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Background: Studies of sex differences in mortality af-
ter myocardial infarction (MI) have shown conflicting
results.

Objectives: To test the hypothesis that sex differences
in mortality after MI vary according to patients’ age, with
younger women, but not older women, having a higher
mortality compared with men.

Methods: We performed a retrospective cohort study
of 1025 consecutive patients who met accepted criteria
forMIin 1992 and 1993 in 15 Connecticut hospitals. Data
for the study were abstracted from medical records.

Results: Women had a 40% higher hospital mortality
rate than men. Simple age adjustment eliminated the
sex difference in mortality rate (odds ratio, 0.99; 95%
confidence interval, 0.66-1.48). However, when the
sample was subdivided into 2 age groups, women

younger than 75 years showed twice as high a mortal-
ity rate as men in the same age group, while among
older patients no difference in mortality was found. In
multivariate analyses the interaction of sex with age
was highly significant, even after adjusting for comor-
bid conditions, clinical severity, process of care, and
hospital characteristics. In the fully adjusted model,
this interaction indicated that among patients younger
than 75 years women had 49% higher odds of hospital
death than men, while in the age group 75 years or
older women had 46% lower odds of death compared
with men.

Conclusions: A higher mortality of women compared
with men after MI is confined to the younger age
groups. The sex-age interaction should be considered
when examining sex differences in mortality after ML
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TUDIES OF sex differences in
mortality after myocardial in-
farction (MI) have consistently
indicated that women have
higher unadjusted mortality

women.">!” Furthermore, studies?*?’ that
have analyzed separately the mortality ex-
perience of younger and older patients have
usually shown that the worse prognosis of
women was confined to the younger age
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rates, especially for short-term follow-ups
(hospitalization or first month).! However,
dataare conflicting regarding whether mor-
tality remains higher in women after adjust-
ing for differences in age and other prog-
nostic factors. While in a number of stud-
ies* such adjustmentresulted in a similar
outcome in men and women, in other
studies'*"®it failed to account for the higher
mortality rates of women.

Differences in the age distribution of
study samples may explain some of the dis-
crepancies of findings across studies. Stud-
ies of elderly populations with MI have con-
sistently found either no significant differ-
ences in mortality between men and
women,'* or even a lower mortality rate
among women.*** In contrast, hospital se-
ries that have excluded elderly subjects have
often found higher mortality rates among
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groups.

These previous data suggest that the
association of sex with mortality depends
on the patients’ age, and that much of the
difference in outcome of MI between men
and women described in previous literature
may be due to sex differences at younger
ages. However, the finding that the relation-
ship of sex with mortality varies according
toage has usually been incidental and some-
what unappreciated in previous literature.
Consequently, little has been done to bet-
ter describe and understand these results.
Presumably age-related sex differences in
comorbidity and process of care are 2 key
explanatory factors for the age-dependent
effect of sex on post-MI mortality. Some of
the previous studies* were based on admin-
istrative data sets in which comorbidity in-
formation was likely to be incomplete. On
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METHODS

STUDY SAMPLE

This study is based on the Myocardial Infarction Project
11, a database developed for quality improvement pur-
poses by the Connecticut Peer Review Organization and
15 Connecticut hospitals. The details of this project have
been published earlier.”® Participating hospitals ranged from
92 to 875 beds and included both teaching and nonteach-
ing institutions. All had intensive care units. Two thirds
of these hospitals had catheterization facilities, while one
third also had revascularization facilities.

Patients included in the database were those who were
hospitalized in these 15 institutions in 1992 and 1993 and
had a principal discharge diagnosis of acute MI (Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modi-
fication,?” code 410). Cases were selected from hospital dis-
charge records beginning in December 1993 and working
backward consecutively until at least 50 cases were as-
sembled from each hospital. Trained nurses and medical
record technicians abstracted the medical records of these
patients to obtain information on demographics, medical
history, clinical characteristics on admission, treatments,
and hospital mortality. If patients were discharged to an-
other acute care facility, medical charts of the second hos-
pitalization were also reviewed to assess process of care and
outcomes. The database also contained information on hos-
pital characteristics, ie, number of beds and cardiovascu-
lar services offered. The hospitals were classified as offer-
ing (1) full invasive cardiovascular services, ie, coronary
angiography, angioplasty, and bypass surgery; (2) partial
invasive cardiovascular services, ie, only coronary angiog-
raphy; or (3) no invasive cardiovascular services. Each of
these cardiovascular peer groups included 5 hospitals.

