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Both mortality due to cerebrovascular disease in
individuals aged under 85 years and mortality due to
acute myocardial infarction (AMI) are lower in women
than men. In contrast, the age-adjusted 28-day case
fatality rate after a first AMI is 20% higher in women,
particularly in countries where the incidence of AMI is low.
In Spain, the case fatality rate is elevated in women
hospitalized for a first AMI, but not in those with other
forms of coronary heart disease. The pattern of mortality
observed after symptom onset, which shows that death is
delayed in women, suggests that the mechanism of death
is different in the 2 sexes. The substantial variation that
exists in the way results are adjusted and presented
make it very difficult to compare the findings of different
studies. Relative to men, women with AMI are 10 years
older, reach hospital 1 hour later on average, more
frequently have a comorbid condition (mainly diabetes
and hypertension), progress to a more serious clinical
state, and have a higher adjusted 28-day mortality risk.
Moreover, the treatment given to women during the acute
phase is less aggressive. A change in healthcare
workers’ attitudes is needed so that women with acute
coronary syndromes can be identified earlier, thereby
increasing the use of diagnostic and therapeutic
procedures to a level that corresponds to the greater
severity of AMI observed in women at presentation.

Key words: Sex. Coronary disease. Cerebrovascular di-
sease. Incidence. Mortality

Epidemiologia de las enfermedades
cardiovasculares en la mujer

Tanto la mortalidad poblacional por enfermedad cere-
brovascular hasta los 84 afios como por infarto agudo de
miocardio (IAM) es menor en mujeres que en varones.
En cambio, la mortalidad a 28 dias ajustada por edad tras
un primer IAM es un 20% mayor en las mujeres, especial-
mente en paises de baja incidencia de esta enfermedad.
En Espafia, la mortalidad es mayor en las mujeres hospi-
talizadas por un primer IAM, pero no en el resto de for-
mas de presentacion de la cardiopatia isquémica. La dis-
tribucion de las muertes, mas retrasada en mujeres,
desde el inicio de los sintomas indica distintos mecanis-
mos de fallecimiento en ambos sexos. Hay diferencias en
la presentacion de resultados que dificultan mucho la
comparabilidad de los estudios publicados. Las mujeres
con IAM son unos 10 afios mayores, llegan a los hospita-
les 1 h mas tarde de promedio, presentan mayor comor-
bilidad (diabetes e hipertension, principalmente), desarro-
llan cuadros clinicos mas graves y tienen mayor riesgo
de muerte a 28 dias, ajustado por varios de los factores
anteriores, que los varones. La intensidad de los trata-
mientos empleados es proporcionalmente inferior en las
mujeres. Es necesario un cambio de actitud en todos los
ambitos asistenciales que permita identificar precozmen-
te a las mujeres con sintomas de un sindrome coronario
agudo, para acelerar el diagnéstico y aumentar el uso de
procedimientos diagndsticos y terapéuticos de forma pro-
porcional a la mayor gravedad que presenta el IAM en la
mujer.

Palabras clave: Sexo. Cardiopatia isquémica. Enferme-
dad cerebrovascular. Incidencia. Mortalidad.
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INTRODUCTION

The incidence and mortality rates of acute myocardial
infarction (AMI) are greater in males than in femalesin
all the population registries for this disease™* (Figure 1).
The AMI mortality ratio between maes and females
depends on age® and varies between countries with a
magnitude of 2 to aimost 6 in the 35- to 64-year-old age
group® (Figure 2). On average, females who develop
AMI do so 7 to 10 years later than males.”® Despite



ABBREVIATIONS

CVD: cerebrovascular disease.

AMI: acute myocardial infarction.

MONICA: Monitoring Trends and Determinants
of Cardiovascular Diseases.

