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This study sought to investigate the efficacy and safety of clopidogrel in women and men.

Previous analyses have shown sex-based differences in response to several antiplatelet medications. Little is

This study performed a meta-analysis of all blinded randomized clinical trials comparing clopidogrel and placebo

(CURE [Clopidogrel in Unstable Angina to Prevent Recurrent Events], CREDO [Clopidogrel for the Reduction of
Events During Observation], CLARITY-TIMI 28 [Clopidogrel as Adjunctive Reperfusion Therapy-Thrombolysis In
Myocardial Infarction 28], COMMIT [Clopidogrel and Metoprolol in Myocardial Infarction Trial], and CHARISMA
[Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance] trials),
involving a total of 79,613 patients, of whom 30% were women. The relative efficacy and safety of clopidogrel
at reducing cardiovascular events (cardiovascular death, myocardial infarction [MI], or stroke) in women and

Objectives
Background
known about the efficacy and safety of clopidogrel in women and men.
Methods
men was estimated using random-effects modeling.
Results

Overall, clopidogrel was associated with a highly significant 14% proportional reduction in the risk of cardiovas-

cular events (odds ratio [OR]: 0.86; 95% confidence interval [CI]: 0.80 to 0.93), with no significant differences in
treatment effect between women and men. Among the 23,533 women enrolled, there were fewer cardiovascu-
lar events in the clopidogrel group compared with the placebo group (11.0% vs. 11.8%; OR: 0.93; 95% Cl: 0.86
to 1.01). In women the risk reduction with clopidogrel seemed to be greatest for Ml (OR: 0.81; 95% Cl: 0.70 to
0.93), with the effects on stroke (OR: 0.91; 95% Cl: 0.69 to 1.21) or total death (OR: 0.99; 95% CI: 0.90 to 1.08)
not statistically significant. Among the 56,091 men enrolled, there were fewer cardiovascular events in those
receiving clopidogrel compared with placebo (7.8% vs. 9.0%; OR: 0.84; 95% Cl: 0.78 to 0.91), and the risk re-

duction was significant for Ml (OR: 0.83; 95% CI: 0.76 to 0.92), stroke (OR: 0.83; 95% CI: 0.71 to 0.96), and to-
tal death (OR: 0.91; 95% CI: 0.84 to 0.97). Clopidogrel increased the risk of major bleeding in both women (OR:
1.43; 95% Cl: 1.15 to 1.79) and men (OR: 1.22; 95% ClI: 1.05 to 1.42).

Conclusions Clopidogrel reduces the risk of cardiovascular events in both women and men.
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Abbreviations
and Acronyms

ACS = acute coronary
syndrome

Pathological and clinical studies
consistently show the importance
of platelets in the pathogenesis of
atherosclerosis and coronary
thrombosis (1-5). Medications
aimed at disrupting platelet ac-
tivity have been shown to reduce
cardiovascular morbidity and
mortality in a variety of settings
(6—8). However, several studies showed a sex-specific re-
sponse to several antiplatelet medications (9-13).

Cl = confidence interval
MI = myocardial infarction

OR = odds ratio

See page 1946

It has been previously shown that the response to aspirin
for the primary prevention of cardiovascular disease is
different between women and men (9). Although a similar
protection from cardiovascular events was noted, women
derived most of their benefit from a reduction in the risk of
stroke, whereas men derived most of their benefit from a
reduction in the risk of myocardial infarction (MI). The
response to another antiplatelet medication, glycoprotein
IIb/IIIa inhibitors, was shown to have a sex-specific re-
sponse as well (10). However, there are very few data on the
effect of clopidogrel in men versus women, even though it is
one of the most frequently prescribed drugs.

Several randomized trials have evaluated the effect of
clopidogrel on cardiovascular events across a broad spectrum
of coronary disease (14-20). Accordingly, the most recent
acute coronary syndrome (ACS) guidelines make clopi-
dogrel treatment a class I recommendation with grade A
evidence in several different clinical situations (21-23).
Unfortunately, many of the clinical trials did not include an
adequate number of women to determine whether the
benefits were similar in men and women. Trials that did
report results in women reported aggregate events (e.g.,
major cardiovascular events), but did not report specific
outcomes such as death, MI, or stroke separately. Ex vivo
assessment of the antiplatelet effect of clopidogrel suggests
that women are more likely to be hyporesponsive to clopi-
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dogrel than men (24), suggesting a potential clinical differ-
ence in the effectiveness of clopidogrel according to sex.

Accordingly, to better understand the impact of sex on
the response to clopidogrel, we performed a sex-specific
collaborative meta-analysis of clopidogrel therapy for the
prevention of cardiovascular events.

Methods

Literature search. This meta-analysis considered random-
ized clinical trials comparing clopidogrel in combination
with aspirin to aspirin alone for the treatment of patients at
high risk for cardiovascular events. Comprehensive searches
of the Medline and Cochrane Central Register of Con-
trolled Trials databases were performed using Internet-
based engines (PubMed and OVID) for studies published
between 1999 and May 2007. Search terms included clopi-
dogrel, cardiovascular disease, MI, stroke, percutaneous
coronary intervention, and randomized controlled trials, as
well as combinations of these terms. Experts in the field
were questioned, bibliographies of retrieved articles were
searched for other relevant studies, and major scientific
meetings were monitored.

Study selection. Trials that met the following criteria were
included: 1) prospective, randomized, placebo controlled,
open or blinded trials; 2) assignment of participants to
clopidogrel treatment and a placebo group; and 3) data on
all-cause mortality, cardiovascular death, MI, stroke, and
major bleeding. A total of 197 potentially eligible studies
were identified, and 131 were excluded based on title and
abstract for not fulfilling inclusion criteria on the basis of
intervention. On further review, 61 studies were excluded
either because of their nonrandomized nature or because
they were not placebo controlled (Fig. 1).

