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BSTRACT

 

Background

 

Studies have reported that women
with acute myocardial infarction have in-hospital and
long-term outcomes that are worse than those of men.

 

Methods

 

To assess sex-based differences in pres-
entation and outcome, we examined data from the
Global Use of Strategies to Open Occluded Coronary
Arteries in Acute Coronary Syndromes IIb study,
which enrolled 12,142 patients (3662 women and
8480 men) with acute coronary syndromes, includ-
ing infarction with ST-segment elevation, infarction
with no ST-segment elevation, and unstable angina.

 

Results

 

Overall, the women were older than the
men and had significantly higher rates of diabetes,
hypertension, and prior congestive heart failure. They
had significantly lower rates of prior myocardial in-
farction and were less likely ever to have smoked. A
smaller percentage of women than men had infarc-
tion with ST elevation (27.2 percent vs. 37.0 percent,
P<0.001), and of the patients who presented with no
ST elevation (those with myocardial infarction or un-
stable angina), fewer women than men had myocar-
dial infarction (36.6 percent vs. 47.6 percent, P<0.001).
Women had more complications than men during
hospitalization and a higher mortality rate at 30 days
(6.0 percent vs. 4.0 percent, P<0.001) but had similar
rates of reinfarction at 30 days after presentation.
However, there was a significant interaction between
sex and the type of coronary syndrome at presenta-
tion (P=0.001). After stratification according to coro-
nary syndrome and adjustment for base-line vari-
ables, there was a nonsignificant trend toward an
increased risk of death or reinfarction among wom-
en as compared with men only in the group with in-
farction and ST elevation (odds ratio, 1.27; 95 percent
confidence interval, 0.98 to 1.63; P=0.07). Among pa-
tients with unstable angina, female sex was associ-
ated with an independent protective effect (odds ra-
tio for infarction or death, 0.65; 95 percent confidence
interval, 0.49 to 0.87; P=0.003).

 

Conclusions

 

Women and men with acute coro-
nary syndromes had different clinical profiles, pres-
entation, and outcomes. These differences could not
be entirely accounted for by differences in base-line
characteristics and may reflect pathophysiologic and
anatomical differences between men and women.
(N Engl J Med 1999;341:226-32.)
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ORONARY heart disease is the leading
cause of morbidity and mortality among
women as well as men in the West. Each
year in the United States, there are 1.5 mil-

lion hospitalizations for acute coronary syndromes, in-
cluding unstable angina, myocardial infarction with no
ST-segment elevation, and infarction with ST-segment
elevation. Women with acute ischemic syndromes
tend to be older than men with such syndromes, and
they have higher rates of associated diabetes and hy-
pertension.

 

1-23

 

 Studies report that women who present
with acute myocardial infarction have worse in-hos-
pital and long-term prognoses than men.

 

1-5,7,8,12-18,21

 

 It
is uncertain whether these differences reflect differ-
ences in base-line characteristics or pathophysiologic
distinctions between men and women. The Global
Use of Strategies to Open Occluded Coronary Ar-
teries in Acute Coronary Syndromes (GUSTO IIb)
trial involves a large cohort of men and women who
presented with acute coronary syndromes, therefore
affording the opportunity to examine sex-based dif-
ferences in presentation and outcome.

 

METHODS

 

Patients

 

Details of the GUSTO IIb trial have been reported previous-
ly.

 

24

 

 The trial enrolled consecutive patients who presented with
an acute coronary syndrome, including myocardial infarction
with ST elevation, infarction with no ST elevation, and unstable
angina. Electrocardiographic criteria included persistent or tran-
sient ST elevation or depression of more than 0.5 mm or definite
T-wave inversion of more than 1 mm. An infarction was consid-
ered to have occurred at the time of enrollment if the level of cre-
atine kinase MB isoenzyme was above normal (and at least 3 per-
cent of the total creatine kinase level) at base line or eight hours
after enrollment. If the creatine kinase MB level was elevated 16
hours after enrollment, and if no symptoms occurred between
enrollment and the 16th hour, we considered the patient to have
had an infarction at enrollment. If the creatine kinase MB level
had not been measured, then the total creatine kinase level had
to be more than twice the upper limit of the normal range at base
line or 8 or 16 hours after enrollment.

