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ABSTRACT
Objective: Younger, but not older, women have a higher
mortality than men of similar age after a myocardial
infarction (MI). We sought to determine whether this
relationship is true for both ST elevation MI (STEMI) and
non-ST elevation MI (NSTEMI).
Design: Retrospective cohort study.
Setting: 1057 USA hospitals participant in the National
Registry of Myocardial Infarction between 2000 and 2006.
Patients: 126 172 STEMI and 235 257 NSTEMI patients.
Main outcome measure: Hospital death.
Results: For both STEMI and NSTEMI, the younger the
patient’s age, the greater the excess mortality risk for
women compared with men, while older women fared
similarly (STEMI) or better (NSTEMI) than men
(p,0.0001 for the age–sex interaction). In STEMI, the
unadjusted women-to-men RR was 1.68 (95% CI 1.41 to
2.01), 1.78 (1.59 to 1.99), 1.45 (1.34 to 1.57), 1.08 (1.02
to 1.14) and 1.03 (0.98 to 1.07) for age ,50 years, age
50–59, age 60–69, age 70–79 and age 80–89,
respectively. For NSTEMI, corresponding unadjusted RRs
were 1.56 (1.31 to 1.85), 1.42 (1.27 to 1.58), 1.17 (1.09
to 1.25), 0.92 (0.88 to 0.96) and 0.86 (0.83 to 0.89).
After adjusting for risk status, the excess risk for younger
women compared with men decreased to approximately
15–20%, while a better survival of older NSTEMI women
compared with men persisted.
Conclusions: Sex-related differences in short-term
mortality are age-dependent in both STEMI and NSTEMI
patients.

Although myocardial infarction (MI) in women
occurs more commonly at an older age, it is not
solely a disease of elderly women. In the USA,
96 000 women younger than 65 years are diag-
nosed as having acute MI each year, representing
20% of all acute MI cases in women.1 When
mortality comparisons between women and men
are done separately in younger and older patients,
it becomes clear that younger women have a
particularly adverse prognosis compared with men,
which persists after adjustment for risk factors.2–8

In contrast, older women have usually a better
survival than older men.2 6 8–12

ST-elevation MI (STEMI) has a worse prognosis
in women relative to men compared with other
types of acute coronary syndromes.5 13–16 Previous
studies looking at the effect of sex on MI mortality
have predominantly included non-ST elevation MI
(NSTEMI) patients, among whom women are
more represented.2 4 16 17 Recent clinical trials of
STEMI patients show no significant mortality

variation for women compared with men across
age.18–20 A selection bias due to differential enrol-
ment by gender and the small sample size of
younger patients in clinical trials may explain the
failure of these trials to demonstrate excess
mortality among younger women. Currently it is
not known whether younger women drive this
excess female mortality in STEMI patients.

Because STEMI and NSTEMI differ in clinical
presentation, management and prognostic factors,
examining the relationship between sex and
mortality according to MI type and patient age
should shed light into the potential reasons for sex-
related differences in outcome after MI. The
purpose of this study, therefore, was to examine
the relationship between sex, age and MI type
(STEMI/NSTEMI) on hospital mortality in a
contemporary MI sample, and to examine whether
observed mortality differences persist after taking
into account demographic and clinical patient-
related characteristics.

METHODS

Patient population
We conducted a retrospective cohort study of
participants in the National Registry of Myocardial
Infarction (NRMI). The methods and data collec-
tion of NRMI were previously reported.21 22 This
analysis was based on the two most recent waves,
NRMI 4 and 5, which included 794 861 patients
from 1057 hospitals admitted with MI between
July 2000 and February 2006. Patients transferred
in or out of the participating hospitals were
excluded due to incomplete data regarding pre-
sentation, treatment or hospital outcome. Patients
with incomplete data regarding age or sex, those
>90 years of age and those with missing levels or
levels lower than diagnostic MI levels of CKMB or
troponin were also excluded. In addition, patients
with prior left bundle branch block (LBBB) were
excluded due to the inability to correctly classify
MI type. After these exclusions, 361 429 patients
discharged from participating hospitals between
July 2000 and February 2006 were left for analysis.