Patients were included in the present study if they had
a peak creatine kinase (CK) MB fraction of more than 5%
of total CK, or at least 2 of the following criteria: presence
of chest pain on admission; ST-segment elevation consis-
tent with acute MI in at least 2 contiguous leads; and a 2-
fold elevation of the CK level. However, when only one CK
value was available, this was considered to fulfill enzyme

criteria if it was above the normal limit (to avoid the po-
tential bias that patients might have died before a peak CK
value was obtained).

STUDY VARIABLES

In mostanalyses, patients were classified into 1 of 2 age groups
according to whether they were younger than 75 years or 75
years or older. This age cutoff point, which was slightly greater
than the median age (71 years), was chosen because of few wom-
enin the youngerage groups. Inaddition, 75 years represents
the age up to which the rate of Ml is lower in women compared
with men,? and up to which genetic components to coronary
heart disease incidence in women are particularly strong.”
Therefore, this age cutoff point allowed us to define a group
of female patients with premature MI who may have a particu-
larly aggressive coronary atherosclerosis or other predispos-
ing factors to more severe coronary heart disease outcomes.

Historical and clinical characteristics that were avail-
able for analysis included history of congestive heart fail-
ure, history of stroke, history of diabetes treated with in-
sulin, history of severe hypertension (defined as history of
uncontrolled hypertension, admission systolic blood pres-
sure =200 mm Hg, or diastolic blood pressure =120
mm Hg), renal insufficiency (defined as an admission labo-
ratory value of creatinine >176.8 pmol/L [>2 mg/dL]), ane-
mia (admission hematocrit, <0.3 or hemoglobin, <0.01
g/L), location of the infarction (anterior vs other loca-
tions), Killip class,*® and first creatine kinase level greater
than 3 times the upper normal limit. The Killip classifica-
tion is based on 4 categories: 1, no heart failure, ie, ab-
sence of any sign of cardiac decompensation; 2, heart fail-
ure; 3, pulmonary edema; and 4, cardiogenic shock. Process
of care variables included treatments and features on ad-
mission or within 24 hours from admission: use of throm-
bolytics, aspirin, B-blockers, or angiotensin-converting en-
zyme inhibitors within 24 hours from hospital arrival, and
presence of a cardiologist as admitting or attending phy-
sician. We deliberately chose to include in the analysis only
those treatments recommended on admission or in the first
24 hours’ to minimize a bias due to early mortality, ie,

Continued on next page

the other hand, treatmentdifferences have never been con-
sidered as a potential explanation for outcome differences
between women and men in different age groups.

The purpose of this study was therefore to assess
whether sex differences in mortality after MI depend on
the patients’ age, irrespective of differences in comorbid-
ity and treatment factors. Our specific hypothesis was that
in younger age groups women tend to have a worse prog-
nosis than men, while in older age groups there are no dif-
ferences in prognosis or even the inverse may be true.

— T

STUDY SAMPLE AND BIVARIATE ANALYSES

The Myocardial Infarction Project II database included
1212 patients. Of these, 97 patients (45 men and 52 wom-
en) were excluded because they did not meet criteria for

MI. An additional 80 patients (49 men and 31 women)
were excluded because outcome in transfer hospitals was
unknown. Finally, 10 patients (5 men and 5 women) were
eliminated because of missing information on baseline
clinical variables. Therefore, 1025 patients, 594 men and
431 women, were left for analysis. Of these patients, 211
(137 men and 74 women) were transferred to other acute
care facilities, and therefore had the primary and trans-
fer hospitalization linked to assess outcome.

Table 1 shows comparisons of baseline character-
istics between women and men after stratification by age.
In both age groups women were significantly older than
men. In the age group younger than 75 years, women had
more comorbid conditions than men: they were more
likely to report a history of congestive heart failure, dia-
betes treated with insulin, and stroke, as well as to have
renal insufficiency and anemia on admission. In con-
trast, fewer sex differences in comorbid conditions were
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patients may die before such treatments are initiated. For
the same reason we did not consider cardiac procedures
such as catheterization and revascularization, since these
usually occurred at different time points after the first hos-
pital day. In addition to use of thrombolytic therapy in the
first 24 hours, we examined sex differences in length of time
from admission to administration of thrombolytic therapy
in the first 24 hours. We also examined sex differences in
time from onset of symptoms to hospital arrival, but this
information was limited to a subset of patients who re-
ported chest pain and for whom the time of onset of chest
pain was documented. Hospital characteristics consid-
ered in the analysis included hospital size greater or less
than the median hospital size (350 beds), presence of coro-
nary angiography, and presence of coronary revasculariza-
tion facilities (peer group).