C
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Thrombolytic therapy with either streptokinase or an acceler-
ated infusion of alteplase was administered at the discretion of the
attending physician. Patients were randomly assigned to receive
three to five days of hirudin or heparin. Demographic and med-
ical data were collected for all enrolled patients during hospital-
ization and for up to 30 days of follow-up.

The decision to perform coronary angiography was based on
clinical factors. The primary end point of the study was a com-
posite of death or nonfatal infarction within 30 days after enroll-
ment. The analysis of sex differences in outcomes was a prospec-
tive substudy.

 

Statistical Analysis

 

We compared the base-line characteristics and clinical out-
comes of women with those of men. We used adjusted base-line
models to determine whether the differences between the sexes
in certain base-line characteristics persisted after adjustment for
other base-line characteristics. We adjusted for age, hypertension,
diabetes, smoking status, hyperlipidemia, previous infarction, pre-
vious angina, previous heart failure, cerebrovascular disease, pre-
vious bypass surgery, previous angioplasty, peripheral vascular
disease, heart rate, and systolic blood pressure. Statistical testing
was performed with the use of the chi-square test for categorical
variables and the Wilcoxon rank-sum test for continuous vari-
ables. Multivariable logistic-regression techniques were used to
determine whether women were more likely than men not to
have ST elevation (that is, to have myocardial infarction without
ST elevation or to have unstable angina). Similarly, we created lo-
gistic models to determine whether women in this stratum were
more likely than men to present with unstable angina. 

We created multivariable logistic-regression models to deter-
mine, after adjusting for base-line differences, the effect of sex on
the rates of death at 30 days, death or infarction (or reinfarction)
at 30 days, and moderate or severe bleeding. We tested interac-
tions between sex and acute coronary syndrome (infarction with
ST elevation, infarction with no ST elevation, or unstable angina)
to determine whether the effect of sex on outcome was similar in
the three groups. We imputed missing base-line characteristics for
all patients, using a method for the simultaneous imputation and
transformation of predictor variables that is based on the concepts
of maximal generalized variance and canonical variables.

 

25

 

 We tested
predictors in each model using the Wald chi-square test. We also
present results as odds ratios and 95 percent confidence intervals.

 

RESULTS

 

Base-Line Characteristics

 

A total of 12,142 patients were enrolled in the tri-
al: 8480 men (69.8 percent) and 3662 women (30.2
percent). Of these patients, 3693 (30.4 percent) were
enrolled in U.S. centers (2441 men and 1252 wom-
en) and 8449 (69.6 percent) were enrolled outside
the United States (6039 men and 2410 women).
Overall, the women were older than the men and
were more likely to have hypertension, diabetes, el-
evated total cholesterol levels, and a history of angi-
na, congestive heart failure, and cerebrovascular dis-
ease (Table 1). They were less likely ever to have
smoked and less likely to have a history of peripheral
vascular disease, myocardial infarction, angioplasty,
or bypass surgery. These differences in the base-line
characteristics, except for cerebrovascular disease, per-
sisted after adjustment for the other base-line char-
acteristics. At presentation, the women had higher
systolic blood pressures and higher heart rates than
the men and were in higher Killip classes.

 

Relation of Sex to Type of Coronary Syndrome
at Presentation

 

Of the 12,142 patients in the study, 4131 present-
ed with ST elevation at enrollment, and 8011 had
infarction with no ST elevation or unstable angina
with no ST elevation. Significantly fewer women than
men presented with ST elevation (27.2 percent vs.
37.0 percent, P<0.001). Similarly, of the 8009 pa-
tients with no ST elevation for whom data were com-
plete, only 36.6 percent of the women (974 of 2664)
had infarction, as compared with 47.6 percent of the
men (2544 of 5345, P<0.001). For 2 of the 8011
patients with no ST elevation (1 man and 1 woman),
we were unable to determine the status of myocar-
dial infarction at enrollment, so these patients were
excluded from the analysis.

