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Background: An interaction between sex and age is thought to
affect hospital mortality after myocardial infarction; younger, but
not older, women have been shown to have higher mortality rates
than men. It is currently unknown whether findings are similar
after hospital discharge.

Objective: To determine whether an interaction between sex
and age affects 2-year mortality after myocardial infarction.

Design: Community-based prospective cohort study.

Setting: 16 community hospitals serving the Worcester, Massa-
chusetts, metropolitan area.

Patients: 6826 patients who survived hospitalization for acute
myocardial infarction during ten 1-year periods between 1975 and
1995.

Measurements: Mortality 2 years after hospital discharge.

Results: The overall 2-year mortality rate was higher in women
(28.9%) than in men (19.6%). When patients were examined by
age group, however, only women younger than 60 years of age
had a higher mortality rate than men of similar age. The sex

difference decreased with increasing age; among the oldest pa-
tients, women had a lower mortality rate than men (P = 0.009 for
the interaction between sex and age). This relationship was not
affected by adjustment for demographic characteristics and med-
ical history, clinical characteristics, and hospital and discharge
treatments; the hazard of 2-year death for women compared with
men increased 15.4% (95% Cl, 4.3% to 27.6%) for every 10-year
decrease in age. In absolute terms, after adjustment for demo-
graphic characteristics and medical history, among patients
younger than 60 years of age women were at greater risk than
men (risk difference, 1.8 percentage points). At older ages, how-
ever, women were at lower risk than men.

Conclusions: Younger, but not older, women who survive hos-
pitalization for myocardial infarction have a higher long-term mor-
tality rate than men. This provides additional evidence that
younger women with myocardial infarction are at greater risk for
death than men.
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he issue of whether women have more unfavorable

short-term outcomes than men after acute myocar-
dial infarction has elicited considerable debate (1-6). In
a recent study, we demonstrated an important inter-
action between sex and age that affected hospital mortal-
ity after myocardial infarction (7, 8). We found that
younger, but not older, women have higher mortality rates
than men of similar age. The risk among women increases
linearly with decreasing age and is not fully explained by
differences in clinical presentation or treatment (8).

In contrast to short-term mortality studies, most
studies examining long-term outcomes among survivors
of the acute phase (hospitalization or the first month
thereafter) have generally found no differences in mor-
tality between men and women, and some have found
that women have a more favorable outcome (5, 6,
9-22). However, these studies did not examine whether
the association of sex with mortality changes according
to age. An increased long-term risk for death among
younger women may well be masked by the combined
examination of all age groups.

We examined survivors of the acute infarction epi-
sode to determine whether younger, but not older,
women have a greater risk for death after hospital dis-
charge than men of similar age. The Worcester Heart
Attack Study is an ideal population in which to test this
hypothesis, since it is a large community-based registry
that involves long-term follow up of patients of different
ages.

MEeTHODS
Study Sample

The study sample consisted of 8277 residents of the
Worcester, Massachusetts, standard metropolitan statis-
tical area who were hospitalized for a confirmed myo-
cardial infarction in any of the 16 community and
teaching hospitals serving this region during 10 calendar
years (1975, 1978, 1981, 1984, 1986, 1988, 1990,
1991, 1993, and 1995). All hospitals in this geographic
area participated in this study. The medical records of
all patients who were assigned a primary or secondary
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discharge diagnosis of myocardial infarction were indi-
vidually reviewed, and the diagnosis was confirmed ac-
cording to preestablished criteria, as described elsewhere
(16, 23, 24). Cases of perioperative myocardial infarc-
tion were not included.

For the analysis of long-term survival after dis-
charge, we excluded 1366 patients who died during the
index hospitalization. An additional 85 patients (1.2%
of the hospital survivors) were excluded because vital
status at follow-up was unknown. Therefore, 6826 pa-
tients who survived the index hospitalization were avail-
able for analysis.

Data Collection

Demographic characteristics, medical history, clini-
cal characteristics of the infarction, hospital complica-
tions, and use of treatments and interventional proce-
dures were abstracted from the medical records as
described elsewhere (16, 24—-27). Vital status after dis-
charge was ascertained by a review of medical records for
subsequent hospitalizations and a statewide and national
search of death certificates for metropolitan Worcester
residents (23, 24, 27). The outcome of our study was
survival status 2 years after hospital discharge, since all
patients in the current analysis had reached at least the
2-year anniversary.