REGICOR: Registre Gironi del Cor.
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these differences, it is believed that coronary heart
disease will continue to be the leading individua cause
of death in developed countries and, probably, in
developing ones.®

The advantage of femaes regarding incidence and
mortality is lost when presenting AMI, since population
mortality a 28 days is greater in females, especidly in
hospitalized patients.1>%
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Older age and the prevalence of comorbidity (in
particular diabetes, hypertension and heart failure) in
females explains some of these differences’” and have
been cited as among the causes leading to this
unfavorable situation. Nevertheless, the differences are
maintained in many studies despite adjusting for these
factores,1011.1415193032.3336 Prognosis in the medium- and
long-term is, however, similar in both sexes among
survivors at 28 days from symptom onset when
differences regarding the characteristics of both sexes
are taken into account.3%46

The problem of cerebrovascular disease (CVD) in
Catalonia and Spain has continued to decrease in
magnitude since the 1950s in terms of population
mortality, and has done so faster than for ischemic heart
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in 2002.

disease. This fast reduction in CVD mortality means
that Spain is among the countries with the lowest rates
in the developed world (Figure 3). The standardized
cumulative incidence rate in the 45- to 84-year-old age
range in Catalonia only (268/100 000) (unpublished
data) is dightly higher than that observed in the mid-
1980s in France (238/100 000), and much lower than
that in some developed countries.*” The incidence and
mortality (unpublished data) rates of CVD aso are
higher in males than in females*® (Figure 4).

Differences between sexes in the prognosis of AMI
have been analyzed in observationa studies and as a
secondary endpoint in clinical triads as well as in other
research that had not initially been designed to address
this issue. All the approaches have advantages and
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Figure 4. Specific (A) and standardized (B) death rates by age and sex
per 100 000 inhabitants, due to cerebrovascular disease in those more
than 24 years old by decade in Catalonia 2002.

drawbacks: whereas the population studies offer a
broader vision that includes prehospital deaths due to
these causes, hospital registries offer the opportunity to
analyzein greater detail the clinical characteristics of the
patients and comorbidity. A serious limitation that makes
it difficult to compare the results of different studies lies
inthefact of using different criteriato select patients.

MORTALITY FROM ACUTE MYOCARDIAL
INFARCTION

Population Mortality

Population registries have the advantage of including
patients who die from AMI before being admitted to
hospitd and, thus, they offer the opportunity to analyze
mortality occurring before and after hospitalization in this
population.

It has been found that fatad cases are distributed
differently by sex: whereas sudden death more frequently
occurs in males, females have a worse overal prognosis
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Figure 5. Female/male mortality odds ratio in 38 MONICA/World
Health Organization centers, ordered by population incidence of
myocardial infarction in males from 35 to 64 years (A), and by the
population incidence in females of the same age (B).

within 28 days after symptom onset with mogt fatal cases
tending to occur in hospitalized patients and 24 h after
admission.622

This distribution indicates that females die more often
from heart failure than from acute complications due to
myocardial ischemia, such as ventricular arrhythmias.

Overdl, age-adjusted mortaity in females aged 35 to 64
years old is only dightly grester than in males (51.3 and
49.4%, respectively),® dthough there is considerable
geographica variability: in 13 of the 29 centersincluded in
the MONICA study (Monitoring Trends and Determinants
of Cardiovascular Diseases), the femde/mae ratio was
sgnificantly >1 but, surprisingly, in the remaining ones, no
significant differences were found which were unfavorable
to males (Table 1). In Spain, an interaction between sex
and age regarding 28-day mortdity has been described,
such that femades <64 years old do not have a worse
prognosis than maes of the same age, dthough those
between 65 to 74 yearsold do.*

Modt fatal events (median, 70% in males and 64% in
females) occur before the patients manage to get to
hospital 46134951 After admission, age-adjusted mortality
is greater among females (26.9 and 21.8%, respectively;
ratio, 1.24).46

There is a drong inverse correlation between the
population event rate and the mortality ratio between
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TABLE 1. Results and Characteristics of Studies on Differences Between Sexes in Early Mortality After Myocardial Infarction in Which the Type

of Adjustment Could Be Determined* (Continuation)