The base-line characteristics of patients who pre-
sented with ST elevation on electrocardiography dif-
fered from those of patients with no ST elevation.
Characteristics that were associated with an increased
likelihood of the absence of ST elevation were pre-
vious infarction, previous bypass surgery, previous an-
gina, hyperlipidemia, family history of myocardial in-
farction, previous congestive heart failure, previous
cerebrovascular disease, higher systolic blood pressure,
lower diastolic blood pressure, and greater height. In
contrast, diabetes, treatment at a center in the United
States, white race, higher Killip class at base line, and
current smoking were associated with an increased
likelihood of ST elevation. After adjustment for the
base-line differences, female sex remained a signifi-
cant predictor of the absence of ST elevation at pres-
entation (chi-square=38.24; P<0.001; odds ratio,
1.50; 95 percent confidence interval, 1.32 to 1.71). 

Among patients with no ST elevation, the follow-
ing were associated with an increased likelihood of
presenting with unstable angina: previous bypass sur-
gery, previous angioplasty, previous angina, previous
congestive heart failure, and higher systolic blood
pressure. Current smoking, rales, white race, U.S. cen-
ter, greater age, greater heart rate, greater weight, and
higher diastolic blood pressure were associated with
a decreased likelihood of unstable angina at presen-
tation. After adjustment for these differences, wom-
en were still significantly more likely than men to
present with unstable angina (chi-square=47.76; P<
0.001; odds ratio, 1.51; 95 percent confidence inter-
val, 1.34 to 1.69).

 

Angiographic Characteristics

 

Coronary angiography was performed in 1941
women (53.0 percent) and 5025 men (59.3 per-
cent, P<0.001). Among the 4638 men and 1768
women for whom angiographic data were available
(92.0 percent of the patients who underwent an-
giography), women in all subgroups were signifi-
cantly more likely than men to have no severe ste-
nosis (Table 2).
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*Because of rounding, not all percentages total 100. For two patients (one man and one woman) without ST elevation, it was unknown whether they
had myocardial infarction at enrollment; these patients have been excluded. 
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Age — yr
Median
25th and 75th percentiles

61
51, 69

69
62, 76

<0.001
64

55, 72
71

63, 77

<0.001
64

54, 71
68

60, 75

<0.001

Black race — % 2.6 3.4 0.17 2.0 4.0 0.001 3.1 4.0 0.13

Hypertension — % 36 54 <0.001 41 59 <0.001 45 57 <0.001

Diabetes — % 14 22 <0.001 17 22 <0.001 17 23 <0.001

Current or former smoker — % 76 46 <0.001 76 40 <0.001 74 38 <0.001

Elevated total cholesterol — % 34 43 <0.001 38 45 0.001 39 47 <0.001

Prior myocardial infarction — % 18 13 0.001 31 24 <0.001 38 27 <0.001

Prior angina — % 46 53 <0.001 68 72 0.08 82 82 0.54

Prior congestive heart failure — % 2.4 4.0 0.005 4.6 9.5 <0.001 6.1 10.2 <0.001

Cerebrovascular disease — % 1.6 2.0 0.42 2.4 4.9 <0.001 2.9 3.4 0.35

Prior bypass surgery — % 5.4 3.5 0.02 11.2 6.5 <0.001 16.6 9.2 <0.001

Prior angioplasty — % 5.8 5.2 0.51 6.8 4.8 0.03 14.4 11.8 0.01

Peripheral vascular disease — % 7.3 6.2 0.26 9.0 6.7 0.03 9.4 7.9 0.09

Heart rate —beats/min
Median
25th and 75th percentiles

74
63, 85

76
65, 86

0.008
73

63, 85
80

68, 90

<0.001
71
62, 83

76
67, 86

<0.001

Systolic blood pressure — mm Hg
Median
25th and 75th percentiles

130
115, 146

132
115, 150

0.03
133

120, 150
140

120, 155

<0.001
138

120, 150
140

125, 160

<0.001

Killip class — no. (%)
1 (no heart failure)
2 (heart failure)
3 (pulmonary edema)
4 (cardiogenic shock)
Unknown