STUDY OUTCOME

The end point of this study was hospital mortality rates.
For those patients who were transferred to another acute
care facility, the outcome in the transfer hospital was in-
cluded in the outcome measure.

STATISTICAL ANALYSIS

The purpose of the statistical analysis was to test whether
the mortality experience of women compared with men dur-
ing hospitalization differed according to age (ie, whether
there was a significant sex-age interaction with mortal-
ity), after adjusting for differences in comorbidity and other
risk factors.

First, we performed bivariate comparisons of base-
line characteristics between women and men after strati-
fication according to the 2 age groups. Statistical signifi-
cance of bivariate associations was tested by using the x*
statistic for dichotomous variables and the Student ¢ test
for continuous and normally distributed variables.

Next, we sought to test whether there was a signifi-
cant interaction between sex and age for hospital mortal-
ity and whether such interaction would be still signifi-
cantly associated with mortality after adjusting for a number
of baseline differences between men and women. We con-

structed a series of hierarchical logistic regression models
in sequential fashion. The first model included sex as the
sole explanatory variable. The second model included sex
and age. In the third model, the interaction term of sex with
age was added to the previous factors. This interaction term
tested the hypothesis that the association between sex and
mortality differs according to age group, younger than 75
years or 75 years or older, and allowed the calculation of
odds ratios (ORs) of mortality for women vs men within
each age group, before adjusting for differences in risk fac-
tors between sexes, except age. In subsequent models, the
following characteristics were added: comorbid condi-
tions, clinical severity on admission, process of care on ad-
mission or in first 24 hours, and hospital characteristics.
This method of hierarchical modeling allowed us to assess
the impact of each of the features sequentially added to the
model on the association between sex and mortality in each
of the 2 age groups.

To be reassured that the results were not dependent
on the age cutoff point chosen, we repeated the analyses
using sex-age interactions that treated age in different ways,
ie, age as an ordinal variable according to deciles, age as a
continuous variable, and age categorized into 4 age groups.
Aside from the interaction term, age in the models was
treated as a continuous factor, since no significant depar-
ture from linear trend for age was found. In this way, we
ensured that any residual age difference between women
and men within each of the 2 groups under studys, ie,
younger than 75 years and 75 years or older, would be taken
into account.

To allow comparisons of estimates among sequential
models, once included, factors were not allowed to drop
out of the models. Model reduction was only performed
after the final model was fitted by using a backward elimi-
nation procedure with exit significance level of .05. Sex,
age, and the interaction of sex with age were forced in this
model. The model was also repeated without forcing the
interaction. Adequacy of model fit was assessed in all these
models by inspecting residual plots and influence statis-
tics,* as well as by goodness-of-fit test, which compared
observed and expected responses within deciles of out-
come probability.> Interactions of sex with other vari-
ables were also tested in all the models.

found in the older age group. In both age brackets women
and men showed remarkably similar clinical character-
istics on admission, including Killip class and creatine
kinase levels more than 3 times the upper normal limit.
However, there were differences in the location of the in-
farction, anterior infarction being more common in older
women compared with older men. In the younger age
group women tended to receive thrombolytic therapy,
aspirin, and B-blockers in the first 24 hours less often
than men, and women were less likely to receive care from
a cardiologist on admission. In the older age group only
a lower use of aspirin in women with respect to men was
noted. Sex differences in time from onset of symptoms
to hospital presentation were not found, although these
data were available only among those patients (396 men
and 260 women) who reported chest pain and had a time
onset documented. The time from admission to throm-
bolytic therapy among patients who received thrombo-

lytic therapy within 24 hours was also similar in the 2
sexes in both age groups. There were also no differences
between women and men in the characteristics of the hos-
pitals where they were admitted (peer group or hospital
size). Despite the similarities in admission characteris-
tics, length of hospital stay was on average 2 days longer
in younger women (9 days) than in younger men (7.4
days), while it was similar in the older women and men.

