The New England
Journal of Medicine

© Copyright, 1999, by the Massachusetts Medical Society

VOLUME 341

-

Jury 22, 1999

s>

NUMBER 4

SEX-BASED DIFFERENCES IN EARLY MORTALITY AFTER MYOCARDIAL
INFARCTION

VioLA VACCARINO, M.D., PH.D., Lori PARsoNs, B.S., NATHAN R. Every, M.D., M.P.H., HAL V. BarroN, M.D.,
AND HARLAN M. KrumHOLZ, M.D., FOR THE NATIONAL REGISTRY OF MYOCARDIAL INFARCTION 2 PARTICIPANTS*

ABSTRACT

Background There is conflicting information about
whether short-term mortality after myocardial infarc-
tion is higher among women than among men after
adjustment for age and other prognostic factors. We
hypothesized that younger, but not older, women
have higher mortality rates during hospitalization than
their male peers.

Methods We analyzed data on 384,878 patients
(155,665 women and 229,313 men) who were 30 to
89 years of age and who had been enrolled in the
National Registry of Myocardial Infarction 2 between
June 1994 and January 1998. Patients who had been
transferred from or to other hospitals were excluded.

Results The overall mortality rate during hospital-
ization was 16.7 percent among the women and 11.5
percent among the men. Sex-based differences in
the rates varied according to age. Among patients
less than 50 years of age, the mortality rate for the
women was more than twice that for the men. The dif-
ference in the rates decreased with increasing age
and was no longer significant after the age of 74 (P<
0.001 for the interaction between sex and age). Lo-
gistic-regression analysis showed that the odds of
death were 11.1 percent greater for women than for
men with every five-year decrease in age (95 percent
confidence interval, 10.1 to 12.1 percent). Differences
in medical history, the clinical severity of the infarc-
tion, and early management accounted for only about
one third of the difference in the risk. After adjust-
ment for these factors, women still had a higher risk
of death for every five years of decreasing age (in-
crease in the odds of death, 7.0 percent; 95 percent
confidence interval, 5.9 to 8.1 percent).

Conclusions After myocardial infarction, younger
women, but not older women, have higher rates of
death during hospitalization than men of the same
age. The younger the age of the patients, the higher
the risk of death among women relative to men.
Younger women with myocardial infarction represent
a high-risk group deserving of special study. (N Engl
J Med 1999;341:217-25.)
©1999, Massachusetts Medical Society.

ITH the recognition of cardiovascular
disease as the number-one cause of
death among women in the United
States,! considerable interest has been
focused on the study of sex-based differences in the
outcome of myocardial infarction. However, after
about a decade of research on this topic, studies are
conflicting about whether short-term mortality after
myocardial infarction is higher among women than
men, after adjustment for differences in age and other
prognostic factors.213
The traditional approach has been to compare men
and women after adjustment for age and other co-
variables. However, younger women (those less than
65 or 70 years of age) who have a myocardial infarc-
tion may represent a distinct group in terms of risk
factors and pathophysiology.'41® We recently report-
ed a significant interaction between sex and age with
respect to short-term mortality after myocardial in-
farction.?® The mortality rate among women younger
than 75 years of age was twice that among men in
that age group, whereas we found no differences in
mortality among older patients. However, our previ-
ous study was limited by a sample size that allowed
stratification into only two age groups.
The purpose of the present study was to confirm
the hypothesis that age has a significant effect on
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS, EARLY TREATMENTS, AND CHARACTERISTICS OF THE HOSPITALS

IN THE ENTIRE GROUP AND ACCORDING TO AGE.*

CHARACTERISTIC ALL PATIENTST AGe Grour#
WOMEN MEN
(N=155,565)  (N=229,313) 30-59 YR 60-69 YR 70-79 YR 80-89 YR
percent odds ratio for characteristic