2793 (89.1)
290 (9.3)
26 (0.8)
13 (0.4)
12 (0.4)

821 (82.3)
140 (14.0)
17 (1.7)
9 (0.9)

10 (1.0)

<0.001
2168 (85.2)
288 (11.3)
41 (1.6)
7 (0.3)

40 (1.6)

764 (78.4)
174 (17.9)
23 (2.4)
4 (0.4)
9 (0.9)

<0.001
2497 (89.1)
239 (8.5)
19 (0.7)
1 (0.04)

45 (1.6)

1456 (86.2)
184 (10.9)
24 (1.4)
3 (0.2)

23 (1.4)

<0.001

*Because of rounding, not all percentages total 100. Data are shown for the 4638 men and 1768 women for whom
angiographic data were available.

†P=0.02 for the comparison with one, two, or three diseased vessels.

‡P=0.001 for the comparison with one, two, or three diseased vessels.

§P<0.001 for the comparison with one, two, or three diseased vessels.
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no. (%) no. (%) no. (%)

 

No. of diseased
vessels

0
1
2
3

119 (6.8)
820 (46.6)
469 (26.7)
351 (20.0)

50 (10.2)†
226 (45.9)
130 (26.4)
86 (17.5)

0.07

55 (4.2)
409 (31.5)
406 (31.3)
429 (33.0)

41 (9.1)‡
147 (32.7)
130 (28.9)
132 (29.3)

0.001

220 (13.9)
464 (29.4)
430 (27.2)
466 (29.5)

252 (30.5)§
217 (26.3)
169 (20.5)
188 (22.8)

<0.001
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Complications during Hospitalization

 

Table 3 shows the complications that occurred
during hospitalization. Women were in higher Killip
classes than men (P<0.001), and they had higher
rates of bleeding (29.2 percent vs. 25.6 percent,
P<0.001). In a model containing only sex, type of
acute coronary syndrome, and the interaction be-
tween the two terms, female sex was associated with
an increased risk of moderate or severe bleeding
(P<0.001). There was a significant interaction be-
tween sex and the type of acute coronary syndrome
(P=0.002). Women in all three groups had a signif-
icantly higher risk of moderate or severe bleeding
than men, especially in the group of patients who
had infarction with ST elevation (infarction with ST
elevation: odds ratio, 2.41; 95 percent confidence
interval, 1.94 to 2.99; P<0.001; infarction with no
ST elevation: odds ratio, 1.72; 95 percent confidence
interval, 1.36 to 2.18; P<0.001; and unstable angi-
na: odds ratio, 1.42; 95 percent confidence interval,
1.15 to 1.74; P=0.001). These differences remained
significant after the exclusion of patients who under-
went invasive procedures.

In addition, we constructed a model for moderate
or severe bleeding, adjusting for the base-line pre-
dictors identified by Berkowitz et al.

 

26

 

 We adjusted

for black race, age, weight, pulse, diastolic blood pres-
sure, previous angina, hypertension, anterior loca-
tion of infarct, current smoking, treatment (desiru-
din [the current name for hirudin] vs. heparin), Killip
class, U.S. center, and the interaction between Killip
class and U.S. center. We included treatment at a U.S.
center as a variable because it was a significant predic-
tor of moderate or severe bleeding in the GUSTO I
trial, possibly because revascularization procedures
are used more frequently in the United States than
in other countries. However, because the study did
not record when bleeding occurred relative to the
procedure, this relation could not be verified.