In the whole sample women had a 40% higher hos-
pital death rate than men (14.4% vs 10.3%). However,
when mortality was examined by age group, women
younger than 75 years had a hospital mortality rate that
was almost twice as high as men in the same age group,
while no difference in mortality was found among older
patients (Table 1). To assess whether similar sex differ-
ences in mortality would be found using a finer age break-
down, we calculated mortality rates by age decile in
women and men. Figure 1 shows that women had a
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Table 1. Demographic and Clinical Characteristics in Women and Men According to Age Group*

Age <75y Age =75y
I Women Men ! I Women Men I
(n = 208) (n = 417) P (n = 223) (n=177) P
Mean (SD) age, y 63.5 (8.5) 60.4 (10.5) <.001 82.7 (5.7) 80.6 (4.4) <.001
History of congestive heart failure 44 (21.2) 62 (14.9) .05 103 (46.2) 71 (40.1) .22
Insulin therapy 50 (24.0) 42 (10.1) <.001 34 (15.3) 15 (8.5) .04
History of stroke 23 (11.1) 19 (4.6) .002 35 (15.7) 21 (11.9) 27
Severe hypertensiont 11 (5.3) 26 (6.2) .64 17 (7.6) 11 (6.2) .58
Renal insufficiency on admissiont 16 (7.7) 11 (2.6) .003 13 (5.8) 14 (7.9) A1
Anemia on admission§ 12 (5.8) 6 (1.4) .002 11 (4.9) 9(5.1) .95
Anterior infarction 49 (23.6) 98 (23.5) .99 64 (28.7) 32 (18.1) .01
Killip class Ill or IV 21 (10.1) 43 (10.3) .93 53 (23.8) 44 (24.9) .80
First creatine kinase level >3 times the normal limit 28 (13.5) 59 (14.2) .80 20 (9.0) 20 (11.3) 44
Thrombolytic therapy in first 24 h 70 (33.7) 171 (41.0) .08 36 (16.1) 33(18.6) 51
Mean (SD) time (hours) from admission to 1.9 (3.3) 1.5 (2.3) .36 2.2 (4.1) 2.0 (3.8) .82
thrombolytic therapy in first 24 h
Mean (SD) time (hours) from onset of chest pain 5.5 (8.3) 5.0 (7.8) .54 4.8 (5.0) 45(7.2) .68
to hospital arrival|
Aspirin in first 24 h 166 (79.8) 353 (84.7) 13 147 (65.9) 138 (78.0) .008
B-Blockers in first 24 h 84 (40.4) 204 (48.9) .04 79 (35.4) 59 (33.3) .66
Angiotensin-converting enzyme inhibitors in first 24 h 23 (11.1) 44 (10.6) .85 53 (23.8) 39 (22.0) .68
Cardiologist on admission or as attending physician 102 (49.0) 244 (58.5) .02 87 (39.0) 80 (45.2) 21
Hospital peer group
Catheterization and revascularization 63 (30.3) 141 (33.8) 90 (40.4) 57 (32.2)
Catheterization only 80 (38.5) 146 (35.0) ] .61 57 (25.6) 64 (36.2) i| .06
Neither 65 (31.3) 130 (31.2) 76 (34.1) 56 (31.6)
Hospital size (=350 beds) 86 (41.4) 186 (44.6) A4 110 (49.3) 79 (44.6) .35
Mean (SD) length of hospital stay, d 9.0 (6.9) 7.4 (4.8) .002 10 0(7.8) 9.3(7.4) 31
In-hospital death 23 (11.1) 27 (6.5) .05 39 (17.5) 34 (19.2) .66

*Values are number (percentage) unless otherwise indicated.

tHistory of uncontrolled hypertension or systolic blood pressure of 200 mm Hg or higher or diastolic blood pressure of 120 mm Hg or higher on admission.

tAdmission creatinine level of more than 176.8 ymol/L (>2 mg/dL).

§Admission hematocrit of less than 0.3 or admission hemoglobin of less than 0.01 g/L.

|[Two hundred sixty women and 396 men.

higher mortality rate than men in the 2 younger age
groups, while in the older age groups either there was
no sex difference in mortality, or men had higher mor-
tality rates.

MULTIVARIATE ANALYSES

The first part of our multivariate analyses addressed the
main effect of age on the relationship between sex and
hospital mortality. When sex was the only variable in the
model, women showed almost 50% higher odds of hos-
pital mortality compared with men (OR, 1.46; 95% con-
fidence interval [CI], 1.01-2.14). However, age adjust-
ment appeared to explain completely the sex difference
in mortality (OR, 0.99; 95% CI, 0.66-1.48).