Adjustment Factors and Results

Raw Mortality
(Female/Male)

Design$  No. Females/ Age Range

Sampling

Year of
Publication

Author and

Males

Method

Reference

Adjusted OR/RR (95% Cl)

Severity Treatment in

Comorbidity

Age

for Females

Acute Phase

0.97 (NS)

1551/3991 25-64 49.6%/49.8% Yes

C/IR PR

1996

Tunstall-Pedoe

et al*

1.06 (P=.07)
0.85 (0.72-1.01)
1.16 (0.88-1.53)
1.26 (0.94-1.69)

Yes

24.1%/21%
51.4%/48.3%
22.5%/14.9%
52.9%/40.3%

25-64
25-64
25-64
25-74

1043/2525

HR/M

T/A/O
T/A/O

AISIP
AIS/P

Yes
Yes

1078/4028

C/IR PR

HR/M

1996

Sonke et al?

686/2446
257/960

Yes

CIR PR

1998

Pérez et al*

*AMI indicates acute myocardial infarction; CI, confidence interval; NA, not available; OR, odds ratio; RR, relative risk.

Sampling Method. C indicates consecutive; NC, non-consecutive; |, only incident cases; R, incident and recurrent cases of AMI; Q, only includes Q-wave AMI; RO, only recurrent cases; NQ, only non-Q wave infarction; UA,

only unstable angina.

Design. CT indicates clinical trial; PR, population registry (mortality at 28 days, including prehospital deaths); includes the following definitions of AMI from the MONICA/WHO study: definite AMI, fatal or not; death due to pos-

sible or non-classifiable AMI; HR, hospital registry (only includes patients arriving at hospital alive); CS, population sample; S, single center; M, multicenter.

Comorbidity. D indicates diabetes; H, hypertension; HF, previous heart attack; A, previous angina; S, smoking; P, Previous AMI.

Severity. K indicates heart failure in the acute phase of AMI; L, ECG location of AMI; R, arrhythmias; E, enzymatic values.

Treatment. PA indicates platelet antiaggregation; T, thrombolysis; To, all the patients received thrombolysis; RV, revascularization procedures; O, other.

tlnteraction between age and sex.

FMean of 29 centers collaborating in the MONICA/WHO study.

$Follow-up: all the studies describe hospital mortality except for 6, 11, 13, 14, 21, 22, 24, 26, 30 (28 days), 25, 32 (30 days), 19 (35 days), and 11 (42 days).
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males and females (Figure 5). Southern European
countries congtitute an example of this phenomenon: there
is a low incidence of AMI together with a high ratio of
female/male mortality.>® The reasons for this considerable
geographical variability in populaion mortality can
clearly be found in cultura differences, hedth systems
and, no doubt, the actual differences in the incidence and
severity of AMI. Despite dl this, none of these hypotheses
have been deeply explored up to the present, and should
be an area of interest for future research.

Observations in Hospitalized Patients

The high prehospital mortality in both sexes is a
serious challenge to public headth and if this can be
reduced it would have a greater impact on total mortality
a 28 days due to AMI than any other therapeutic
advanceto date. This stated, it has to be admitted that the
health system aso needs to direct its efforts toward the
patients who manage to get to hospital and, thus,
decrease hospital mortality dueto AMI.5t

There is alack of detailed information on the clinica
picture and medical history of a substantiad number of
patients who die before arriving at hospita, thus making it
difficult to accurately determine the etiology of coronary
death,*® and who are later included in the population
registries  (1%-51%). However, this information is
available regarding the patients included in hospita
registries®12214952 which are, therefore, the only ones in
which it is possble to determine whether the grester
mortality in femaes ater AMI is related to greater
comorhidity or severity of the disease?