Statistical Analysis

Before excluding in-hospital deaths, we compared
hospital mortality in women and men according to 10-
year age groupings. The effect of the interaction be-
tween age and sex on hospital mortality was tested in a
logistic regression model by using the likelihood ratio
test.

In the sample of hospital survivors, we compared
baseline characteristics, hospital events, and treatments
between women and men in three collapsed age groups
(<60 years, 60 to 69 years, =70 years) that corre-
sponded to approximate tertiles of the age distribution.
Collapsed age groups were used to allow sufficient cell
numbers for all comparisons. We used life-table meth-
ods (28) to compare cumulative all-cause mortality from
hospital discharge to 2 years after stratification according
to the three age groups.

Finally, to assess the impact of groups of variables
on the associations of interest (sex and the effect of its
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interaction with age on mortality), we conducted a series
of Cox proportional hazards regression models for
2-year mortality after hospital discharge. Hazard ratios
and accompanying 95% Cls for sex were calculated
according to age from the Cox models.

The first model included sex and age as explanatory
variables. In the second model, the interaction between
sex and age was added. In a subsequent model, we added
other demographic factors (ethnicity and marital status)
and medical history (history of infarction, angina, con-
gestive heart failure, diabetes, stroke, and hypertension).
In a final model, we added clinical characteristics of the
infarction (Q-wave infarction and anterior infarction),
hospital complications (congestive heart failure, cardio-
genic shock, stroke, atrioventricular block, and ventric-
ular tachycardia or fibrillation), hospital treatments and
procedures (thrombolytic therapy, coronary angiogra-
phy, coronary bypass, and coronary angioplasty), and
discharge treatments (antiplatelet medications, B-block-
ers, diuretics, digoxin, angiotensin-converting enzyme
inhibitors, calcium-channel blockers, and nitrates). Po-
tential confounding by hospital and by discharge year
were addressed by refitting the final model with these
variables, respectively, as stratification factors. Because
studies have reported that diabetes may be a stronger
risk factor for death in women than in men after myo-
cardial infarction (29-32), the effect of the interaction
between sex and diabetes on mortality rate was also
tested.

Linearity of age and of the interaction between age
and sex was checked by fitting age and the age—sex in-
teraction both as categorical variables and as linear terms
in the proportional hazards models. Age and its interac-
tion with sex were ultimately modeled as continuous
variables (in years) because no significant departure from
linear trend was found. The hazard ratio of 2-year death
for women compared with men was calculated accord-
ing to 10-year age decrements (from old to young).

Multivariable results were also examined in terms of
risk differences between men and women according to
age by deriving the predicted probabilities at 24 months
from Cox proportional hazards models in the three age
groups. Covariable levels were standardized to the dis-
tribution of the entire study sample (33). To avoid
model overfitting, given the smaller sample size in the
age-stratified models, control factors in these analyses
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were limited to demographic characteristics and medical
history.

The proportional hazards assumption was checked
by testing the significance of the interaction between
main predictor variables and time. All tests of statistical
significance were two tailed, and all analyses were per-
formed by using SAS, version 6.12 (SAS Institute, Inc.,
Cary, North Carolina).

REsuLTS
Hospital Mortality

Of 8277 patients with confirmed acute myocardial
infarction, 1366 died during the index hospitalization.
Overall, the hospital mortality rate was significantly
higher in women (20.9%) than in men (13.6%) (P =
0.01). As expected, sex differences in hospital mortality
varied according to age. In persons younger than 50
years of age, women had an almost threefold higher risk
for death than men. The odds ratio of hospital death for
women compared with men decreased with advancing
age and was close to 1.00 among patients at least 70
years of age.