The second part of the analysis assessed the role of
the sex-age interaction and provided estimates of the as-
sociation between sex and mortality separately in the 2
age groups, ie, younger than 75 years and 75 years or older,
before and after adjusting sequentially for a number of
risk factors for mortality (Table 2). The sex-age inter-
action was added to the model that included age and sex
and was found to be statistically significant (P =.01). Odds
ratios calculated from this model indicated that the odds
of mortality were almost 70% higher in women com-
pared with men in the age group younger than 75 years,
while the odds of mortality were about 30% lower among
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Figure 1. The in-hospital mortality of women and men by age group.

women 75 years or older. Adjustment for comorbidity
had some impact in the younger age group but not in the
older age group. This result was expected given that there
were substantial differences in comorbidity between men
and women among patients younger than 75 years, but
notamong older patients. Additional adjustment for clini-
cal severity variables, process of care, and hospital char-
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acteristics further reduced the odds of mortality of women
compared with men in the younger age group. How-
ever, in this model (step 4 in Table 2), women had still
almost 50% higher odds of hospital death than men if
they were younger than 75 years. On the other hand, the
same model showed that women had almost 50% lower
odds of death compared with men if they were 75 years
or older after adjustment for all the factors mentioned
earlier. Although within each age group sex differences
in mortality did not usually reach statistical significance
(as shown by the CIs that in most models include 1), the
significant interaction indicates that across the 2 age
groups the mortality experience of women differed sig-
nificantly compared with men. The fact that the CIs for
the 2 age groups overlap is not in contradiction with the
significant interaction. In fact, the 95% probability for
the CIs in Table 2 is computed for the ORs in the 2 sepa-
rate age strata, while an appropriate test for equality of
the 2 ORs would have to consider the 2 ORs simulta-
neously. Therefore, while these Cls are analogous of tests
of statistical significance for the effect of sex within age
group, they should not be used to test whether the ef-
fect of sex differs in the 2 age groups.

When we used different scales of measurement for
age (age ordinal according to deciles, age categorical ac-
cording to 4 age groups, and age continuous), the re-
sults indicated that the younger the age group, the worse
the outcome of women compared with men.

Figure 2 illustrates further the results of the mul-
tivariate analysis. Adjusted death rates were calculated
from the most complete model (step 4 in Table 2) using
an ordinal measure of age in the interaction term and plot-
ted against age separately for women and men. The graph
clearly illustrates the interaction effect of sex and age on
mortality. Women at younger ages have higher death rates
than men, but because their death rates increase less

steadily with age than in men, at older ages men have
higher rates.

B COMMENT

This study introduces a novel way of thinking regarding
the controversy over whether outcome after MI differs
between women and men. Simple age adjustment ap-
peared to eliminate the higher mortality of women com-
pared with men. This result is consistent with several pre-
vious studies' that have found that the older age of the
women is the major explanatory factor for their higher
death rates after MI. However, when the mortality ex-
perience of women and men was compared within age
strata by examining the interaction of sex with age, our
findings indicated that there is a marked difference in out-
come after MI of women compared with men depend-
ing on age. Women younger than 75 years showed a
higher mortality rate than men, but among patients aged
75 years or older the inverse appeared to be true. In ad-
dition, the younger the age group, the worse the out-
come of women compared with men. In our analysis, had
we not considered the interaction term of sex with age,
we would have concluded that the older age of the women
explains sex differences in mortality after M1, as many
previous studies have.! However, inclusion of the inter-
action between sex and age in the model yielded a dif-
ferent final result.

To our knowledge, our study is the first to specifi-
cally address the hypothesis that mortality after MI of
women compared with men differs according to age. How-
ever, this finding has been presented, somewhat unap-
preciated, in many previous studies®®1>1#23:253%35 (hat
showed age-stratified data. In all these studies, both un-
adjusted®®131*3435 and adjusted®* differences in mor-
tality between women and men (with women having

Covariables*

Table 2. Relationship Between Sex and In-hospital Mortality After Myocardial Infarction for 2 Age Categories and Effect of Adding

Age Group, y
1
<75 =75
T T 1
OR of Mortality for OR of Mortality for
Female Sex 95% CI Female Sex 95% Cl Pt
Step 1, age adjusted 1.69 0.98-2.93 0.67 0.41-1.12 .01
Step 2, adjusted for age and comorbidity+ 1.52 0.86-2.68 0.65 0.39-1.08 .02
Step 3, adjusted for age, comorbidity, and clinical severity on admission§ 1.56 0.87-2.79 0.61 0.36-1.04 .01
Step 4, adjusted for all above, plus process of care on admission||,
hospital cardiovascular peer group, and hospital size =350 beds 1.49 0.82-2.71 0.54 0.30-0.94 .009
Reduced modelf 1.66 0.93-2.96 0.55 0.32-0.96 .004

*The odds ratios (ORs) are calculated by means of logistic regression analysis. Cl indicates confidence interval.