Outcomes measures. The clinical end point definitions
were similar among the trials. Outcomes examined in the
current overview were a composite end point of any major

197 Potentially Relevant
Articles Identified

131 excluded based on title and
» abstract for not fulfilling inclusion
criteria on basis of intervention

A A
66 Articles Screened in Detail

61 Articles Excluded

31 Reviews, Commentaries, and
Letters to the Editor

9 observational studies

6 case-control studies

1 meta-analysis

14 studied clopidogrel against
another medication

A 4
5 Randomized Controlled Trials
of Clopidogrel versus Placebo

Flow Diagram of the Trial Selection Process
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cardiovascular event (cardiovascular mortality, nonfatal MI,
or nonfatal stroke), MI (fatal and nonfatal), stroke (fatal and
nonfatal), cardiovascular mortality, and all-cause mortality.
In the COMMIT (Clopidogrel and Metoprolol in Myo-
cardial Infarction Trial) (17), the composite end point
included all-cause mortality rather than cardiovascular mor-
tality. We also examined the type of stroke (ischemic vs.
hemorrhagic) in all 5 studies. The safety outcome examined
was the occurrence of major bleeding as defined by each
study.

Statistical analysis. For this collaborative meta-analysis,
the principal investigators of each of the included trials
supervised the extraction and verified the accuracy of the
data from the databases of each trial. Sex-specific data from
each trial, which have not been previously published, were
combined for this study. The statistical analysis was per-
formed using Stata Statistical Software, release 10 (Stata-
Corp, College Station, Texas). Data were analyzed accord-
ing to the intention-to-treat principle. The Cochrane Q_
statistic was calculated to assess heterogeneity among the
trials for both men and women. However, because the lack
of heterogeneity does not necessarily imply homogeneity, a
summary odds ratio (OR) was calculated using a random-
effects model from the ORs and the 95% confidence
intervals (Cls) for each end point in each study using
Mantel-Haenszel methods. To test for differences between
men and women for each end point, we used a formal test
for heterogeneity that is based on the Cochrane Q_statistic
(25). This test evaluates the degree to which overall heter-
ogeneity can be explained by heterogeneity between sub-
groups (25). If the p value for the test of heterogeneity is
significant (p < 0.05), it suggests that the treatment effect
differs between groups. In addition, we investigated differ-
ences between subgroups using metaregression to explore
the relationship between sex and the pooled value for each

I CR B Design of Trials Included in the Meta-Analysis

Berger et al. 1937

Clopidogrel and Sex

outcome measure. The results were nearly identical for each
outcome.

The statistical rationale for combining the data has been
previously described and used extensively (26). Briefly, the
basic principle is that patients allocated to an intervention in
a specific trial are only compared with those allocated to the
control treatment in the same trial, avoiding direct compar-
isons of patients across different trials with different designs
and lengths of follow-up. These methods provide for
combination of information from multiple 2 X 2 tables,
generating a summary OR and its 95% CI as reviewed by
Mantel and Haenszel (27) and modified by Yusuf et al. (28).
The data were also analyzed using a random-effects model
to generate relative risks and 95% Cls. These results did not
qualitatively differ from the primary analysis. A value of p <
0.05 was judged as statistically significant. Sensitivity anal-
yses were performed for each outcome to assess the contri-
bution of each study to the pooled estimate by excluding
individual trials one at a time and recalculating the com-
bined OR for the remaining studies. To assess publication
bias, we generated a funnel plot of the logarithm of effect
size and compared it with the SE for each trial.

Results

Search results. We identified 5 randomized controlled
trials for inclusion (16—20). Women constituted between
20% and 39% of patients enrolled in the trials. In total,
79,613 individuals were enrolled in the 5 trials, of whom
23,522 (30%) were women.

Details of the included studies are shown in Table 1. A
broad spectrum of cardiovascular disease was represented by
the 5 trials. The CURE (Clopidogrel in Unstable Angina to
Prevent Recurrent Events) trial (20) enrolled patients with a

Female Sex
Trial, Year n Patient Population (%) Clopidogrel Dosage Clopidogrel Duration Follow-Up
CURE, 2001 12,562 Patients who presented with acute 38.5 300-mg loading dose 3 to 12 months (mean 1yr
coronary syndromes without followed by duration of treatment
ST-segment elevation 75 mg/day 9 months)
CREDO, 2003 2,116 Patients referred for a planned PCI 28.6 300-mg loading dose 12 months 1yr
or coronary angiogram followed by 75 mg
once daily*
CLARITY-TIMI 28, 3,491 Patients who presented within 19.7 300-mg loading dose Up to and including the day of 30 days
2005 12 h after the onset of an followed by 75 mg coronary angiographyt
ST-segment elevation Ml once daily
COMMIT, 2005 45,852 Patients who presented within 27.8 75 mg daily Hospital discharge or 28 days Hospital discharge or
24 h of suspected acute Ml (median of ~2 weeks) 28 days (median of
~2 weeks)
CHARISMA, 2006 15,603 Patients with clinically evident 29.8 75 mg daily Median of 28 months, Median of 28 months,

cardiovascular disease or
multiple risk factors

maximum of 35 months

maximum of
35 months

*Both groups received 75 mg/day of clopidogrel through day 28. tFor patients who did not undergo angiography, study drug was to be administered up to and including day 8 or hospital discharge, whichever

came first.

CHARISMA = Clopidogrel for High Atherothrombotic Risk and Ischemic ilization,

1ent, and Avoi

; CLARITY-TIMI 28 = Clopidogrel as Adjunctive Reperfusion Therapy-Thrombolysis In

Myocardial Infarction 28; COMMIT = Clopidogrel and Metoprolol in Myocardial Infarction Trial; CREDO = Clopidogrel for the Reduction of Events During Observation; CURE = Clopidogrel in Unstable Angina

to Prevent Recurrent Events; Ml = myocardial infarction; PCl = percutaneous coronary intervention.