Definition of STEMI
Cases with documented ST elevation in more than
two leads in the first or subsequent electrocardio-
gram (ECG), or new LBBB, and abnormal troponin
levels or CKMB at least twice the upper limit of
normal were classified as STEMI.
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Definition of NSTEMI
All remaining cases not classifies as STEMI with abnormal
troponin levels or CKMB at least twice the upper limit of
normal were classified as NSTEMI.

Clinical variables
Each MI type group was classified into five age groups:
,50 years, 50–59 years, 60–69 years, 70–79 years and 80–
89 years. Information on all clinical variables was abstracted
from the medical records at each hospital. Variables describing
demographic characteristics, medical history, cardiovascular risk
factors, admission presentation and initial treatments are
presented in supplemental tables 1, 2.

Statistical analysis
First, we examined the frequency and in-hospital mortality of
STEMI and NSTEMI for men and women according to age
group. Next, we compared baseline demographics, comorbid-
ities and admission presentation between men and women
within age groups. To test for trend across the categories of age,
the Cochran–Mantel–Haenszel method was used for binary and
ordinal variables, and a regression coefficient was calculated and
tested for continuous variables. For non-parametric data, the
Kruskal–Wallis test was used instead. The female-to-male odds
ratio (OR) and 95% CI for each characteristic were also
calculated in each age category. The Breslow–Day statistic
was used to test for homogeneity among the ORs produced in
each age-specific 262 table. All p values used two-tailed tests of
significance. All statistics and calculations used SAS 9.1 (SAS
Institute, Cary, North Carolina).

For both STEMI and NSTEMI, we fitted a series of multi-
variable log-binomial regression models to calculate the relative
risk (RR) of in hospital mortality comparing men and women
by age category.23 When convergence failed, Poisson regression
models with robust error variance were used, followed by the
methods outlined by Zhang and Yu, in order of decreasing
preference.24 In these models we also tested the significance of
the interaction between age and sex. Each interaction term was
tested for significance using the Wald test and type 3 analysis.
To assess the impact of demographics, comorbidities and
admission presentation on the interaction between age and
sex, we fitted a hierarchical series of log-binomial models. The
first model included sex as the sole variable and calculated the
unadjusted female-to-male relative risk for hospital death in
each age category for STEMI, NSTEMI and the overall pooled
population. Model 2 adjusted for age and medical history and
risk factors; the latter included prior history of cardiovascular
disease, renal disease, stroke, diabetes, hypertension, and
smoking. Model 3 further adjusted for admission presentation
characteristics, which included chest pain at presentation, heart
rate, systolic blood pressure, and Killip Class. Model 4 further
adjusted for race. Model 5 added primary payor as an
independent variable. In a final model, pooling both STEMI
and NSTEMI populations, we included all second-order inter-
action terms and a three-way interaction between sex, age and
MI type to determine whether the effect of sex according to age
was significantly different in the STEMI vs NSTEMI popula-
tions.

RESULTS

MI prevalence by sex and age
Of the 361 429 patients, 235 257 (65%) were NSTEMI and
126 172 (35%) were STEMI. There were 102 081 (43%) women

in the NSTEMI group and 47236 (37%) women in the STEMI
group. Among patients less than 50 years of age, STEMI was
four times more common in men than women (79% vs 21%).
This difference decreased with increasing age and by age 80,
STEMI was more prevalent in women than men. A similar
trend, albeit less pronounced, was seen among NSTEMI
patients (supplemental fig 1).

Patient characteristics
Women were older than men, both in the NSTEMI population
(median age 76 vs 70 years) and the STEMI population (median
age 74 vs 62 years). Women in both MI groups were also more
likely than men to have hypertension, diabetes mellitus,
congestive heart failure, renal insufficiency, and prior stroke.
However, women were less likely to have a prior MI and prior
revascularisation, and to present with chest pain (supplemental
tables 1, 2).