Nonwhite race 16.0 15.2 1.41 1.32 1.18 1.03
Primary medical insurance
Commercial or preferred provider organization§ 12.0 24.1 1.00 1.00 1.00 1.00
Health maintenance organization 7.4 11.1 1.08 1.09 1.08 1.03
Medicare 67.2 48.8 1.51 1.52 1.38 1.38
Medicaid 3.7 2.6 2.77 2.90 1.90 1.53
Other 9.7 13.2 1.12 1.24 1.22 1.27
Medical history
Previous myocardial infarction 244 28.3 0.80 0.72 0.70 0.73
Previous angina 18.4 17.6 1.03 0.92 0.91 0.90
Previous congestive heart failure 20.7 12.8 1.95 1.54 1.23 1.17
Previous coronary bypass 8.8 15.4 0.70 0.52 0.47 0.42
Previous coronary angioplasty 6.0 9.3 0.70 0.70 0.69 0.67
Previous stroke 11.2 8.4 1.73 1.23 1.02 091
Diabetes 33.1 24.8 2.14 1.67 1.30 1.11
Hypertension 59.3 47.1 1.45 1.46 1.53 1.66
Current smoker 18.8 29.3 0.90 0.96 0.90 0.59
Hypercholesterolemia 23.0 24.6 0.92 1.15 1.26 1.47
Diagnosis at admission
Myocardial infarction or rule out myocardial infarction§ 63.3 69.5 1.00 1.00 1.00 1.00
Unstable angina 10.6 12.1 1.06 0.92 0.87 0.84
Other 26.1 18.4 1.84 1.45 1.17 1.01
Clinical characteristics at admission
Killip class

1 (no heart failure)§ 66.1 76.1 1.00 1.00 1.00 1.00

2 (heart failure) 214 15.4 1.51 1.35 1.16 1.06

3 (pulmonary edema) 10.5 6.9 1.95 1.57 1.23 1.13

4 (cardiogenic shock) 1.9 1.6 1.67 1.32 1.11 0.95
No chest pain 36.8 277 1.52 1.32 1.15 1.04
Systolic blood pressure (mm Hg)

>120§ 77.1 78.2 1.00 1.00 1.00 1.00

90-120 17.5 17.4 1.16 1.01 0.95 0.89

<90 5.5 4.4 1.72 1.27 1.06 0.94
Pulse >100 beats/min 29.0 21.8 1.62 1.47 1.20 1.14
Findings on initial electrocardiogram

ST elevation 375 424 0.77 0.89 1.04 1.17

ST depression 27.9 28.2 0.97 1.01 1.06 1.00

Q-wave 10.2 11.7 0.77 0.88 0.96 1.07

Left bundle-branch block 7.8 5.8 1.44 1.19 0.98 0.98

Right bundle-branch block 5.1 7.0 0.79 0.63 0.56 0.52

Nonspecific changes 36.7 32.8 1.29 1.14 1.06 1.02
Time to presentation
<2 hr§ 29.4 36.8 1.00 1.00 1.00 1.00
2-6 hr 20.1 20.4 1.22 1.18 1.15 1.04
>6 hr 135 12.9 1.24 1.26 1.27 1.12
Unknown 37.0 29.9 1.52 1.39 1.28 1.11
Management in first 24 hours
Thrombolytic therapy 16.2 225 0.75 0.84 0.94 0.98
Alternative reperfusion strategy 7.4 11.5 0.76 0.80 0.81 0.86
Aspirin 71.8 78.6 0.63 0.77 0.88 0.95
Intravenous beta-blockers 11.0 14.7 0.77 0.90 0.94 1.03
Oral beta-blockers 31.7 358 0.81 0.87 0.98 1.09
Angiotensin-converting—enzyme inhibitors 20.3 169 0.90 0.84 0.82 0.77
Characteristics of the hospitals
No. of beds

<200§ 26.7 24.2 1.00 1.00 1.00 1.00

201-400 449 45.1 0.99 0.97 0.99 1.02

401-600 18.9 20.1 0.99 0.95 0.95 0.98

>600 9.4 10.5 0.98 0.97 0.89 1.01
Facilities for cardiovascular procedures

Cardiac surgery§ 58.4 65.7 1.00 1.00 1.00 1.00

Cardiac catheterization without cardiac surgery 28.0 235 1.21 1.17 1.19 1.09

Neither 13.6 10.8 1.16 1.16 1.15 1.04
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TABLE 1. CONTINUED.