I Characteristics of Women and Men Included in Trials of Clopidogrel Versus Placebo for the Prevention of Cardiovascular Events

CURE CREDO CLARITY cCoMMIT CHARISMA
Women Men Women Men Women Men Women Men Women Men
n 4,836 7,726 606 1,510 688 2,803 12,759 33,093 4,644 10,959
Demographics
Age (yrs) 66.5 = 10.7 62.7 +11.4 64.4 = 10.6 60.6 = 11.0* 61.6 = 9.6 56.4 + 10.2* 66.6 = 9.7 59.3 + 11.9% 65.9 = 10.0 63.6 = 9.3*
Caucasians 82.4 81.8 85.6 90.1* 91.0 89.0 — — 89.1 91.0*
BMI (kg/m?) 275*45 27.4 £ 3.8 30.0 £ 6.4 30174 27.7 £ 5.4 27.4 £ 4.0 — — 289 6.1 28,5+ 4.8
Clinical history
Current smoker 14.4 28.4 28.9 32.0 42.0 52.0* = = 17.6 20835
Hypertension — — 76.4 65.9* 56.0 41.0* 51.0 40.0* 81.5 70.2*
SBP (mm Hg) 137.2 132.4 135.0 = 21.4 132.6 = 19.9* 1329 + 24.2 1349 + 22.3 131.1 = 234 1271+ 221 142.3 = 20.3 137.3 £ 19.3
DBP (mm Hg) 773 76.7 704 +11.9 748 £11.8 77.9 £14.7 815+ 141 81.0 = 14.4 80.9 £ 145 79.0 £11.2 78.8 £10.7
Hyperlipidemia 48.4 44.5 77.4 76.3 37.0 39.0 — — 73.8 74.0
Diabetes 25.7 20.7 33.0 23.9* 20.0 16.0* = = 45.6 40.5*
Previous MI 25.7 36.2 28.4 37.4% 5.7 10.0* 6.6 9.0* 22.6 SONE
CVD 59.4 59.3 8.1 B — — — — 28.6 22.9%
PVD 6.9 9.2 9.8 8.0 4.4 4.1 — — — —
Previous CABG 7.4 13.2 11.8 18.1* — — — — 11.6 23.2%
Previous PCI 7.3 11.4 22.9 Ll 2.0 5!6% = = 15.1 26.0*
Baseline medication use
Aspirin 66.3 66.0 28.1 30.5 14.1 16.1 18.2 18.5 90.1 93.7*
Values are presented as mean * SD or % unless otherwise indicated. *p < 0.05.
BMI = body mass index; CABG = coronary artery bypass graft; CVD = cerebr ; DBP = di ic blood pressure; PVD = peripheral vascular disease; SBP = systolic blood pressure; other abbreviations as in Table 1.
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non—-ST-segment elevation ACS, whereas the CLARITY-
TIMI 28 (Clopidogrel as Adjunctive Reperfusion Therapy—
Thrombolysis In Myocardial Infarction 28) (18) and
COMMIT (17) trials enrolled patients with an ST-segment
elevation MI. The CREDO (Clopidogrel for the Reduction of
Events During Observation) (19) trial enrolled patients in
whom a percutaneous coronary intervention was planned.
Two-thirds of the patients in the CREDO study had a
diagnosis of unstable angina or had suffered a recent MI. The
CHARISMA (Clopidogrel for High Atherothrombotic Risk
and Ischemic Stabilization, Management, and Avoidance) (16)
trial enrolled both patients with established vascular disease
(=80%) and patients with multiple risk factors for but without
documented vascular disease (=20%). The weighted mean
duration of follow-up was 8.3 months. Baseline characteristics
of the individuals are presented in Table 2.

Study quality. Randomized treatment allocation sequences
were generated in all 5 studies. All 5 trials were placebo-
controlled and double-blinded. Treatment in the COMMIT
(17) study was randomly assigned according to a 2 X 2
factorial design; patients were also assigned to metoprolol or
placebo; this second randomization will not be considered
further here. All 5 trials were partially or completely funded
by pharmaceutical companies that make or market clopi-
dogrel. Three of the trials were international (16,18,20), the
COMMIT trial was performed solely in China (17), and

Berger et al. 1939
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the CREDO trial was performed in the U.S. (19). All 5
trials maintained independent clinical events committees to
adjudicate the outcomes of interest blinded to treatment
assignment. Three of the studies included a 300-mg
clopidogrel loading dose at study entry (18-20); all 5
used a daily 75-mg dose of clopidogrel. Aspirin (75 to
325 mg/day in 4 trials and 75 to 162 mg/day in the
CHARISMA trial) was administered to patients in all 5
trials. The duration of follow-up ranged from 2 weeks
(the COMMIT trial) to 35 months (the CHARISMA
trial) and was more than 99% complete in each of the
trials.

Major cardiovascular events. A total of 2,680 major car-
diovascular events occurred among the 23,533 women
enrolled in these trials (Fig. 2), with the event rate being
nonsignificantly lower in women allocated clopidogrel com-
pared with those allocated placebo (11.0% vs. 11.8%; OR:
0.93; 95% CI: 0.86 to 1.01).

A total of 4,704 major cardiovascular events occurred
among the 56,091 men in these trials, and there was a highly
significant 16% reduction in the odds of cardiovascular
events among men allocated clopidogrel compared with
men allocated placebo (7.8% vs. 9.0%; OR: 0.84; 95% CI:
0.78 to 0.91). There was a weak trend for heterogeneity
(p 0.092) that did not reach statistical significance

Events, Events,
Trial Treatment  Control
Men
CREDO 58/744 81/766
CURE 351/3839 461/3887
CLARITY  116/1400 139/1403
COMMT 1274416595 1416/16498
CHARISMA 384/5486 424/5473
Total Men
Women
CREDO 24309 337297
CURE 23172420 268/2416
CLARITY 447352 50/336
COMMT  B47/6366 894/6393
CHARISMA 160/2316 14972328
Total Women

—_— 067 (0.39,1.17)

OR (95% CI)

0.72 (0.50,1.02)
0.75 (0.65,0.87)
0.82 (0.63,1.06)
0.69 (0.62,0.96)
0.90 (0.78,1.03)
0.84 (0.78,0.81)

oui"'i

T

0.88 (0.73,1.06)
0.82 (0.53,1.26)

i 0.94 (0.85,1.04)
1.01 (0.80,1.28)
G

0.93 (0.86,1.01)

,

1

1 10

' Favors clopidogrel Favors placebo

m Effect of Clopidogrel Treatment on the Effect of Major Cardiovascular Events

Major cardiovascular events are defined as the composite of nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death. Pooled ORs are from a random-
effects model. Sizes of data markers are proportional to the amount of data contributed by each trial. CHARISMA = Clopidogrel for High Atherothrombotic Risk and Isch-
emic Stabilization, Management, and Avoidance; Cl = confidence interval; CLARITY-TIMI 28 = Clopidogrel as Adjunctive Reperfusion Therapy-Thrombolysis In Myocardial
Infarction 28; COMMIT = Clopidogrel and Metoprolol in Myocardial Infarction Trial; CREDO = Clopidogrel for the Reduction of Events During Observation; CURE = Clopi-
dogrel in Unstable Angina to Prevent Recurrent Events; OR = odds ratio.
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OR (95% CI)