Sex differences in sociodemographic factors and comorbidity
were progressively more pronounced with decreasing age in
both MI groups. Younger women were much more likely to be
of non-white ethnicity, to have Medicaid as their primary
insurance and to have a prior stroke, diabetes mellitus,
congestive heart failure and renal insufficiency compared with
younger men. The increased prevalence of these preadmission
characteristics among women, compared with men, decreased
with advancing age, and no substantial sex difference was found
in these factors among older patients.

Women, particularly younger women, were also less likely
than men to present with chest pain and more likely to have
tachycardia and hypotension on admission. Among STEMI
patients, a substantial proportion, 54% women and 38% of
men, did not receive reperfusion therapy. Women were less
likely to receive reperfusion than men, and this difference was
again largest among younger patients (supplemental tables 1, 2).

Unadjusted hospital mortality
As shown in fig 1, MI remains a high-risk condition in this
contemporary sample, with high rates of mortality particularly
among older patients. Overall, the unadjusted hospital mortal-
ity was higher among women than men, and more so in the
STEMI population (RR for female sex, 1.64, 95% CI 1.59 to
1.69) than NSTEMI (RR, 1.12, 95% CI 1.09 to 1.15) (fig 1).
However, the younger age groups largely drove this sex
difference in hospital mortality for both STEMI (RR for female
sex in age ,50 group, 1.68, 95% CI 1.41 to 2.01) and NSTEMI
(RR for female sex in age ,50 group, 1.56, 95% CI 1.31 to 1.85)
(fig 2, table 1). With increasing age, the sex difference in hospital
death decreased in both STEMI and NSTEMI (p,0.001 for the
interaction between age and sex). Among NSTEMI patients, the
sex difference in hospital death actually reversed, with women
in the 70–79 and 80–89 age categories having a better survival
than men (adjusted RR, 0.92, 95% CI 0.88 to 0.96 and RR 0.86,
95% CI 0.83 to 0.89, respectively). The trend of increasing
mortality risk for women with decreasing age was similar for
both STEMI and NSTEMI, and the three-way interaction term
(age, sex and MI type) was not significant (p = 0.77).

Multivariable analysis
Baseline factors, particularly medical comorbidity and presenta-
tion characteristics accounted for a substantial portion of the
excess risk among young women in both STEMI and NSTEMI
patients (fig 2, table 1). In the NSTEMI patients, after adjusting
for comorbidity, admission presentation and primary payor, the
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sex effect decreased substantially and was no longer statistically
significant in most age groups below age 70. NSTEMI older
women (age 70 year and above), on the other hand, continued
to show a significantly lower risk of death compared with men.
Similarly, among STEMI patients, the sex effect in the younger
age groups was substantially attenuated after adjustment for
the same factors, although women below age 70 years main-
tained an approximately 20% higher risk of death compared
with men in the same age category. The admission presentation
variables that mostly explained the sex-related risk in STEMI
patients ,50 years old were absence of chest pain, tachycardia
and hypotension. The interaction between sex and age,
however, remained highly significant in all adjusted models,
while the interaction between sex, age and MI type remained
non-significant.

DISCUSSION
In a large and modern registry of 361 429 patients with MI, we
found that sex-related differences in short-term mortality are
age-dependent in both STEMI and NSTEMI patients. Younger
women had a higher hospital mortality than younger men
irrespective of MI type, while older women showed no
mortality differences (in STEMI) or even a better survival (in
NSTEMI) compared with older men. These findings were
replicated in a contemporary Swedish MI population where any
observed gender differences for in hospital mortality are largely
driven by the younger age groups, with women age 51–60
having a significant 78% increased risk of death.25

Younger women had a greater number of preadmission
comborbidities and cardiovascular risk factors, more atypical

symptoms, more adverse presentation signs such as tachycardia
and hypotension, and less reperfusion. Each of these findings is
attributed to the higher mortality among younger women with
MI. Our first risk-adjusted model showed that comorbidities
and cardiovascular risk factors account for the majority of sex-
related mortality difference in younger patients. This finding is
in accordance with the INTERHEART study which demon-
strated that traditional risk factors account for most of the risk
of MI in both younger men and women.26 However, mortality
remained about 15–20% higher in younger women than in men
of a similar age, particularly in the STEMI population after
adjusting for comorbidities and a number of traditional
cardiovascular risk factors.