CHARACTERISTIC
WOMEN

(N=155,565)

Year of discharge

1994§ 10.7
1995 30.2
1996 324
1997-January 1998 26.7

ALL PATIENTST

percent

AGE GROUPF
MEN
(N=229,313) 30-59 YR 60-69 YR  70-79 YR  80-89 YR
odds ratio for characteristic

11.0 1.00 1.00 1.00 1.00
30.2 1.01 1.00 1.02 1.03
32.3 1.02 1.02 1.00 1.02
26.5 1.04 1.00 1.01 0.97

*Percentages do not always total 100 because of rounding. P values are not reported because, given the large number of patients, assessing whether

differences are statistically significant is not informative.

1The mean (+SD) age of the women was 72.4+12.0 years, and the mean age of the men was 65.6+13.1 years.

1The respective numbers of women and men were as follows: 24,992 and 78,398 in the group that was 30 to 59 years of age, 30,524 and 55,615 in
the group that was 60 to 69 years of age, 50,793 and 60,544 in the group that was 70 to 79 years of age, and 49,256 and 34,756 in the group that was
80 to 89 years of age. The odds ratio is for the comparison of women with men.

§This group was used as the reference category.

short-term mortality after myocardial infarction and to
determine the reasons for this effect. We hypothesized
that the younger the patients, the higher the risk of
death during hospitalization among women relative
to men.

METHODS
Patients

The National Registry of Myocardial Infarction 2 is a prospec-
tive, observational study of patients admitted to the hospital with
acute myocardial infarction that was initiated on June 1, 1994. Par-
ticipating hospitals enroll consecutive patients with acute myocar-
dial infarction, as described previously.2! The methods of case as-
certainment and data acquisition have been validated.?? By January
31, 1998, a total of 691,995 patients from 1658 U.S. hospitals
had been enrolled. In the current analysis, we excluded 143,366
patients who were transferred from a participating hospital to an-
other acute care institution, since the outcome after transfer was not
known. We also excluded 886 patients with missing information
on age, 16,925 patients who were 90 years of age or older, and
1189 patients who were less than 30 years of age, since myocardial
infarction is rare in this age group, particularly among women. In
our main analysis we also excluded 144,751 patients who had been
transferred from other acute care hospitals, since admission data
were often missing and, when they were not, they were thought
to be less accurate. Therefore, 384,878 patients (155,565 women
and 229,313 men) were included in this analysis. Since transferred
patients accounted for 22 percent of all patients in the registry,
and since more men (23.8 percent) than women (19.0 percent) had
been transferred, we repeated the analyses with the sample that in-
cluded patients who had been transferred to participating hospitals.

Clinical Variables

Information on clinical variables (Table 1) was abstracted from
the medical records at each hospital.2! The degree of ventricular
dysfunction was assessed with use of the Killip classification.??

Statistical Analysis

First, we compared the mortality rate during hospitalization
among women and men according to five-year age groups. We
used the Breslow—Day test to assess whether there was an inter-

action between age and sex.2* Next, we compared the base-line
characteristics of the women and men, treatment factors, events
that occurred during hospitalization, and characteristics of the
hospitals with the use of four age groups (30 to 59 years, 60 to
69 years, 70 to 79 years, and 80 to 89 years). We then used a
series of logistic-regression models to assess the effect of groups
of variables on the associations of interest (sex and its interaction
with age). We calculated odds ratios with their 95 percent confi-
dence intervals from these models.