Baseline Sex Differences in Hospital Survivors

Among the 6826 hospital survivors with known vi-
tal status at follow-up, women were significantly older
than men overall (mean age, 71.4 years vs. 63.2 years;
P < 0.001). In all age groups, women were less likely to
be married and more likely to have a history of heart
failure and hypertension (Table 1). Younger women,
but not older women, were more likely than men of
similar age to have a history of diabetes and stroke and
to have experienced an anterior infarction during the
index admission. However, at all ages, men were more
likely than women to have a history of myocardial in-
farction and to have had a Q-wave infarction during the
index hospitalization. Women, especially those younger
than 60 years of age, experienced more heart failure and
heart block, but men more often had complicating ven-
tricular arrhythmias during the index hospitalization.
Sex differences in treatments and procedures during
hospitalization were small. At discharge, women were
less likely than men to be prescribed B-blockers but were
more likely to receive diuretics and digoxin. Similar pro-
portions of men and women were included in different
discharge years.
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Sex Differences in 2-Year Mortality among Hospital
Survivors

At 2 years after hospital discharge, 1577 patients
had died (748 women [28.9%] and 829 men [19.6%];
hazard ratio for women compared with men, 1.47 [95%
CI, 1.35 to 1.61]). However, when patients were exam-
ined by age group (Table 2 and Figure), only women
younger than 60 years of age had a higher mortality rate
than men of similar age. Sex differences in mortality rate
decreased with advancing age, and among the oldest
patients, women tended to have lower mortality rates
than men. Results were consistent when examined in
terms of risk difference (Table 2). The absolute risk for
women compared with men was highest in patients
younger than 60 years of age, while the absolute risk was
lower for women among patients at least 80 years of age.
As expected, given the higher mortality rates of older
patients, the risk difference between women and men at
older ages was larger than the risk difference at younger
ages. Because women were older than men within each
age interval shown in the Figure, the curves for cumu-
lative mortality rate were adjusted for age (with age as a
continuous variable). The hazard ratio of death for
women compared with men was 1.40 in those younger
than 60 years of age, 1.05 in those 60 to 69 years of age,
and 0.95 in those at least 70 years of age.

When we adjusted for age in a Cox proportional
hazards model, it seemed to explain the overall sex dif-
ference in 2-year mortality rate, yielding a hazard ratio
of 1.00 (CI, 0.90 to 1.12). However, when the interac-
tion between sex and age was included in the model, it
was found to be statistically significant (Table 3). For
every 10-year decrease in patients’ age, hazards of death
in women increased 13.1% (CI, 3.1% to 23.9%) com-
pared with men.

Table 3 shows the effect of adjustment for baseline
characteristics on the interaction between sex and age.
Adjustment for covariables did not materially affect sex
differences in mortality according to age. In the fully
adjusted model, for every 10 years of decreasing age, the
hazards for women compared with men increased
15.4% (CI, 4.3% to 27.6%; P = 0.005). When the sex-
related risk for death was calculated from the model
results according to age, women had a greater risk for
death before approximately 60 years of age, had approx-
imately the same risk between 60 and 70 years of age,
and tended to have lower risk after 70 years of age. In
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Table 1. Comparison of Baseline Characteristics between Women and Men according to Age