1P value for the integration effect: difference in OR for the association of sex with mortality rates between the 2 age groups.

tHistory of congestive heart failure, history of cerebrovascular accident, history of diabetes treated with insulin, severe hypertension (history of uncontrolled
hypertension or admission systolic blood pressure =200 mm Hg or diastolic blood pressure =120 mm Hg), renal dysfunction on admission (creatinine level,
>176.8 pmol/L [>2 mg/dL]), and anemia on admission (hematocrit <0.3 or hemoglobin <0.01 g/L).

§Anterior infarction, Killip class Ill or IV, and first creatine kinase level more than 3 times the upper normal limit.

|IThrombolytic therapy within 24 hours from admission, aspirin, 3-blockers, and angiotensin-converting enzyme inhibitors given within 24 hours from

admission, and presence of a cardiologist as admitting or attending physician.

1A backward elimination procedure was applied to the variables included in step 3, with significance level for remaining in the model of .05 for all variables in
step 3 except sex, age, and the sex-age interaction that were forced. In addition to sex, age, and the sex-age interaction, the following variables were selected as a
result of the backward elimination procedure: anterior infarction, Killip class 11l or IV, first creatine kinase level more than 3 times the upper normal limit, aspirin
therapy within 24 hours from admission, and 3-blocker therapy within 24 hours of admission. Similar results were obtained when the sex-age interaction was not

forced in the model.
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Figure 2. Predicted probability of in-hospital death from the logistic
regression model (age ordinal) adjusted for all the variables in the most
complete model of Table 2.

higher rates) were more pronounced in younger than in
older age groups. For example, in the study by Kostis et
al** death rates were significantly higher in women up
to age 70 years, whereas after this age men had signifi-
cantly higher rates. He et al** found a 3-fold difference
in risk associated with sex between younger (<60 years)
and older subjects in a study of patients with MI admit-
ted to a Chinese hospital, and the authors concluded that
the greater mortality of women compared with men was
primarily attributable to sex differences in mortality at
younger ages. In a sample of 1600 patients aged 30 to 74
years from the Minnesota Heart Survey, Demirovic et al*
found that the 28-day mortality rate was twice as high
in women than in men in multivariate analysis among
patients younger than 65 years, while among older pa-
tients no differences in mortality were found. On the other
hand, visual inspection of cumulative mortality curves
in the Third International Study of Infarct Survival (ISIS-3)
trial®® indicates that the effect of sex on 35-day mortal-
ity was similar according to 3 age groups. However, be-
cause ISIS-3 was a randomized controlled trial, the gen-
eralizability of these results to the majority of patients
with MI is unknown. In addition, unless the proportion
of eligible patients who were included in the trial is the
same in men and women, a bias with respect to sex in
this type of study cannot be excluded.

Even among older populations the association be-
tween sex and mortality after MI appears to vary with age,
albeit less strikingly so. An inspection of survival curves
at 30 days in a large Medicare population®' indicates that
women had slightly higher mortality rates than men in the
age group of 65 to 74 years, similar death rates in the age
group of 75 to 84 years, and slightly lower mortality rates
in the age brackets of 85 years or older. Among survivors
of the first 30 days, women had overall a slightly lower
2-year mortality rate than men, but, again, the effect of sex
on mortality appeared to depend on age: the older the age
group, the greater the survival advantage of women.*'

In our study the increased mortality in younger
women compared with men occurred despite similar ad-

mission clinical severity characteristics. However, in the
age group younger than 75 years women had a higher
rate of comorbid conditions compared with men, while
little difference in comorbidity was found among the older
patients. Other studies have shown similar findings, in
particular with regard to congestive heart failure,>" dia-
betes mellitus, and renal insufficiency.” The higher preva-
lence of comorbidity (that may trigger complications dur-
ing the hospital stay) in the younger women compared
with men may also have contributed to the longer length
of stay of these women. As expected from these sex dif-
ferences in comorbidity distribution according to age, ad-
justment for concurrent illnesses partially explained the
higher mortality of younger women compared with men,
while it did not affect the relationship between sex and
mortality in the older age group. However, inclusion of
comorbid conditions in the analysis did not eliminate the
interaction effect between sex and age. Consistent with
our findings, Kostis et al** observed that the magnitude
of difference between the adjusted and unadjusted rela-
tive risks was greatest in the youngest age group and least
in the oldest, and that adjustment for comorbidity did
not explain the higher mortality of women in the young-
est age brackets.?*