The first model included sex as an explanatory variable. In sub-
sequent models, we added sequentially age, the interaction be-
tween sex and age, other demographic factors (race and insur-
ance status), coexisting conditions (myocardial infarction, angina,
congestive heart failure, stroke, coronary-artery bypass grafting,
percutaneous transluminal coronary angioplasty, hypertension,
diabetes, hypercholesterolemia, and current smoking), clinical in-
dicators of the severity of the infarction, management in the first
24 hours after infarction, time from the onset of symptoms to pres-
entation at the hospital, and characteristics of the hospitals. Each
model also included three dummy variables for the year of dis-
charge (1994, 1995, and 1996, with 1997-1998 used as the ref-
erence category). Given the large number of patients and the fact
that all the candidate variables were deemed relevant, the size of
the model was not reduced. In the case of two variables for which
data were missing for at least 5 percent of patients — time to pres-
entation (data missing for 33 percent) and left ventricular ejection
fraction (data missing for 42 percent) — a dummy variable for
the missing values was added to the models.

Age and its interaction with sex were modeled as continuous
variables, since no significant departure from linear trend was
found, consistent with the results of previous studies?® and indi-
cating an exponential increase in the odds of death with age. The
odds of death for women as compared with men were calculated
according to five-year decrements in age (from old to young).
The adequacy of fit and the discriminatory power of the models
were assessed according to standard methods.2627 All tests of sta-
tistical significance were two-tailed.

RESULTS

Bivariate Analyses and Comparisons of Men and Women
According to Age

As expected, the female patients were older than the
male patients: the mean (=SD) age of the women
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was 72.4*12.0 years, whereas that of the men was
65.6*13.1 years (P<<0.001). The mortality rate dur-
ing hospitalization was higher among women than
among men (16.7 percent vs. 11.5 percent; odds ratio
for death among women as compared with men, 1.54;
95 percent confidence interval, 1.51 to 1.57). How-
ever, when the mortality rates were examined accord-
ing to age group, sex-based differences varied ac-
cording to age (Fig. 1). In the group of patients who
were less than 50 years of age, the mortality rate
during hospitalization was more than twice as high
among the women. The difference in the rates de-
creased with increasing age and was no longer sig-
nificant after the age of 74 (P<<0.001 for the overall
interaction between sex and age).

Younger women were more likely than younger
men to have diabetes, a history of congestive heart fail-
ure, and a history of stroke, but no sex-based differ-
ences were apparent at older ages (Table 1). At all
ages men were more likely than women to have a his-
tory of myocardial infarction, coronary-artery bypass
grafting, and coronary angioplasty and to be smokers.
At younger ages women were more likely than men
to be given a diagnosis other than myocardial infarc-
tion or unstable angina at admission, whereas the di-
agnoses at admission were similar among older men
and women.

There were also age-related differences between
men and women in the clinical characteristics at ad-
mission (Table 1). Younger women, but not older
women, were more likely than men to have more se-

vere clinical abnormalities (i.e., higher Killip class,
lower systolic blood pressure, and higher pulse rate),
but they were less likely than their male peers to have
chest pain and ST elevation on the initial electrocar-
diogram. Sex-based differences in treatment in the
first 24 hours were small, but there was a consistent
pattern of a lower likelihood of treatment among the
women, in particular at younger ages. The character-
istics of the hospital and the years of discharge were
similar among the women and men.

Opverall, the locations of the infarcts, creatine kinase
levels, and left ventricular ejection fractions (among
patients in whom ejection fraction was assessed) were
similar among the women and men (Table 2). None-
theless, younger women were more likely than young-
er men to have complications such as hypotension,
heart failure, cardiogenic shock, and major bleeding
and were less likely to undergo cardiovascular proce-
dures such as coronary angiography and revascular-
ization (Table 2).

Multivariable Analyses

Adjustment of the logistic-regression model for age
appeared to account for most of the effect of sex on
the mortality rate: the odds ratio for death among
women decreased from 1.54 to 1.18 (95 percent con-
fidence interval, 1.16 to 1.20). However, when the
interaction between sex and age was included in the
model, it was found to be significant (P<<0.001): for
every five-year decrease in age, the odds of death dur-
ing hospitalization for women relative to men in-

30+
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B Women 25.3
254 24.2
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- 21.8 915
2
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8 20 18.4
s 16.6
% 14.4
o 1541 :
T 13.4
2 111 907
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e 5l 41
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Figure 1. Rates of Death during Hospitalization for Myocardial Infarction among Women and Men, According to Age.