After adjustment for these base-line differences,
female sex remained a significant predictor of mod-
erate or severe bleeding (P=0.04), with a trend to-
ward significance for the interaction between sex and
the type of acute coronary syndrome (P=0.11). Af-
ter adjustment, female sex was associated with mod-
erate or severe bleeding only in the group of patients
who had infarction with ST elevation (odds ratio,
1.43; 95 percent confidence interval, 1.12 to 1.83;
P=0.004). The adjusted rates of moderate or severe
bleeding were similar among women and men who
had infarction with no ST elevation (odds ratio, 1.04;
95 percent confidence interval, 0.80 to 1.37; P=0.32)

 

*Because of rounding, not all percentages total 100. For two patients (one man and one woman)
without ST elevation, it was unknown whether they had myocardial infarction at enrollment; these
patients have been excluded.

TABLE 3. COMPLICATIONS DURING HOSPITALIZATION.*

COMPLICATION

MYOCARDIAL INFARCTION

WITH ST ELEVATION

MYOCARDIAL INFARCTION

WITH NO ST ELEVATION UNSTABLE ANGINA

MEN

(N=3134)
WOMEN

(N=997)
MEN

(N=2544)
WOMEN

(N=974)
MEN

(N=2801)
WOMEN

(N=1690)

percent

Any bleeding 30 40 25 28 21 24

Moderate or severe 
bleeding

7.3 15.9 8.1 13.1 8.0 10.9

Any stroke 0.8 1.8 0.9 0.9 0.8 0.5

Hemorrhagic stroke 0.4 0.7 0.1 0.1 <0.1 0.1

Worst Killip class
1
2
3
4

73
19
4.1
3.9

63
25
5.9
6.9

72
20
3.7
4.0

61
25
7.9
6.3

82
15
1.9
1.1

77
17
3.4
2.0

Acute mitral regurgitation 0.6 1.6 0.7 1.5 0.2 0.2

Sustained hypotension 7.3 11.9 5.1 6.7 1.9 2.7

Atrioventricular block 5.4 7.4 1.7 3.0 1.0 2.0

Sustained ventricular 
tachycardia

4.3 4.2 1.8 2.4 0.9 0.8

Ventricular fibrillation 4.6 4.6 2.4 2.2 1.2 0.4

Asystole 2.3 3.8 1.8 2.3 0.9 0.8

Electromechanical 
dissociation

1.3 2.9 1.1 1.7 0.5 0.3

Atrial fibrillation or flutter 8.6 11.0 7.0 10.2 6.0 5.0

Pulmonary edema 6.0 8.5 6.1 11.3 2.4 3.3
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or unstable angina (odds ratio, 1.05; 95 percent con-
fidence interval, 0.83 to 1.33; P=0.43).

Despite these findings, the rates of stroke did not
differ significantly between men and women (0.83
percent vs. 1.0 percent for any stroke and 0.2 per-
cent vs. 0.3 percent for hemorrhagic stroke). Like-
wise, after stratification according to the type of cor-
onary syndrome, the rates of hemorrhagic stroke were
not significantly higher among women than among
men, although the small number of hemorrhagic
strokes in this population (26) meant that the test
had little power to detect significant differences. Rates
of hemorrhagic stroke were significantly higher among
women with ST elevation than among women in the
other two groups.