Characteristic <60 Years 60-69 Years =70 Years
Women Men Women Men Women Men
(n = 422) (n = 1596) (n =593) (n =1234) (n =1577) (n = 1404)
Demographic data
Median age (range), y 53 (23-59) 51 (19-59) 65 (60-69) 64 (60-69) 78 (70-98) 76 (70-97)
Nonwhite ethnicity, % 5.6 5.4 4.2 3.8 1.8 1.9
Married, % 66.1 81.6 57.3 83.6 28.4 71.5
Medical history, %
Myocardial infarction 20.1 249 31.0 37.4 36.2 41.2
Angina 19.2 19.5 26.5 25.2 315 33.8
Heart failure 6.2 3.7 14.0 9.6 26.0 18.2
Stroke 4.0 2.0 6.9 5.9 11.0 121
Hypertension 44.8 394 58.3 50.0 61.7 49.0
Diabetes 27.7 14.5 327 24.2 28.6 25.6
Characteristics of myocardial infarction, %
Q-wave 55.7 62.4 48.6 52.1 38.7 44.9
Anterior 46.9 395 44.6 40.6 48.2 47.6
Hospital complications, %
Heart failure 289 20.7 395 33.6 55.4 45.8
Cardiogenic shock 2.8 23 25 2.1 2.9 1.8
Second- or third-degree atrioventricular block 9.5 55 6.9 6.2 5.7 7.7
Ventricular tachycardia or fibrillation 19.2 245 15.7 20.8 11.8 17.2
Treatments and procedures during hospitalization, %
Thrombolytic therapy 19.2 22.3 16.4 16.0 8.1 9.1
Coronary angiography 28.0 283 20.9 24.7 10.0 17.0
Coronary bypass 1.7 25 2.9 2.8 1.1 1.8
Coronary angioplasty 7.8 8.1 5.4 4.3 2.4 3.3
Treatments at discharge, %
Antiplatelet medications 36.0 40.1 36.6 38.2 371 36.9
B-Blockers 44.6 55.9 41.2 45.7 35.4 36.2
Angiotensin-converting enzyme inhibitors 5.0 5.8 9.4 75 14.0 12.8
Calcium-channel blockers 42.6 37.0 40.4 41.1 40.9 425
Nitrates 63.3 60.6 58.4 62.8 67.9 655
Diuretics 183 10.5 26.1 203 40.6 33.0
Digoxin 13.3 10.1 21.4 223 355 323
Discharge year, %
1975 or 1978 24.2 225 19.8 19.9 14.8 13.9
1981 or 1984 20.9 213 20.9 20.4 20.2 18.1
1986 or 1988 15.8 17.8 17.8 18.7 17.5 16.5
1990 or 1991 17.8 16.4 19.1 20.1 20.6 237
1993 or 1995 21.4 22.0 225 20.9 27.0 27.8

the last model in Table 3 (which was adjusted for de-
mographic characteristics, medical history, clinical char-
acteristics of the infarction, hospital complications,
hospital treatments and procedure, and discharge treat-
ments), the 2-year mortality hazards for women com-
pared with men were 1.42 at 40 years of age, 1.23 at 50
years of age, 1.07 at 60 years of age, 0.92 at 70 years of
age, and 0.80 at 80 years of age. After the final model
was refitted with hospital as a stratification factor to
address potential confounding, it yielded virtually iden-
tical results. For every 10-year decrease in age, the haz-
ards for women increased 15.6% (CI, 4.5% to 27.8%)
compared with men. When discharge year was used as a
stratification factor to address potential confounding,
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results were also very similar. The incremental hazard
for women per 10-year decrease in age was 15.9% (CI,
4.8% to 28.3%) compared with men. We found that
the interaction between sex and diabetes did not have a
statistically significant effect on mortality.

When the multivariable-adjusted results were ex-
pressed in terms of absolute risk difference, an increased
mortality rate among women compared with men was
found only among patients younger than 60 years of
age. Among older patients, women had a lower absolute
risk for death than men. The risk difference comparing
women with men, adjusted for demographic character-
istics and medical history, was 1.8 percentage points in
those younger than 60 years of age, —1.7 percentage
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points in those 60 to 69 years of age, and —3.4 percent-
age points in those at least 70 years of age. Because
mortality rates increase considerably with age, sex differ-
ences in absolute mortality risk at older ages are ex-
pected to be larger than those at younger ages.

Discussion

The results of this multihospital community-based
study demonstrate that among survivors of the index
hospitalization, the interaction between sex and age has
an important effect on long-term mortality rate after
myocardial infarction. Women younger than 60 years of
age had a higher mortality rate than men. The mortality
risk for women compared with men decreased as age
increased, to the point that women among the oldest
patients tended to have a lower 2-year mortality rate
than men of similar age. The difference in mortality
according to age persisted after adjustment for medical
history, clinical severity at the time of hospitalization,
hospital complications, hospital treatments and proce-
dures, and discharge treatments.

It is remarkable that the effect of the interaction
between sex and age on 2-year mortality after hospital
discharge occurred independently of a similar interac-
tion involving hospital mortality. The latter interaction
was also observed in this cohort, consistent with previ-
ous reports (7, 8). Better selective survival could have
been expected among younger women after discharge,
since more younger women (presumably those at high-
est risk) died during hospitalization than younger men.