The interaction between sex and age was significant (P<<0.001).
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TABLE 2. CHARACTERISTICS DURING HOSPITALIZATION IN THE ENTIRE GROUP AND ACCORDING TO AGE.*

CHARACTERISTIC ALL PATIENTS AGEe Grourt
WOMEN MEN
(N=155,565) (N=229,313) 30-59 yr 60-69 YR  70-79 YR 80-89 yRr
percent odds ratio for characteristic
Procedure
Coronary angiography 287 395 0.90 0.84 0.82 0.77
Coronary-artery bypass grafting (other than immediate 59 9.5 0.72 0.74 0.68 0.65
bypass)
Coronary angioplasty (other than primary angioplasty) 10.4 14.7 0.83 0.90 0.94 0.86
Mechanical ventilation 16.4 17.0 1.16 1.02 0.90 0.81
Clinical event
Hypotension 16.9 14.7 1.37 1.19 1.04 1.00
Recurrent ischemia, angina, or myocardial infarction 11.1 10.7 1.10 1.09 1.09 1.14
Heart failure 23.2 16.3 1.65 1.39 1.15 1.09
Cardiogenic shock 7.1 55 1.64 1.28 1.07 0.97
Second- or third-degree atrioventricular block 4.1 33 1.34 1.26 1.08 1.07
Sustained ventricular tachycardia or ventricular fibrillation 6.2 7.8 0.96 0.86 0.74 0.68
Stroke or intracranial bleeding 0.6 0.4 1.74 1.53 1.37 1.15
Major bleeding (other than intracranial) 29 2.1 1.76 1.43 1.14 0.99
Other clinical data
Location of infarct
Anterior 27.0 25.8 1.02 1.00 1.11 1.10
Inferior 30.5 357 0.79 0.90 0.97 1.07
Posterior 4.4 5.6 0.78 0.85 091 0.96
Involvement of right ventricle 0.9 0.8 1.22 1.44 1.17 1.25
Unspecified or other location 39.3 345 1.35 1.13 0.98 0.89
Non-Q-wave myocardial infarction 55.3 50.5 1.32 1.15 1.00 0.90
Creatine kinase or creatine kinase MB =2 times normal 81.5 84.8 0.78 0.82 0.85 0.87
range
Left ventricular ejection fraction
=40%% 38.6 42.1 1.00 1.00 1.00 1.00
<40% 16.1 17.4 0.98 0.89 0.79 0.72
Not assessed 45.3 40.5 1.09 1.07 1.02 0.95

*P values are not reported because, given the large number of patients, assessing whether differences are statistically significant is not informative.

tThe respective numbers of women and men were as follows: 24,992 and 78,398 in the group that was 30 to 59 years of age, 30,524 and 55,615 in
the group that was 60 to 69 years of age, 50,793 and 60,544 in the group that was 70 to 79 years of age, and 49,256 and 34,756 in the group that was
80 to 89 years of age. The odds ratio is for the comparison of women with men.

1This was the reference category.

creased 11.1 percent (95 percent confidence interval,
10.1 to 12.1 percent). Sex-based differences in medi-
cal history, clinical severity of the infarction, and early
management accounted for about one third of the
difference (Table 3 and Fig. 2). After adjustment for
all the variables listed in Table 1, women still had a
higher risk of death for every five-year decrement in
age (increase in the odds of death, 7.0 percent; 95 per-
cent confidence interval, 5.9 to 8.1 percent). The ad-
dition of the hospitals’ characteristics to the model
did not change the estimate for sex or for the inter-
action between sex and age. In every model the in-
teraction between sex and age remained significant.