0.75 (0.34, 1.65)
0.86 (0.71,1.04)
0.90 (0.61, 1.35)
0.90 (0.52, 0.98)
0.99 (0.84,1.18)
0.91 (0.84,0.97)

lbl

<y

0.74 (0.27,2.02)
1.04 (0.82,1.32)
1.19 (0.69, 2.05)
0.97 (0.57,1.08)
0.99 (0.75, 1.30)
0.99 (0.90, 1.08)

Favors clopidogrel

Events, Events,
Trial Treatment Control
Men
CREDO 11/744 15/766
CURE 214/3839  250/3887
CLARITY  48/1400 531403
COMMIT 98716595 1084/16498
CHARISMA 267/5486  268/5473
Tatal Men
YWomen
CREDO 7/309 9/297
CURE 145/2420  140/2416
CLARITY  32/352 26/336
COMMIT 7396366 761/6393
CHARISMA 104/2316  106/2328
Total Women
T
1
m Effect of Clopidogrel Treatment on the Effect of All-Cause Mortality

Pooled ORs are from a random-effects model. Sizes of data markers are proportional to the amount of data contributed by each trial. Abbreviations as in Figure 2.

f T
1 10
Favors placebo

between women and men for the outcome of major cardio-
vascular events.

Mortality. Overall, there were 2,069 deaths in 23,522
women (Fig. 3), and this risk was not significantly reduced
by allocation to clopidogrel in women (8.7% vs. 8.8%; OR:
0.99; 95% CI: 0.90 to 1.08). Mode of mortality was
analyzed in 4 of the 5 trials; no association was noted
between clopidogrel allocation and cardiovascular mortality
(OR: 1.04; 95% CI: 0.86 to 1.25).

A total of 3,197 deaths occurred in 56,091 men, and
allocation to clopidogrel produced a highly significant 9%
proportional reduction in the risk of all-cause mortality in
men (5.4% vs. 6.0%; OR: 0.91; 95% CI: 0.84 to 0.97). The
risk reduction for cardiovascular mortality was almost iden-
tical (OR: 0.92; 95% CI: 0.80 to 1.06), although the
reduction was not statistically significant. No evidence of
statistical heterogeneity in pooled analyses between women
and men was detected for all-cause mortality (p = 0.158).
MI. There were 766 MlIs reported among the 23,533
women (Fig. 4), with the rate being 2.9% in women
allocated clopidogrel compared with 3.6% in women allo-
cated placebo (OR: 0.81; 95% CI: 0.70 to 0.93). Each trial
reported a decreased risk of MI associated with clopidogrel
treatment when analyzed separately.

There were 1,729 MIs reported among the 56,091 men
enrolled, and the MI rate was 2.8% in the clopidogrel group
compared with 3.4% in the placebo group (OR: 0.83; 95%
CI: 0.76 to 0.92). As with women, each trial reported a
decreased risk of MI associated with clopidogrel treatment.

There was no evidence of statistical heterogeneity in pooled
analyses between women and men for MI (p = 0.733).
Stroke. A total of 399 strokes occurred among women in
the 5 trials (Fig. 5), and the 9% proportional risk reduction
for total stoke with clopidogrel was not statistically signif-
icant (1.6% vs. 1.9%; OR: 0.91; 95% CI: 0.69 to 1.21), nor
were the separate effects of clopidogrel on ischemic stroke
(OR: 0.89; 95% CI: 0.71 to 1.12) or hemorrhagic stroke
(1.2% vs. 1.4%; OR: 0.82; 95% CI: 0.29 to 2.32) among
women.

A total of 739 strokes occurred among the men. There
was a significant decrease in the odds of stroke associated
with clopidogrel (OR: 0.83; 95% CI: 0.71 to 0.96). When
types of stroke were analyzed separately, there was a
significant 16% reduction in ischemic stroke (OR: 0.84;
95% CI: 0.71 to 0.99), with no significant association with
hemorrhagic stroke (OR: 0.95; 95% CI: 0.66 to 1.36).
There was no evidence of statistical heterogeneity in pooled
analyses between women and men for stroke (p = 0.552).
Major bleeding. A total of 333 major bleeding events
occurred among women (Fig. 6), with the odds being
significantly higher among women allocated clopidogrel
than among those allocated placebo (1.7% vs. 1.2%; OR:
1.43; 95% CI: 1.15 to 1.79). Each trial reported an increased
risk of major bleeding associated with clopidogrel treatment.

Among the men there were a total of 683 major bleeding
events recorded, and the rate was significantly higher among
men allocated clopidogrel than among men allocated pla-
cebo (1.3% vs. 1.1%; OR: 1.22; 95% CI: 1.05 to 1.42).
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Events, Events,
Trial Treatment Control OR (85% CI)
Men
CREDO  52/744 66/766 — 0.80 (0.55, 1.16)
CURE 206/3839  271/3887 o 0.76 (0,63, 0.91)
CLARITY  59/1400 81/1403 e | 0.72(0.51, 1.01)
COMMIT  326/16595 369/16498 1 0.58 (0.75, 1.02)
CHARISMA 144/5436  155/5473 0.92 (0.73, 1.16)
Total Men ) 0.33 (0.76, 0.92)
Women
CREDO  18/309  24/297 —_— 0.70 (0.37, 1.33)
CURE 118/2420  148/2416 - 0.79 (0.61, 1.01)
CLARITY 13/352  21/336 —_— 0.58 (0.28, 1.17)
COMMIT 163/6366 184/6393 - 0.83 (0.67, 1.03)
CHARISMA 42/2316 4512328 — 0.94 (0.61, 1.43)
Total Wormen O 0.51(0.70, 0.93)
T T
1 1 10

Favors clopidogrel

Effect of Clopidogrel Treatment on the Effect of Myocardial Infarction

Pooled ORs are from a random-effects model. Sizes of data markers are proportional to the amount of data contributed by each trial. Abbreviations as in Figure 2.