In contrast to the younger women, older women (70 years
old and above) had a similar mortality compared with older
men in the STEMI population, and significantly lower
mortality in the NSTEMI population. This finding is in

Figure 1 Rates of death during hospitalisation for myocardial infarction
among women and men, according to age and myocardial infarction (MI)
type. NSTEMI, non-ST elevation MI; STEMI, ST elevation MI.

Figure 2 Relative risks for in hospital mortality comparing women with
men by age and myocardial infarction (MI) type. The top panel is
unadjusted. The bottom panel is adjusted for race, prior cardiovascular
disease, renal disease, prior stroke, diabetes, hypertension, smoking,
primary payor, body mass index, prehospital delay, admission diagnosis,
chest pain, heart rate, systolic blood pressure, Killip class and time of
presentation.
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accordance with other studies suggesting that older women
fare similarly to, or even better than, older men after an
MI,2 3 6 8–12 with few exceptions.27 Our study indicates that
when NSTEMI patients are examined separately from STEMI,
a survival advantage for older women over men clearly
emerges in the NSTEMI group.

In these data, younger women presenting with a MI had
more risk factors and were more critically ill when compared
with younger men, which in part explained their higher
mortality. Since symptomatic coronary heart disease is rela-
tively rare in younger women, a greater number or severity of
risk factors may be expected in this group. Studies also suggest
that the pathophysiology of coronary heart disease in middle-
aged or premenopausal women differs from that of older
women and men, possibly due to the oestrogen milieu. Younger
women are more prone to plaque erosion, whereas older women
and men are more prone to plaque rupture.28 Atypical
symptoms, delayed recognition of heart disease and missed
diagnosis of myocardial infarction may also contribute to the
higher unadjusted mortality among young women.29 Consistent
with this, in our study absence of chest pain was a major
explanatory factor for the higher mortality of younger women
compared with men.

A number of possible limitations of our study should be
mentioned. This is an observational study; therefore, it cannot
prove any causal link for the associations described. Forty-five
per cent of our study population was exluded, providing a
potential selection bias. However, the vast majority of
patients were excluded because of missing cardiac enzymes
or cardiac enzymes that were below levels consistent with MI.
Thus, most patients were excluded because they probably did
not qualify for an MI; these exclusions are unlikely to
introduce bias. Another limitation is that we had no
information on prehospital deaths. It is possible that the
higher in-hospital case fatality of younger women compared
with younger men was due to the fact that more men than
women with MI die prior to reaching the hospital. Some
population-based MI registries support this hypothesis,30 but
data are not consistent, possibly due to variations and
difficulties in ascertaining prehospital causes of death.
Information on cholesterol levels is not available in NRMI,
and a history of hyperlipidaemia as recorded in the medical
records was felt to be unreliable. Therefore, we were unable to
adjust for lipid levels in our analysis. Additionally, we did not
have any data on long-term outcomes or regarding menopau-
sal status and hormone replacement. Finally, since we had
fewer events in the group younger than 50 years than in the
older age groups, the CIs for our estimates were larger in the
youngest group.

In conclusion, in a contemporary MI patient population we
found that sex-related hospital mortality differences are age-
dependent in both STEMI and NSTEMI patients, with younger
women driving the higher mortality of women with MI
compared with men. In both MI types, however, any excess
risk in younger women is in large part driven by the fact that
these women have more risk factors. In contrast, older women
with MI are not at increased risk compared with older men, and
those with NSTEMI even have a significantly better survival
than men.
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