Outcome in Relation to Sex and Strata

Women had a significantly higher mortality rate at
30 days than did men (6.0 percent vs. 4.0 percent,
P<0.001) and similar rates of reinfarction (6.2 per-
cent vs. 5.6 percent, P=0.19). After adjustment for
the base-line differences, the overall rates of death or
reinfarction at 30 days were similar for women and
men (P=0.47). However, when the interaction be-
tween sex and the type of coronary syndrome was
added to the model, it was significant (P=0.001).
There was a nonsignificant trend toward a higher risk
of death or reinfarction among women as compared
with men only in the group with ST elevation (odds
ratio, 1.27; 95 percent confidence interval, 0.98 to
1.63; P=0.07). The adjusted risk of death or rein-
farction at 30 days for women who had infarction
with no ST elevation was similar to that for men
(odds ratio, 0.93; 95 percent confidence interval,
0.72 to 1.21; P=0.61). In the group with unstable
angina, female sex was associated with an independ-
ent protective effect (odds ratio for death or infarc-
tion, 0.65; 95 percent confidence interval, 0.49 to
0.87; P=0.003).

DISCUSSION

Multiple studies1-23 have shown that women with
acute ischemic syndromes tend to be older than men
with such syndromes and are more likely to have a his-
tory of hypertension, diabetes, angina, and conges-
tive heart failure. They are less likely to be smokers
and less likely to have had a prior infarction. Our
study confirms these findings.

In our trial, the proportion of women with ST el-
evation was significantly lower than that of men,
whereas the proportion of women with unstable an-
gina was significantly higher than that of men. Even
after adjustment for base-line differences, women were
significantly less likely to present with the syndrome
associated with occlusive thrombus — that is, with
infarction with ST elevation.

Results from other clinical trials parallel these
findings. Trials that examined thrombolytic therapy

in patients who had acute infarction with ST eleva-
tion consistently enrolled a smaller percentage of
women than did trials that included patients with
other acute ischemic syndromes. Only 18 to 25 per-
cent of the patients in these studies were women,12-16

percentages remarkably lower than the 34 percent
enrolled in the Thrombolysis in Myocardial Infarc-
tion (TIMI) III study of patients who presented with
unstable angina or non–Q-wave myocardial infarc-
tion. In that trial, the ratio of men to women with a
non–Q-wave infarction was significantly greater than
the ratio of men to women with unstable angina
(2.6 vs. 1.7, P=0.001). Also consistent with our find-
ings, the Multicenter Investigation of the Limitation
of Infarct Size reported that women were more like-
ly than men to have non–Q-wave infarction (46 per-
cent vs. 35 percent, P<0.05).18 The TIMI III in-
vestigators cautioned, however, that the sex ratios in
clinical trials may be biased, with women more often
excluded because of ineligibility for thrombolytic
therapy.11

Population-based studies and studies based on hos-
pital registries have reported that the incidence of a
first acute infarction is significantly higher among men
than among women27,28 but that the incidence of an-
gina is greater among women.29 Among patients with
a definite infarction, men are significantly more like-
ly than women to have a Q-wave infarction.23

Studies of sex-based differences among hospital-
ized patients with acute coronary syndromes consis-
tently demonstrate that among patients who present
with symptoms suggestive of cardiac ischemia, myo-
cardial infarction develops in a larger percentage of
men than women.1,4,29 However, the results of stud-
ies reporting the relative ratios of Q-wave to non–
Q-wave infarction among men and women who were
hospitalized for acute myocardial infarction have not
been as uniform.2,5,8,9,17,20,29 Differences in study de-
sign most likely account for the variability in results;
some studies included patients within a specific age
range, or performed age-adjusted analyses.8,20,22 The
results of these investigations suggest that sex-based
differences in presentation are significant only among
younger patients and are no longer present after ad-
justment for age.8,9,20 The Myocardial Infarction Tri-
age and Intervention registry, however, demonstrat-
ed that among patients who were hospitalized for
suspected acute infarction, women had confirmed in-
farction less often, independent of age.1 These results
parallel our findings. 