Favars placeho

There was no evidence of statistical heterogeneity in pooled
analyses between women and men for major bleeding (p =
0.243).

Subgroup analysis. When patients enrolled with an ACS
(the CURE, COMMIT, and CLARITY-TIMI 28 trials)
are analyzed separately, the efficacy and safety profile in
women and men were similar to the results seen in the entire
study population (Table 3). In the CHARISMA trial,
clopidogrel was associated with an increase in adverse events
(including death when analyzed separately) among patients
without established cardiovascular disease. We therefore
excluded these patients (n = 3,449) and evaluated the
benefit and risk of clopidogrel only among those with
established cardiovascular disease in the CHARISMA trial
and the other 4 trials (Table 3). Once again, the efficacy and
safety profile in women and men is similar to the results
seen in the entire population.

Sensitivity analyses. Deletion of individual studies did not
significantly alter the primary outcome. A funnel plot of
effect size versus study precision was symmetrical, consistent
with a lack of major publication bias. There was no evidence
of statistical heterogeneity (as measured by both the Q-test
and I%) between the trials for any of the end points
evaluated.

Discussion

In this large study comparing the efficacy and safety of
clopidogrel versus placebo between women and men, we

show that clopidogrel reduced the risk of major cardiovas-
cular events in both women and men. In women, the overall
effect of clopidogrel was driven by a reduction of MI. In
men, however, the effects of clopidogrel on MI, stroke, and
all-cause mortality were separately significant. Despite these
observations, there was no evidence of statistically signifi-
cant heterogeneity when the effect of clopidogrel was
compared between women and men, indicating that much
of the difference between men and women could be ex-
plained by play of chance. Regarding major bleeding, there
were small but real excess risks with clopidogrel therapy in
both men and women.

Benefit of clopidogrel therapy. Platelet inhibition remains
a key component in the prevention and treatment of
ischemic heart disease (6—8). Treatment with aspirin has
been shown to reduce cardiovascular morbidity and mortal-
ity in a wide variety of patients and clinical settings (29).
Large, randomized trials have shown improved outcomes
when clopidogrel is added to aspirin across the spectrum of
cardiovascular disease (16—20). In a previous meta-analysis
(30), clopidogrel was found to decrease cardiovascular mor-
bidity and mortality. However, there had not previously
been a specific analysis of the efficacy and safety of clopi-
dogrel in women compared with men.

In this pooled sex-specific analysis, we found that clopi-
dogrel confers benefit in both women and men. We noted
an absolute risk reduction of 0.8% and 0.7% in women for
the composite end point and for MI alone, respectively. In
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OR (95% CI)

0.59 (0.17, 2.01)
0.79 (0.53, 1.18)
0.88 (0.44, 1.78)
0.84 (0.66, 1.05)
0.83 (0.66, 1.04)
0.83 (0.71, 0.96)

0.96 (0.28, 3.35)
1.00 (0.61, 1.63)
0.08 (0.01, 0.59)
0.94 (0.70, 1.26)
0.95 (0.67, 1.33)
0.91 (0.69, 1.21)

Events, Events,
Trial Treatment Control
Men
CREDO 41744 7/766
CURE 43/3839 55/3887
CLARITY  15/1400 17/1403
COMMIT 133/16595 158/16498
CHARISMA 140/5486 167/5473
Total Men
Waornen
CREDO 5/309 5/297
CURE 32/2420 32/2416
CLARITY  1/352 12/336
COMMIT B86/6366 92/6393
CHARISMA 65/2316 69/2328
Total Women
T
1
m Effect of Clopidogrel Treatment on the Effect of Stroke

Favors clopidogrel

Pooled ORs are from a random-effects model. Sizes of data markers are proportional to the amount of data contributed by each trial. Abbreviations as in Figure 2.

I T
1 10
Favors placebo

other words, an average duration of 8.3 months of treatment
with clopidogrel results in an absolute benefit of approxi-
mately 8 cardiovascular events and 7 MIs prevented per
1,000 women treated. Among women with ACS, we found
an absolute risk reduction of 0.9% in women for the
composite end point, corresponding to 9 fewer cardiovas-
cular events per 1,000 women treated with clopidogrel. For
men, the absolute risk reduction for the composite and MI
end point was 1.2% and 0.6%, respectively, corresponding to
approximately 12 fewer cardiovascular events and 6 fewer
MIs prevented per 1,000 men treated for an average of 8.3
months. Among men with ACS, we found an absolute risk
reduction of 1.3% in men for the composite end point,
corresponding to 13 fewer cardiovascular events per 1,000
men treated with clopidogrel.

Safety of clopidogrel therapy. Although effective in pre-
venting further thrombotic events, clopidogrel increases the
risk of bleeding. Adding clopidogrel to aspirin therapy
resulted in a 43% and 21% increased risk of major bleeding
in women and men, respectively. Based on the absolute
increase in bleeding of 0.5% and 0.2% in women and men,
respectively, the number needed to cause 1 major bleeding
event (from an average treatment duration of 8.3 months)
with clopidogrel was 200 women and 500 men. In other
words, clopidogrel treatment over an average period of 8.3
months results in an absolute increase of approximately 5
major bleeding events per 1,000 women and 2 major
bleeding events per 1,000 men. Among those with ACS, in

whom the bleeding risk is believed to be higher, the absolute
increase in major bleeding remained 0.5% for women and
0.14% in men.

To better evaluate the balance of benefit versus risk in
both groups, we provide the number needed to treat for each
individual end point and for a net clinical end point (MI,
stroke, cardiovascular death, or major bleeding) in Table 4.
Despite no significant difference between women and men,
there seems to be a greater benefit for clopidogrel in men.
To obtain net clinical benefit over a weighted mean
follow-up of 8.3 months, one needed to treat ~101 men
and ~435 women.