Why do women experience a more unfavorable out-
come after MI in younger ages, but not at older ages? One
explanation may be linked to the uncommon occur-
rence of MI in younger women. Because of the protec-
tive effect of estrogen in premenopausal ages, women are
relatively spared from coronary atherosclerosis until about
75 years old.”®* Women who develop an MI prematurely
may be those who are highly predisposed to this dis-
ease, either because of early onset and/or high severity
of coronary heart disease risk factors, or because of ge-
netic predisposition involving other mechanisms. For
these same reasons the development of coronary artery
disease may also be particularly aggressive in these women.
Consistent with this hypothesis, we found higher rates
of comorbidity and risk factors among women com-
pared with men, but mostly limited to the younger age
group. For example, women younger than 75 years had
more than 2 times the rate of insulin-treated diabetes,
stroke, and renal insufficiency, compared with men. The
higher rate of diabetes, in particular, may have a genetic
component and may lead toward severe atherosclerosis
and cardiovascular events (including stroke), as well as
renal insufficiency, which may in itself accelerate the ath-
erosclerotic process. Genetic predisposition may in-
volve other (yet less-defined) mechanisms. It has been
demonstrated that the genetic susceptibility to coronary
heart disease in women is strongest up to 75 years old
and is independent of other risk factors for coronary heart
disease.” While the evaluation of such genetic mecha-
nisms is beyond the scope of our study, it is possible that
heritable coagulation or metabolic factors may increase
the risk of coronary heart disease in women particularly
up to 75 years old. These same factors might be respon-
sible for a worse prognosis of MI in these women. Sev-
eral observations suggest that an increased liability for
thrombosis and coronary artery spasm may play a greater
role in the cause of MI in women, particularly if young
or middle-aged, than in men.*”* These mechanisms may
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be in part genetic in nature, may interact with standard
coronary heart disease risk factors, and may put these
women at a particularly high risk of death.

NOTHER EXPLANATION may be a delay in

detection of coronary heart disease in

younger women. Some studies have in-

dicated that women with symptoms of

coronary heart disease are referred for car-
diovascular procedures less often than men,** or that
women are referred with more advanced disease.*” Such
phenomena may be most pronounced among young and
middle-aged women, in whom coronary heart disease is
relatively uncommon compared with men of similar age.
This potential delay in the diagnosis and treatment of early
manifestations of coronary heart disease may result in
more severe MIs in these women compared with men.
The finding that female patients with MI tend to have less
advanced rather than more advanced coronary athero-
sclerosis than men®’2° does not contradict this hypoth-
esis, since severe infarctions may occur on mild or mod-
erate lesions for which coronary collaterals have not been
developed. However, a sex-related referral bias has been
recently questioned by the finding that physicians do not
appear to underestimate the risk of coronary disease in
women when making a decision about referring pa-
tients for cardiovascular procedures.*

Another potential mechanism for the more unfa-
vorable prognosis of women in the younger age group is
lower use of established treatments for MI on admis-
sion, such as thrombolytic therapy, aspirin, and -
blockers. We observed a lower use of such therapeutic
interventions in women compared with men, which was
more pronounced at younger ages. Several studies®**® have
found that recommended treatments for MI are admin-
istered less often to women® and to older patients, but
sex differences in treatment have rarely been examined
according to age. Gurwitz et al,”° using the National Reg-
istry of Myocardial Infarction, presented data consis-
tent with our results. In their study, the women in the
age group younger than 55 years showed the lowest use
of thrombolytic therapy and B-blockers compared with
men. This finding of a greater treatment disparity in
women compared with men at younger ages might re-
flect a lower suspicion of MI among younger women at
presentation, or may be due to the more extensive co-
morbidity of these women compared with men of simi-
lar age. In our study these treatment differences ap-
peared to contribute to the sex difference in mortality,
although they did not explain it.

Our study presents several advantages compared with
previous literature. We were able to examine the sex-
age interaction on post-MI mortality while taking into
account several factors that might influence it, ie, co-
morbidity, clinical severity, and process of care, in the
attempt to explain this finding. Other advantages com-
pared with some of the previous studies are the inclu-
sion of study patients from several community hospitals
rather than from a single institution, and the use of medi-
cal record abstraction data rather than administrative da-
tabase information.