Most studies of sex differences in long-term mortal-
ity among survivors of the acute postinfarction period
have found either no differences in mortality between
men and women (9-11) or even lower mortality in
women than in men (5, 6, 12-18). When a higher mor-
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Figure. Age-adjusted cumulative mortality rate from
hospital discharge to 2 years in three age groups.
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tality rate in women was initially found, it was usually
explained by age alone or in combination with other
prognostic factors (5, 10, 11). Consistent with these pre-
vious observations, in our study age alone inidally
seemed to explain the sex differences in mortality in the
sample as a whole, reducing the hazard ratio for the
entire group of women compared with the entire group
of men from 1.47 to 1.00. However, examination of
results according to specific age strata revealed that the
effect of sex on mortality varied according to age.
Other studies that examined long-term mortality af-
ter myocardial infarction have not usually investigated
the presence of an interaction between sex and age.
Three studies, however, presented results after age strat-
ification (12, 19, 22). Of these, two showed data con-
sistent with an interaction between sex and age; how-
ever, the authors did not emphasize this point. Kostis

Table 2. Distribution of Deaths from Discharge to 2 Years, Hazard Ratio, and Risk Difference among Women and Men

Age Women Men Hazard Risk Difference
Group Ratio

Total Deaths Mortality Total Deaths Mortality

Patients Rate Patients Rate

n % n % percentage points

<50y 135 12 8.9 668 40 6.0 1.48 2.9
50-59 y 287 33 11.5 928 77 8.3 1.39 3.2
60-69 y 593 109 18.4 1234 212 17.2 1.07 1.2
70-79 y 875 271 31.0 985 285 289 1.07 2.1
=80y 702 323 46.0 419 215 51.3 0.90 53
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Table 3. Multivariable Analysis of the Effect of Sex on Risk for Death 2 Years after Hospital Discharge for Every
10-Year Decrease in Age*

Modelt Increase in the Hazard for Death P Value for
in Women Compared with Men Sex-Age Interaction
(95% CI), %
Unadjusted 13.1 (3.1-23.9) 0.009
Adjusted for demographic factors and medical history 14.7 (4.0-26.5) 0.006
Adjusted for demographic factors, medical history, clinical characteristics of 15.4 (4.3-27.6) 0.005
the infarction, hospital complications, hospital treatments and procedures,
and discharge treatments

* Age was included as a continuous variable (in years). The increments in the risk for women compared with men were calculated from the sex—age interaction in each of the sequential models and
express the increase in risk for women compared with men for every 10-year decrease in age. Covariables were added sequentially; later models contain all the variables included in earlier models.

T The unadjusted model included sex, age, and the interaction between sex and age. Demographic characteristics, in addition to age, included ethnicity and marital status. Medical history included
history of infarction, angina, heart failure, diabetes, stroke, and hypertension. Clinical characteristics of the infarction included Q-wave infarction and anterior infarction. Hospital complications
included congestive heart failure, cardiogenic shock, stroke, atrioventricular block, and ventricular tachycardia or fibrillation. Hospital treatments and procedures included thrombolytic therapy,
coronary angiography, coronary bypass, and coronary angioplasty. Discharge treatments included antiplatelet medications, B-blockers, diuretics, digoxin, angiotensin-converting enzyme inhibitors,

calcium-channel blockers, and nitrates.

and coworkers (22) reported that higher mortality rates
at 3 years after myocardial infarction in women com-
pared with men were present only up to 70 years of age.
The mortality data in their study, however, also in-
cluded in-hospital deaths. In a large Medicare popula-
tion, the effect of sex on long-term mortality after myo-
cardial infarction varied slightly according to age,
despite the fact that the sample included only older
adults (12). A third study (19), however, showed a sim-
ilar sex-based difference in mortality rate in four age
groups, although the number of women, particularly
younger women, was small.

We found that preexisting illnesses and risk factors,
myocardial infarction characteristics, acute clinical com-
plications, and treatments did not explain the higher
postdischarge mortality differences in younger women
compared with men. In addition, a possible effect of
diabetes in women and men, previously suggested in the
literature (29-32), did not play a role in our findings. In
our previous report of hospital mortality, differences in
medical history, clinical characteristics, and treatments
between women and men explained only approximately
one third of the sex-based mortality differences at
younger ages (8). In addition, no interaction between
sex and diabetes was found (34). Our current analysis
indicates that these factors may have an even smaller
effect on sex-based mortality differences after discharge.
Therefore, other explanations should be sought.