Sex and antiplatelet medications. Several (9-13,31), al-
though not all (32-34), previous studies have reported a
sex-specific response to antiplatelet medications. In a sex-
specific meta-analysis of aspirin for the primary prevention
of cardiovascular disease, aspirin was shown to be effective
in reducing cardiovascular events in both women and men
(9). However, women derived benefit from a reduction in
the risk of stroke, whereas men benefited by a reduction in
MI. The increased (=70%) risk of major bleeding from
aspirin was similar between women and men (9). Another
class of antiplatelet medication, the intravenous glyco-
protein IIb/IIla inhibitors, was noted to have a significant
response by sex. Men, and not women, were noted to have
a significant reduction in cardiovascular events, although
this difference was largely attributed to patients’ baseline
risk, as assessed by troponin elevation (10). To date, there is
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Events, Events,
Trial Treatment Control OR (95% CI)
Men
CREDO B65/744 53/766 —l— 1.29(0.88, 1.88)
CURE 135/3839  111/3887 T 1.24 (0.96, 1.60)
CLARITY  22/1400 18/1403 —— 1.16 (0.63, 2.16)
COMMIT  5B/16595 53/16488 —_— 1.05(0.72,153)
CHARISMA 95/5486 7415473 T 1.29(0.95,1.75)
Total Men 0 1.22(1.05,142)
Women
CREDO 28/309 18/297 -T—— 1.54(0.84, 2.86)
CURE 9612420 582416 e 1.68(1.21,2.34)
CLARITY  11/352 11/336 —— 0.95(041,2.23)
COMMIT  2B/6366 20/6393 o 1.31(0.73,2.34)
CHARISMA 35/2316  30/2328 —ra— 1.18(0.72,1.92)
Total Wornen < 1.43(1.15,1.79)
T T
1 1 10
Favors clopidogrel  Favors placebo
Effect of Clopidogrel Treatment on the Effect of Major Bleeding
Pooled ORs are from a random-effects model. Sizes of data markers are proportional to the amount of data contributed by each trial. Abbreviations as in Figure 2.

no clinical study of clopidogrel in women and men,
respectively.

Clopidogrel, a nonreversible platelet antagonist, is a
second-generation drug in the class of thienopyridines (35).
Although clopidogrel is a more potent antiplatelet agent
than aspirin, both drugs have wide ranges of platelet
inhibition (36). Several studies have noted increased rates of
clinical events among those with decreased platelet inhibi-
tion (hyporesponsiveness) to aspirin or clopidogrel (36—42).
In response, much attention is focused on identification of
these groups with aspirin or clopidogrel hyporesponsiveness.
As has been reported with aspirin (43—45), women are also
more often found to be hyporesponsive to clopidogrel (24).
However, the clinical implication of these findings is
uncertain.

The current study shows that both women and men
benefit from clopidogrel across a wide spectrum of vascular

disease and clinical presentations. The lack of significant
heterogeneity between women and men in their response to
clopidogrel for the primary end point and each individual
component reinforces this finding. Furthermore, both
women and men are at risk for major bleeding from
clopidogrel when compared with placebo. Consistent with
prior studies (46—49), a numerically increased risk of major
bleeding was found among women compared with men;
nevertheless, no statistically significant difference existed
between the sexes. However, with a greater emphasis being
placed on bleeding and its consequences (50), this finding is
important and may affect future drug development.

Study limitations. First, as in most meta-analyses, these
results should be incorporated with caution because the
initial loading dose of clopidogrel and duration of treatment
were not uniform. Importantly, these differences did not
result in any statistically significant differences in the size of

I CRI Random-Effects ORs (95% Cls) for Clopidogrel Therapy Versus Placebo in Subgroup Analyses

Major Cardiovascular Event

All-Cause Mortality

Myocardial Infarction Stroke Major Bleeding

Enrollment for ACS
Women
Men

Established CVD

0.93 (0.85-1.01)
0.83 (0.74-0.93)

0.99 (0.90-1.09)
0.89 (0.82-0.97)

Women
Men

0.93 (0.85-1.01)
0.84 (0.78-0.92)

0.98 (0.89-1.07)
0.90 (0.83-0.96)

0.80 (0.68-0.94)
0.82(0.73-0.91)

0.80 (0.45-1.45)
0.83 (0.68-1.00)

1.50 (1.14-1.97)
1.18 (0.96-1.44)

0.81(0.70-0.94)
0.82 (0.74-0.90)

0.92 (0.67-1.27)
0.81 (0.69-0.94)

1.43 (1.14-1.79)
1.19 (1.02-1.40)

ACS = acute coronary syndromes; Cl = confidence interval; CVD = cardiovascular disease; OR = odds ratio.
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different between women and men. Whereas women de-
rived a majority of their cardiovascular benefit by reducing
the risk of MI, men had a significant reduction in the risk
of MI, stroke, and all-cause mortality. This benefit was
consistent across the spectrum of patients with cardiovas-
cular disease and did not differ by clinical presentation.

Reprint requests and correspondence: Dr. Jeffrey S. Berger, New
York University School of Medicine, 530 First Avenue, Skirball 9R,
New York, New York 10016. E-mail. jeffrey.berger@nyumc.org.

1LY Clopidogrel Versus Placebo in Sex-Stratified
Analysis for Each Individual End Point Analyzed
Change in
Clopidogrel  Placebo  Absolute Risk  NNT or
(%) (%) (%) NNH

MACE

Men 7.78 8.99 1.21 83

Women 11.02 11.76 0.74 135
All-cause mortality

Men 5.44 5.996 0.52 192

Women 8.74 8.85 0.11 909
Myocardial infarction

Men 2.80 3.36 0.56 179

Women 2.92 3.59 0.67 149
Stroke

Men 1.19 1.44 0.25 400

Women 1.61 1.95 0.34 294
Major bleeding

Men {33 111 0.22 455

Women 1.67 1.16 0.51 196
MACE + major bleeding

Men 941 10.1 0.99 101

Women 12.69 12.92 0.23 435

Major adverse cardiovascular event (MACE): myocardial infarction, stroke, or cardiovascular death.
NNH = number needed to harm; NNT = number needed to treat.

the treatment effect between the trials. Furthermore, after
removal of the largest trial with the shortest duration of
follow-up (the COMMIT trial), the results obtained were
nearly identical. Second, we were unable to determine what
effect clopidogrel has on particular subgroups of interest.
Only an analysis of patient-level data from all of the trials
would allow an examination of the benefits of clopidogrel in
particular subgroups. Third, among the 5 trials, 4 different
definitions of major bleeding were used. Although this
should not change the conclusion of the results, these
variations in major bleeding definitions make it impossible
to determine the true frequency of bleeding using any one of
the definitions. Fourth, although no significant differences
in benefit or risk from clopidogrel between men and women
were observed on heterogeneity analyses, the benefit and
risk of clopidogrel was not perfectly homogenous in women
and men, and we are unable to rule out with certainty that
some difference in benefit and risk might exist. Finally,
meta-analysis remains retrospective research that is subject
to the methodological deficiencies of the included studies.
We minimized the likelihood of bias by developing a
detailed protocol before initiating the study, by performing
a meticulous search for published and unpublished studies,
and by using explicit methods for study selection, data
extraction, and data analysis.