In interpreting the results of our study, we should
take into account a number of methodological limita-
tions. Information on coexisting illnesses was imper-
fect. Specifically, we did not have data on previous in-
farctions, or on the less severe forms of hypertension and
diabetes. Incomplete measurement of comorbidity may
be the reason why adjustment for concurrent illnesses
did not eliminate women’s higher risk of death in the
younger age brackets. Nonetheless, previous studies?**
found higher mortality rates in nonelderly women com-
pared with men even after controlling for these factors.
Previous infarction is more common in men, therefore
its inclusion may have decreased the survival advantage
of women at older ages, but for the same reason it may
have increased the female disadvantage at younger ages.

We should also acknowledge that, although we had
more than a thousand patients in our analyses, our sample
size did not allow to test for interactions with age that con-
sidered more than 2 age groups. The reason for this was
the low mortality rates in the younger age groups. How-
ever, bivariate analyses showed a graded effect of sex on
mortality between men and women according to age, which
supported our initial hypothesis. Our sample size was also
inadequate to assess sex differences within each age group.
In fact, although the point estimates indicate a fairly large
effect size (about 50% higher odds of mortality in women
in the younger group, and, conversely, about 50% lower
odds in women in the older group), the Cls included 1 in
most models, particularly in the younger age group who
had a lower mortality. Nonetheless, the main emphasis of
this study was on sex differences across age groups rather
than sex differences within age groups. Accordingly, the
main result of our study is that mortality in women com-
pared with men differs according to the patients’ age, with
a tendency for women to be disadvantaged compared with
men among younger patients as opposed to older pa-
tients. A larger sample would be required to conclude that
women have a significantly higher mortality rate than men
in the younger age brackets.

Another potential pitfall is the exclusion of 80 pa-
tients because their outcome in the transfer hospitals was
not known. Since there is no reason to suspect that these
missing data were related to sex, they should not have
introduced a bias in our analysis. On the other hand, the
ability to consider outcome in transfer hospitals, in ad-
dition to the initial hospitalization, is a strength of our
study and an improvement over previous research that
has used hospital mortality as study outcome.

Given the sampling procedures, ie, inclusion of at
least 50 cases from each of 15 hospitals of different sizes,
our sample may have overrepresented patients from
smaller hospitals. However, even though process of care
(exemplified by use of thrombolytic therapy among eli-
gible patients) varied among these hospitals,? it was not
related to hospital size or presence of invasive cardio-
vascular services (unpublished data available from us).
In addition, our study showed that the sex distribution
in each age group did not vary by hospital size and car-
diovascular services offered. Therefore, it is unlikely that
the sampling procedures have biased our results.

Another limitation of our study is that we were able
to include only individuals who were hospitalized for ML
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Allindividuals who died before reaching the hospital were
not included. Yet this limitation is unavoidable if the di-
agnosis of MI has to fit accepted diagnostic criteria of clini-
cal symptoms, enzyme elevations, and electrocardio-
graphic changes. A study from the Scottish Multinational
Monitoring of Trends and Determinants of Cardiovas-
cular Disease (MONICA)’! project found that more men
than women with coronary events die before reaching
the hospital. Therefore, our observation of a higher in-
hospital mortality among younger women may be due
to a difference in prehospital mortality between younger
men and women, with more women dying after hospi-
tal arrival because the equivalent number of men have
already died before hospital arrival.”* However, a more
recent study’ based on the whole MONICA registry in-
volving populations in 18 different countries found simi-
lar median rates of prehospital death in men and women,
with considerable variation of rates across countries.’?
While this possible explanation should be addressed by
future studies, our investigation focuses on sex differ-
ences in outcome in that subgroup of patients with MI
who make it to the hospital. We do not believe that the
study of hospitalized individuals diminishes the impor-
tance of our findings, since these individuals may be more
amenable to interventions to improve their outcome than
those who die suddenly before being able to receive care.
In conclusion, our results suggest that the ongoing
controversy about whether women fare worse than men
after MI should be focused on women before elderly age.
These women should be recognized as a particularly high-
risk group for early mortality after MI compared with men.
Among elderly patients, women may even show a survival
advantage compared with men. This variation of effect of
sex with age on postinfarction mortality may help resolve
conflicting data on this topic in previous literature.
Our results have important implications for future
research. When examining sex differences in outcome
of MI, it may not be sufficient to adjust for age, but fu-
ture studies should also consider the interaction be-
tween sex and age. Further investigations should also con-
firm our findings in larger populations, and address the
mechanisms underlying the poor prognosis of nonel-
derly female patients with MI compared with men.
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