Previous studies have reported that diabetes may be
a stronger prognostic factor after myocardial infarc-
tion in women than in men.2%2° Therefore, as a post
hoc analysis, we checked whether there was a signifi-
cant interaction between sex and diabetes with respect
to the mortality rate in the age group in which most

sex-based differences in the rate were found (patients
less than 70 years of age). No significant interaction
between sex and diabetes was found (P=0.30).

The fit of the model appeared to be satisfactory.
When the analyses were repeated in the group that
also included the patients who had transferred to par-
ticipating hospitals, the results were similar (data not
shown).

DISCUSSION

Consistent with previous findings,>730-43 we found
that women as a group had a higher unadjusted risk
of early death after myocardial infarction than men,
and older age was an important potential explana-
tion for this higher risk. However, examination of the
results according to age revealed a different explana-
tion. The risk among women was higher only before
the age of about 75, was not accounted for by other
characteristics in the analysis, and increased progres-
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TABLE 3. VARIATION OF THE EFFECT OF SEX ON THE RISK OF
DEATH DURING HOSPITALIZATION FOR EVERY FIVE-YEAR
DECREMENT IN AGE AND THE EFFECT OF ADDING COVARIABLES. *

INCREASE P VaLUE
IN OpDS oF FOR SEX-AGE
MopeLt DEATH INTERACTION
% (95% CI)
Unadjusted 11.1 (10.1-12.1) <0.001
Adjusted for race (white vs. nonwhite)  10.9 (9.9-11.9) <0.001
and insurance status (Medicaid vs.
all others)
Adjusted for race, insurance status, and 9.8 (8.8-10.8) <0.001
medical history (presence vs. absence)
Adjusted for race, insurance status, 7.9 (6.8-9.0) <0.001
medical history, and presence of
clinical abnormalities
Adjusted for race, insurance status, 7.1(5.9-8.2) <0.001
medical history, presence of clinical
abnormalities, and management in
first 24 hr (treatment vs. no treatment)
Adjusted for race, insurance status, 7.0 (5.9-8.1) <0.001

medical history, presence of clinical
abnormalities, management in first
24 hr, and time to presentation

(in 30-min increments)

*Age was included as a continuous variable. The percentage increments
in the odds of death for women as compared with men were calculated
from the interaction between sex and age in each of the sequential models.
Covariables were added sequentially, so that later models contain all the
variables included in earlier models. CI denotes confidence interval.

tThe unadjusted model included sex, age, the interaction between sex
and age, and discharge year as three dummy variables (1994, 1995, and
1996, with 1997-1998 used as the reference category). Medical history
was defined as a history of any of the following: myocardial infarction, an-
gina pectoris, congestive heart failure, coronary-artery bypass grafting, cor-
onary angioplasty, stroke, hypertension, diabetes, hypercholesterolemia, and
current smoking. The clinical variables assessed at admission included Kil-
lip class (three dummy variables used for class II, III, and IV), chest pain on
presentation (presence vs. absence), systolic blood pressure (an ordinal var-
iable with three levels: <90, 90 to 120, and >120 mm Hg), pulse >100
beats per minute (vs. pulse <100 beats per minute), and abnormalities on the
initial electrocardiogram (ST elevation, ST depression, Q waves, left bundle-
branch block, right bundle-branch block, and nonspecific changes). Treat-
ment in the first 24 hours included thrombolytic therapy, an alternative re-
perfusion strategy, aspirin, intravenous beta-blockers, oral beta-blockers, and
angiotensin-converting—enzyme inhibitors. Time to presentation was en-
tered in 30-minute increments. Missing data were coded as the lowest value,
and a dummy variable for missing data was added to the model. The addi-
tion of the hospitals’ characteristics to this model (number of beds and the
presence of cardiac catheterization and of cardiac surgery facilities) did not
change the results.

sively with decreasing age. This study confirms our
preliminary report,2° which was limited by the sample
size. In both studies an elevated risk of early death
among women relative to men gradually decreased
with age and was seen only up to the age of approx-
imately 75.