Conclusions

This meta-analysis of more than 23,000 women and 56,000
men shows that clopidogrel is effective in reducing cardio-
vascular events, and this difference is not significantly

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Meadows TA, Bhatt DL. Clinical aspects of platelet inhibitors and

thrombus formation. Circ Res 2007;100:1261-75.

. Davi G, Patrono C. Platelet activation and atherothrombosis. N Engl

J Med 2007;357:2482-94.

. Falk E. Coronary thrombosis: pathogenesis and clinical manifesta-

tions. Am J Cardiol 1991;68:28B-35B.

. Fuster V, Badimon L, Badimon J]J, Chesebro JH. The pathogenesis of

coronary artery disease and the acute coronary syndromes. N Engl
J Med 1992;326:310-8.

. Ruggeri ZM. Platelets in atherothrombosis. Nat Med 2002;8:

1227-34.

. Antiplatelet Trialists’ Collaboration. Collaborative overview of ran-

domised trials of antiplatelet therapy—I: prevention of death, myo-
cardial infarction, and stroke by prolonged antiplatelet therapy in
various categories of patients. BMJ 1994;308:81-106.

. Antithrombotic Trialists Collaboration. Collaborative meta-analysis of

randomised trials of antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high risk patients. BM]J 2002;324:
71-86.

. Patrono C, Coller B, FitzGerald GA, Hirsh J, Roth G. Platelet-active

drugs: the relationships among dose, effectiveness, and side effects: the
Seventh ACCP Conference on Antithrombotic and Thrombolytic
Therapy. Chest 2004;126 Suppl:234S—64S.

. Berger JS, Roncaglioni MC, Avanzini F, Pangrazzi I, Tognoni G,

Brown DL. Aspirin for the primary prevention of cardiovascular events
in women and men: a sex-specific meta-analysis of randomized
controlled trials. JAMA 2006;295:306—13.

Boersma E, Harrington RA, Moliterno DJ, et al. Platelet glycoprotein
IIb/IIIa inhibitors in acute coronary syndromes: a meta-analysis of all
major randomised clinical trials. Lancet 2002;359:189-98.

Escolar G, Bastida E, Garrido M, Rodriguez-Gomez ], Castillo R,
Ordinas A. Sex-related differences in the effects of aspirin on the
interaction of platelets with subendothelium. Thromb Res 1986;44:
837-47.

Levin RI. The puzzle of aspirin and sex. N Engl ] Med 2005;352:
1366-8.

Takovou I, Dangas G, Mehran R, et al. Gender differences in clinical
outcome after coronary artery stenting with use of glycoprotein
ITb/11Ia inhibitors. Am J Cardiol 2002;89:976-9.

CAPRIE Steering Committee. A randomised, blinded, trial of clopi-
dogrel versus aspirin in patients at risk of ischaemic events (CAPRIE).
Lancet 1996;348:1329-39.

Diener HC, Bogousslavsky J, Brass LM, et al. Aspirin and clopidogrel
compared with clopidogrel alone after recent ischaemic stroke or
transient ischaemic attack in high-risk patients (MATCH): random-
ised, double-blind, placebo-controlled trial. Lancet 2004;364:331-7.
Bhatt DL, Fox KA, Hacke W, et al. Clopidogrel and aspirin versus
aspirin alone for the prevention of atherothrombotic events. N Engl
J Med 2006;354:1706-17.

Chen ZM, Jiang LX, Chen YP, et al. Addition of clopidogrel to
aspirin in 45,852 patients with acute myocardial infarction: random-
ised placebo-controlled trial. Lancet 2005;366:1607-21.

Sabatine MS, Cannon CP, Gibson CM, et al. Addition of clopidogrel
to aspirin and fibrinolytic therapy for myocardial infarction with
ST-segment elevation. N Engl ] Med 2005;352:1179~89.


mailto:jeffrey.berger@nyumc.org

JACC Vol. 54, No. 21, 2009
November 17, 2009:1935-45

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

Steinhubl SR, Berger PB, Mann JT 3rd, et al. Early and sustained dual
oral antiplatelet therapy following percutaneous coronary intervention:
a randomized controlled trial. JAMA 2002;288:2411-20.

Yusuf' S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to
aspirin in patients with acute coronary syndromes without ST-segment
elevation. N Engl ] Med 2001;345:494-502.

Anderson JI, Adams CD, Antman EM, et al. ACC/AHA 2007
guidelines for the management of patients with unstable angina/non—
ST-elevation myocardial infarction: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 2002 Guidelines for the
Management of Patients With Unstable Angina/Non—ST-Elevation
Myocardial Infarction). ] Am Coll Cardiol 2007;50:¢1-157.

Menon V, Harrington RA, Hochman JS, et al. Thrombolysis and
adjunctive therapy in acute myocardial infarction: the Seventh ACCP
Conference on Antithrombotic and Thrombolytic Therapy. Chest
2004;126 Suppl:549S-758.

Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines
for the management of patients with ST-elevation myocardial infarc-
tion—executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 1999 Guidelines for the
Management of Patients With Acute Myocardial Infarction). ] Am
Coll Cardiol 2004;44:671-719.

Jochmann N, Stangl K, Garbe E, Baumann G, Stangl V. Female-
specific aspects in the pharmacotherapy of chronic cardiovascular
diseases. Eur Heart ] 2005;26:1585-95.

Decks J, Altman D, Bradburn M. Statistical methods for examining
heterogeneity and combining results from several studies in meta-
analysis. In: Egger M, Davey Smith G, Altman DG, editors. System-
atic Reviews in Health Care: Meta-Analysis in Context. 2nd edition.
London: BMJ Publication Group, 2001.