Compared with men, women are more protected
against coronary atherosclerosis until their later years of
life, as indicated by a lower incidence of myocardial
infarction (35), a greater likelihood of unstable angina as
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the initial manifestation of acute cardiac ischemia (36—
41), and less extensive coronary narrowing at the time of
the acute ischemic episode (10, 38, 42—44). This appar-
ent protection raises the question of whether younger
women who experience a myocardial infarction have
some unknown risk factors or lack protective factors
normally present in women (45).

Proposed mechanisms for premature coronary heart
disease in women have focused on estrogen mechanisms
(such as abnormalities in the density or type of estrogen
receptors [45, 46]) or indices of ovarian dysfunction
(such as lower estrogen levels [47], menstrual irregular-
ities [48-50], and premature menopause [51, 52]). In
addition to increasing women’s risk for premature cor-
onary heart disease, these mechanisms might also impair
the ability of women to repair myocardial damage once
it has occurred, leading to increased long-term mortal-
ity. These hypotheses, however, are not necessarily use-
ful in explaining why women have higher mortality rates
than men after myocardial infarction; if they are correct,
the risk between men and women would be equalized
because the female survival advantage would be elimi-
nated.

Because the sex-based differences in mortality were
independent of clinical severity and other clinical char-
acteristics, nonbiological factors might be implicated.
Behavioral, psychological, and social factors should be
considered as alternative explanations. For example, de-
pression (53, 54), social isolation and lack of support
(55-57), low socioeconomic resources (58, 59), and var-
ious definitions of “emotional stress” (60—62) have been
related to prognosis after coronary heart disease and may
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affect women and men differently. Psychosocial factors
might play a role by influencing lifestyle and health be-
haviors (such as smoking, adherence to medications, and
propensity to seek medical care) but also by influencing
several pathophysiologic pathways implicated in coro-
nary ischemia and arrhythmogenesis (63).

Another possible explanation for our findings is a
difference in the threshold for hospital admission. Be-
cause acute coronary ischemia is less typical in women
than in men, particularly at younger ages (8), it is pos-
sible that milder cases of myocardial infarction are more
often missed in women. This would artificially increase
the proportion of severe cases in women who are admit-
ted to the hospital. Since our study was based on hos-
pitalized patients, we could not assess whether sex dif-
ferences in the likelihood of being admitted affected our
results. However, data from the multinational Monitor-
ing Trends and Determinants in Cardiovascular Dis-
eases (MONICA) project have shown that consideration
of out-of-hospital deaths did not eliminate the higher
hospital case fatality among female patients younger
than 50 years of age (64).

Another limitation of our study is that the available
information included only data abstracted from medical
records. No information was available about reproduc-
tive history, menopausal status, or behavioral and psy-
chosocial factors. We also did not have information on
current or previous smoking status. Although smoking
status seems to be similar in male and female patients
with myocardial infarction who are younger than 70
years of age (3, 8), women might be less prone to stop
smoking after myocardial infarction than men. In addi-
tion, we did not have information on the use of out-
patient treatments during follow-up, adherence to
medications, and referral and adherence to cardiac reha-
bilitation programs. Each of these factors could explain
the mortality differences observed if they differ between
women and men, particularly at younger ages. Despite
these limitations, however, this study has the important
strengths of being community-based in a large metro-
politan area. This should minimize bias and ensure the
generalizability of the results.

In summary, we found that an important interac-
tion between sex and age affected long-term mortality
among survivors of hospitalization for myocardial in-
farction. These findings complement a similar recent
finding regarding hospital mortality (8). Our results un-
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derscore the fact that younger women who develop a
myocardial infarction are at greater risk for death than
younger men with the same condition. Future research
should examine the reasons for this increased mortality.
Increased understanding will provide important insights
into the pathophysiology and clinical course of cardio-
vascular disease in women, as well as the development of
more effective secondary preventive approaches.
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