Differences between the sexes in coronary syn-
dromes may relate to differences in thrombotic and
fibrinolytic activity30-33 or differences in the extent
and severity of coronary disease and the presence of
collateral blood flow.11,34,35 Our findings of higher
rates of clinically insignificant coronary artery disease
among women confirm prior reports11,34; 30.5 per-
cent of women with unstable angina did not have
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clinically significant stenosis, as compared with 13.9
percent of men. However, the conclusions we can
draw are limited, because coronary angiography was
not performed in all patients and because it was per-
formed less often in women. The Coronary Artery
Surgery Study reported that women had higher rates
of angina than men, even when the patients were strat-
ified according to the number of diseased vessels.36

The women in our study were more likely than
the men to have congestive heart failure during hos-
pitalization, as was also found in many previous
studies.1,4,9,13-15,21 This finding may relate to the fact
that a higher percentage of women have heart failure
or a history of heart failure at presentation, and it
may also reflect diastolic dysfunction in women.11

The primary limitation of fibrinolytic therapy is
the associated risk of bleeding, including hemorrhag-
ic stroke. Clinical trials examining the efficacy of var-
ious thrombolytic regimens have shown that women
are at greater risk for bleeding, although the overall
benefit is similar to that for men.12-15,26,37 We found
that the rate of moderate or severe bleeding was high-
er among women, regardless of the type of coronary
syndrome at presentation. There was no difference
between men and women in the response to treat-
ment with hirudin or heparin. In a model adjusted
for significant base-line predictors, female sex was as-
sociated with moderate or severe bleeding only in
the group with ST elevation. The fixed dose of hep-
arin that was widely used (a 5000-U bolus, followed
by an intravenous infusion of 1000 U per hour) is
probably too high for women with low body weight.
Weight-adjusted regimens for low-body-weight pa-
tients are now used more widely.38,39

We found that the crude rates of ischemic events,
including death and nonfatal infarction, at 30 days
were significantly higher for women than men. How-
ever, the relative outcomes for women as compared
with men differed depending on the type of coro-
nary syndrome at presentation. After adjustment for
differences in base-line variables, the 30-day event rate
among women with infarction and ST elevation was
only marginally higher than that among men; the
rate among women who had infarction with no ST
elevation was the same as that among men, and wom-
en with unstable angina had fewer events than men.

Previous studies have also reported that women with
acute myocardial infarction have higher in-hospital and
short-term mortality rates than do men.1-5,7,8,12-18,21

Studies of women and men with unstable angina or
infarction without ST elevation, however, have dem-
onstrated similar outcomes, despite the fact that the
women were older and had more coexisting condi-
tions than the men.11 After adjustment for such dif-
ferences, many studies1-5,8,12,14-16 have concluded that
sex is not an independent predictor of mortality after
acute myocardial infarction. However, some studies
have reported a higher risk of death among women

that was independent of base-line variables.7,9,13,16,17,22

The variability in results probably reflects the mixed
populations studied, with differing percentages of
patients with non–Q-wave and Q-wave infarction.
We compared sex-based differences in outcome for
each acute coronary syndrome, a design that enabled
us to determine the outcome in a well-defined pop-
ulation.

Because differences between men and women in
the risk of death and nonfatal infarction were evident
in patients with unstable angina and infarction with
ST elevation and were independent of base-line var-
iables, other factors are likely to have influenced the
prognosis. Differences in underlying anatomy or path-
ophysiology11,30-35 or in the rates of referral for diag-
nostic testing and revascularization2,34 may influence
outcome; we found that women had lower rates of
coronary angiography and were less likely to have clin-
ically significant coronary artery stenosis. The latter
finding may explain the better outcome for women
with unstable angina, but it did not seem to affect
the outcomes for women with myocardial infarction.
Perhaps reduced collateral blood flow in women35

accounts for the higher rate of complications when
total coronary occlusion (infarction with ST eleva-
tion) occurs. It would also explain the finding of a
higher rate of angina with less extensive coronary
disease among women. Further research is needed
to determine which factors account for the signifi-
cant differences in outcome.

We are indebted to John Daniel for excellent editorial assistance
and to the study investigators and coordinators. The complete list of
study investigators and coordinators has been published previously.24
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