Table 1 presents the characteristics and basic results of
the studies published to date where it was possible to
estimate the relative risk of death after an AMI for
females and to determine for which variables risk was
adjusted. In 14 of the 19 registries which included
patients consecutively, the relative risk (RR) for females
was>1.20, and in 9 thiswas >1.39. In 10 of these studies,
the RR was datistically significant. It needs to be
emphasized that RR was 1.50 in all the studies on the
Mediterranean area—mainly  Spanish—and  which
included a broad age range. Only 3 of the studies
reported RR less than 1; in 2 of them patients were >64
yearsold, but risk did not reach statistical significance.

In the MONICA-WHO sudy, a smilar pattern was
found in the relationship between the maefemae 28-day
mortdity ratio and the incidence of AMI among
hospitaized patients® The femae/mae mortality ratio was
aso higher in the areas with lower AMI incidence rates. 2>

LONG-TERM MORTALITY

Few studies have compared male and female mortality
beyond 6 months. Table 2 presents a selection of articles

that described patient evolution between 6 months and
14 year313,30,31,34,36-38,4l,42

Rev Esp Cardiol. 2006;59(3):264-74 269
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If we consider the average age at the time of AMI
symptom onset, a follow-up of more than 15 years
would give similar resultsin both sexes.

A greater risk of mortality in femaes was found in
follow-ups <1 year, even after adjusting for age and
comorbidity.1%%43 In contrast, in studies which analyzed
longer periods, no differences were observed between
males and femal es,132930:32:3437:4344 gregter risk of death in
femaes® or daidticaly significant lower mortality
arnong fanal eS.31'36'38’4l’42'44

SOURCES OF VARIATION THAT AFFECT
COMPARABILITY OF RESULTS

Selection criteria vary from one study to another. The
population basis can change how the findings are
viewed.® The upper age limit is one of the crucia
factors for the assessment of population differences
between sexes; however, the inclusion of incident cases
or incident cases plus recurrent ones, non-Q wave AMI
or patients with unstable angina in the hospital registries
can also limit comparability between them.

Many studies that have addressed the role played by
sex in AMI survival were not originally designed with
this am, such as the clinica trials or AMI registries
which included non-consecutive patients. 1119202532

There are a large number of follow-up times used to
establish mortality: at 28 days at the population scale or
in hospitalized patients, at 28 days among 24-h
survivors, and prehospital mortality or mortality at 24 h,
are al examples of the variability that can be found in
the literature, together with other less precise ones, such
asthe period of hospitalization.

Another source of variation and uncertainty is related
to some studies which excluded patients who died in the
emergency ward. This bias is particularly important,
since most deaths occur in thefirst 24 h.

Tables 1 and 2 include the adjusted RR or odds ratio
(OR). However, there is great heterogeneity in the
number and type of variables included in this
adjustment. Apart from age, which is clearly a
confounding factor related both to mortality and sex,
other variables related to previous risk in each patient
also require adjustment in order to take into account
their capacity to respond to the disease. Furthermore,
the revascularization procedures used soon after
symptom onset can radically change prognosis and
should aso be included in the models. Finaly, to
determine if the higher risk in females is attributable to
greater severity, models can be included with variables
such as cardiogenic shock, pulmonary edema or
serious ventricular arrhythmias that could help to
evaluate this situation of increased serious risk.
Unfortunately, the multivariate analyses carried out in
many of the studies listed in Tables 1 and 2 consist in
step-by-step logistical regressions only. This fact
hinders the comparability of results.

270 Rev Esp Cardiol. 2006;59(3):264-74

POSSIBLE EXPLANATIONS OF WORSE
SHORT-TERM PROGNOSIS IN FEMALES
AFTER A FIRST MYOCARDIAL INFARCTION

Killip class measures the presence and severity of left
ventricular dysfunction and is one of the most powerful
predictors of mortdity after an AMI.>* Females who
present this have a more frequent background of heart
failure than males and usually receive more diuretic and
inotropic medication.® However, overall, females receive
less treatment than maes (see below).®** Diagtolic
function during myocardid ischemia is probably related
to the greater frequency of Killip class I11-1V found in
femaes in the acute phase of AMI. However, this is not
necessarily accompanied by a worse gection fraction (in
fact, the opposite has been observed) or by more extensive
necrotic lesions than in maes®®% As mentioned,
females present worse Killip class than males during
the acute phase of AMI.13%5%° Regardless of age at
presentation, females devel op more serious complications
than males in terms of heart failure and reinfarction, even
when ventricular function is smilar a admission. This
could indicate that there is a smaller cardiac reserve in
femaes leading to worse diastolic function?® These
possible differences between sexes regarding diastolic
function probably require in-depth study.

