy in women on the COX-1
platelet pathways that are thought to be
most protective against MI, even with
increased residual platelet reactivity in
COX-1 indirect pathways.

The major limitation of our study is
the lack of prospective data linking
measures of platelet reactivity to aspi-
rin to subsequent cardiovascular dis-
ease. Furthermore, the extent to which
these ex vivo tests of platelet function
represent in vivo platelet activity re-
mains unknown, as does their overall
predictive value for incident cardiovas-
cular events.

In conclusion, we have shown that
low-dose aspirin therapy in women
seems to produce a similar or even
greater reduction in platelet reactivity
in women compared with men.
Although women in our study still
retained a modest residual platelet
reactivity that exceeds that of men,
regardless of age, there is virtually
total suppression of the COX-1 direct
platelet function pathways in most
women.
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Belief is desecrated when given to unproved and un-
questioned statements for the solace and private plea-
sure of the believer. . . . It is wrong always, every-
where, and for every one, to believe anything upon
insufficient evidence.
—William James (1842-1910)
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