Mehta SR, Cannon CP, Fox KA, et al. Routine vs. selective invasive
strategies in patients with acute coronary syndromes: a collaborative
meta-analysis of randomized trials. JAMA 2005;293:2908-17.
Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. ] Natl Cancer Inst 1959;22:719-48.
Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta blockade during
and after myocardial infarction: an overview of the randomized trials.
Progr Cardiovasc Dis 1985;27:335-71.

Awtry EH, Loscalzo J. Aspirin. Circulation 2000;101:1206-18.
Helton TJ, Bavry AA, Kumbhani DJ, Duggal S, Roukoz H, Bhatt
DL. Incremental effect of clopidogrel on important outcomes in
patients with cardiovascular disease: a meta-analysis of randomized
trials. Am ] Cardiovasc Drugs 2007;7:289-97.

Ridker PM, Cook NR, Lee IM, et al. A randomized trial of low-dose
aspirin in the primary prevention of cardiovascular disease in women.
N Engl ] Med 2005;352:1293-304.

Hershey LA. Stroke prevention in women: role of aspirin versus
ticlopidine. Am ] Med 1991;91:288-92.

Cho L, Topol EJ, Balog C, et al. Clinical benefit of glycoprotein
IIb/I1Ia blockade with abciximab is independent of gender: pooled
analysis from EPIC, EPILOG and EPISTENT trials. Evaluation of
7E3 for the Prevention of Ischemic Complications. Evaluation in
Percutaneous Transluminal Coronary Angioplasty to Improve Long-
Term Outcome with Abciximab GP IIb/IIIa blockade. Evaluation of
Platelet 1Ib/IIla Inhibitor for Stent. ] Am Coll Cardiol 2000;36:
381-6.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Berger et al. 1945

Clopidogrel and Sex

Fernandes LS, Tcheng JE, O’Shea JC, et al. Is glycoprotein IIb/IIla
antagonism as effective in women as in men following percutaneous
coronary intervention? Lessons from the ESPRIT study. ] Am Coll
Cardiol 2002;40:1085-91.

Quinn M]J, Fitzgerald DJ. Ticlopidine and clopidogrel. Circulation
1999;100:1667-72.

Maree AO, Fitzgerald DJ. Variable platelet response to aspirin and
clopidogrel in atherothrombotic disease. Circulation 2007;115:2196-207.
Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. Variability in
individual responsiveness to clopidogrel: clinical implications, manage-
ment, and future perspectives. ] Am Coll Cardiol 2007;49:1505-16.
Eikelboom JW, Hirsh ], Weitz JI, Johnston M, Yi Q, Yusuf S.
Aspirin-resistant thromboxane biosynthesis and the risk of myocardial
infarction, stroke, or cardiovascular death in patients at high risk for
cardiovascular events. Circulation 2002;105:1650—-5.

Gum PA, Kottke-Marchant K, Welsh PA, White J, Topol EJ. A
prospective, blinded determination of the natural history of aspirin
resistance among stable patients with cardiovascular disease. ] Am Coll
Cardiol 2003;41:961-5.

Gurbel PA, Bliden KP, Hiatt BL, O’Connor CM. Clopidogrel for
coronary stenting: response variability, drug resistance, and the effect of
pretreatment platelet reactivity. Circulation 2003;107:2908-13.
Matetzky S, Shenkman B, Guetta V, et al. Clopidogrel resistance is
associated with increased risk of recurrent atherothrombotic events in
patients with acute myocardial infarction. Circulation 2004;109:
3171-5.

Serebruany VL, Steinhubl SR, Berger PB, Malinin Al, Bhatt DL,
Topol EJ. Variability in platelet responsiveness to clopidogrel among
544 individuals. ] Am Coll Cardiol 2005;45:246-51.

Chen WH, Lee PY, Ng W, Tse HF, Lau CP. Aspirin resistance is
associated with a high incidence of myonecrosis after non-urgent
percutaneous coronary intervention despite clopidogrel pretreatment.
J Am Coll Cardiol 2004;43:1122-6.

Dorsch MP, Lee JS, Lynch DR, et al. Aspirin resistance in patients
with stable coronary artery disease with and without a history of
myocardial infarction. Ann Pharmacother 2007;41:737-41.
Helgason CM, Bolin KM, Hoff JA, et al. Development of aspirin
resistance in persons with previous ischemic stroke. Stroke 1994;25:
2331-6.

Moscucci M, Fox KA, Cannon CP, et al. Predictors of major bleeding
in acute coronary syndromes: the Global Registry of Acute Coronary
Events (GRACE). Eur Heart ] 2003;24:1815-23.

Alexander KP, Chen AY, Newby LK, et al. Sex differences in major
bleeding with glycoprotein IIb/IIla inhibitors: results from the
CRUSADE (Can Rapid risk stratification of Unstable angina patients
Suppress ADverse outcomes with Early implementation of the ACC/
AHA guidelines) initiative. Circulation 2006;114:1380~7.

Alexander KP, Chen AY, Roe MT, et al. Excess dosing of antiplatelet
and antithrombin agents in the treatment of non—ST-segment eleva-
tion acute coronary syndromes. JAMA 2005;294:3108~-16.

Walker AM, Jick H. Predictors of bleeding during heparin therapy.
JAMA 1980;244:1209-12.

Rao SV, O’Grady K, Pieper KS, et al. Impact of bleeding severity on
clinical outcomes among patients with acute coronary syndromes.
Am ] Cardiol 2005;96:1200—6.

Key Words: sex ® antiplatelet agents ® clopidogrel ® randomized trial
® cardiovascular disease.



	The Relative Efficacy and Safety of Clopidogrel in Women and Men
	Methods
	Literature search
	Study selection
	Outcomes measures
	Statistical analysis

	Results
	Search results
	Study quality
	Major cardiovascular events
	Mortality
	MI
	Stroke
	Major bleeding
	Subgroup analysis
	Sensitivity analyses

	Discussion
	Benefit of clopidogrel therapy
	Safety of clopidogrel therapy
	Sex and antiplatelet medications
	Study limitations

	Conclusions
	REFERENCES