In line with epidemiologic,* pathological,'¢ and
physiologicl” data, our results provide clinical evidence
that women who have a myocardial infarction are a
heterogeneous group; our findings thus further clar-
ify whether female sex is a risk factor for short-term
mortality after myocardial infarction. Studies of eld-
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Figure 2. Odds Ratios for Death during Hospitalization for My-
ocardial Infarction in Women as Compared with Men, According
to Age.

The unadjusted odds ratios (Panel A) were derived from the
model that included sex, age, the interaction between sex and
age, and the year of discharge. The adjusted odds ratios (Panel
B) were derived from the model that also included race, insur-
ance status, medical history, severity of clinical abnormalities
at admission, type of management in the first 24 hours after
admission, and time to presentation.

erly patients with myocardial infarction have consis-
tently found either no significant differences in the
mortality rate between men and women#*#6 or a low-
er rate among women.**8 In contrast, studies that
have excluded elderly patients334%50 have tended to
show higher mortality rates among women, even after
adjustment for base-line differences. Most studies,
however, included patients over a wide age range. The
failure to account for a variation in the effect of sex
according to age may have led to inaccurate risk es-
timates.

Studies based on patients who were enrolled in clin-
ical trials®10.11:49.50 or who met eligibility criteria for
thrombolysis® have also tended to show higher mor-
tality rates during hospitalization or at one month
among women than among men. For example, the
Third International Study of Infarct Survival ana-
lyzed mortality data according to age and sex and
found no interaction between sex and age.5 All the
patients were seen within 24 hours after the onset of
symptoms and had “clear indications” for thrombo-
lytic therapy, as well as no contraindications. These
selection criteria may explain in part the differences
in results between those studies and our study. In our
study younger women waited longer than men be-
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fore going to the hospital, were less likely to be given
a diagnosis of myocardial infarction at admission, and
were less likely to receive thrombolytic therapy. There-
fore, these women would most likely have been ex-
cluded from trials of thrombolytic therapy. Selection
factors other than eligibility for treatment may also
have a role, since a large proportion of eligible patients
are usually not enrolled in randomized trials and cer-
tain types of patients are favored for inclusion.>!

Epidemiologic data have indicated that women are
relatively spared from coronary heart disease up to
the age of 75.4¢ Although the reasons for this protec-
tion are not entirely clear, estrogen is thought to play
a part.’2 Women in whom coronary atherosclerosis
develops before the age of 75 may be predisposed to
have particularly aggressive disease or possibly early
onset or may have more risk factors for coronary heart
disease, which might override the protective effect of
estrogen. For example, diabetes has been found to
negate the protective effect of female sex against cor-
onary heart disecase and death from cardiovascular
diseases35¢and to be a stronger prognostic factor af-
ter myocardial infarction in women than in men.282
In our study, younger women, but not older wom-
en, were more likely to have diabetes than their male
peers. The higher risk of diabetes was paralleled by
a more frequent history of heart failure and stroke in
younger women than in younger men. However, ad-
justment for diabetes and other coexisting condi-
tions accounted for only about 10 percent of the dif-
ference in the risk, and there was no significant
interaction between sex and diabetes.

Another possible explanation for the higher risk of
death among younger women is the lower rate of use
of established treatments for myocardial infarction,
such as aspirin, beta-blockers, and thrombolytic ther-
apy, in women.? Sex-based differences in these treat-
ments have been reported.>>57 In one study, female
sex remained an independent predictor of the lack of
use of reperfusion therapy among eligible patients.5”
However, after adjustment, treatment differences ac-
counted for only about 10 percent of the effect of
the interaction between sex and age in our study,
possibly because the severity of the clinical abnor-
malities was already in the model. The latter variable
had the strongest impact, accounting for 19 percent
of the effect of the interaction between sex and age.

The pathophysiology of coronary heart disease in
premenopausal or middle-aged women may differ
from the more common disease of older women and
of men. Plaque erosions are the predominant abnor-
mality in premenopausal women who die suddenly,
whereas rupture of plaques is more common in older
women and in men.!¢ In addition, younger women
who have a myocardial infarction,'* who die suddenly
of coronary causes,!¢ or who survive a cardiac arrest!
have less narrowing of the coronary arteries than old-
er women or men. These findings suggest that dif-

ferent clotting mechanisms may trigger myocardial
infarction in younger women, perhaps involving a
hypercoagulable state or coronary spasm. Young wom-
en who survive myocardial infarction have more re-
active platelets than young male survivors,1” and trans-
mural myocardial infarction with normal findings on
coronary angiography, which is distinctly more com-
mon in young women, has been associated with vas-
ospastic syndromes such as migraine and Raynaud’s
phenomenon, as well as hypercoagulable states such
as pregnancy and use of oral contraceptives.!8 These
and other mechanisms may be genetic in nature or
have a genetic predisposition. A family history of death
from coronary heart disease is associated with an in-
creased risk of this event in both men and women,
but this susceptibility is stronger in younger women
than in older women or in men.38

It is also possible that the higher rate of death dur-
ing hospitalization among younger women is due to
sex-based differences in the mortality rate before
hospitalization. Studies of two registries participating
in the World Health Organization’s Monitoring
Trends and Determinants in Cardiovascular Disease
Project,*243 which assesses coronary events in people
less than 64 years of age, have shown that a higher
rate of death from myocardial infarction during hos-
pitalization among women is balanced by a higher rate
of death before hospitalization among men. However,
a study of the project’s entire registry, involving 29
populations in 18 countries, found considerable vari-
ation in the rates of death before hospitalization.!?
Therefore, this issue needs further clarification.

The peculiar characteristics of coronary heart dis-
ease in young and middle-aged women may have di-
agnostic implications that affect management deci-
sions and, therefore, prognosis. The less extensive
narrowing of coronary arteries in these women may
cause underdiagnosis of coronary heart disease with
the use of traditional diagnostic tests such as coronary
angiography. Studies have suggested that women
with symptoms of coronary heart disease are referred
for cardiovascular procedures less often9-6! or laters?
than men. Some of these differences may reflect dif-
ferences in the characteristics of early manifestations
of coronary heart disease in women, as suggested by
our findings of age-based differences in the presen-
tation of myocardial infarction. If the early symp-
toms, signs, and pathophysiology of coronary heart
disease in women differ from those in men, the con-
dition may be more difficult to recognize in women
at an carly stage.

A strength of our study, in addition to the use of
a large number of patients from several states, is its
observational design. Consent procedures or eligibil-
ity for treatment was not required for enrollment,
therefore minimizing bias and increasing the gener-
alizability of results. Although the data we collected
were not independently validated, our methods of
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case ascertainment and acquisition of other data have
been found to be valid.?? In addition, the simplicity
of the protocol enabled us to assemble one of the
largest and most contemporary data bases of myo-
cardial infarction in the United States. Although the
use of death during hospitalization as the end point
(with an average length of stay of about 7 days) may
decrease the comparability of our results with those
of other investigations that have used 28-to-35-day
mortality as the end point,%5743 most deaths after
hospital admission for myocardial infarction occur
early, most commonly in the first 24 hours.!3

In conclusion, we found that the higher short-term
mortality of women, as compared with men, after
myocardial infarction was confined to women who
were less than 75 years of age — the age group in
which myocardial infarction can be considered pre-
mature in women. In addition, the younger the age
of the women, the higher the risk of death relative
to men. This higher risk was only partially account-
ed for by differences in coexisting conditions, clinical
characteristics, and early management. Our results
indicate that younger women with myocardial infarc-
tion are a high-risk group deserving of special study
and that patients’ age must be considered in assess-
ments of sex-based differences in short-term mortality
after myocardial infarction.

Dr. Krumholz is a Paul Beeson Faculty Scholar.

We arve indebted to Dr. Judy Malmgren for her expertise in the
management of study data.
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