Surprisingly, females aso seem to develop mitra
regurgitation more frequently, septal rupture, free-wall
rupture, ventricular aneurysms, asystole and advanced
atrioventricular block than males after AMI,*43%° but
lessfibrillation or ventricular tachycardia.*

The possihbility that femaes have smaller cdiber
coronary arteries, fewer collatera vessels or longer-
lasting ischemia have also been suggested as explaining
these differences. 22528

Some theories are based on physiopathology. These
include the existence of hypercoagulability states® and
coronary arteriadl spasm,5! which are mechanisms
described in young females that could explain greater
mortality after AMI compared to males, both in the
short- and long-term; such differences were not found
when ages were >75.5263

A possible genetic mechanism has aso been
described, whereby females would be more susceptible
to presenting ischemic events compared to males when
thereisafamily history of ischemic heart disease.®

PRESENTATION OF INFARCTION SYMPTOMS
IN FEMALES

Some studies have shown that females present silent
heart attacks more frequently than males after 55 years
of age,2* which could be easily explained by the greater
prevalence of diabetes among AMI patients. This would
also explain the fact that females present signs of serious
heart failure as a first symptom of AMI more frequently
than males 3162 |t seems that females not only present
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more moderate symptoms of AMI, but more frequently
develop atypica symptoms, such as abdomina
discomfort and dyspnea® Between 13 and 25% of
myocardial ischemic episodes lack symptoms due to the
presence of diabetes and older age.®

DELAYED HOSPITALIZATION

On average, hospital admissions are delayed by 1 h
compared to males, probably due to the atypica
symptoms.>®=® This factor, together with those described
above and older age, would explain the lower use of
thrombolysis, and, partly, the worse short-term
prognos' S 14,25,28,29,52

USE OF DIAGNOSTIC AND THERAPEUTIC
PROCEDURES

Females also receive less aggressive drug treatment,
with less aspirin, beta-blockers (both in the acute phase
and at discharge) and angiotensin-converting enzyme
inhibitors.%%8% Such differences are probably explained
by older age, comorbidity and Killip class at admission.
Furthermore, femaes wundergo fewer diagnostic
procedures (coronary angiography) and therapeutic ones
(such as coronary artery bypass graft surgery and
angioplasty) and these are done later than in males, even
after adjusting for age and AMI location.1t122554%5 |n
some studies it seems that the percentage of coronary
angiographies and percutaneous interventions is lower
among femades, but this difference disappears after
adjusting for comorbidity and age,*®® and only persistsin
cases where the indications are more uncertain> A
recent substudy in patients with non-ST elevation acute
coronary syndrome highlights the underuse of
angiography in females, especialy in high-risk groups,
as well as a short-term increase in refractory angina and
readmissions due to angina.® If it is taken into account
that females with AMI present more serious symptoms
than males, it is reasonable to assume that even the
absence of differences in the use of diagnostic
procedures and invasive treatments can be interpreted as
their underuse in patients who would benefit from a
more aggressive approach.® In the countries with a low
incidence there are no observed differences in the use of
these procedures. >4

Given the difficulties encountered when comparing the
results of published studies, it seems advisable to find a
way to analyze and present standardized results, which
could congist of including consecutive cases of Q-wave
AMI admitted to hospitd (not only those with a coronary
care unit). Neither isit necessary to impose age limits, but
it is advisable to carry out subanayses in the 25- to 74-
year-old subgroup. Standard follow-up a 28 to 30 days
and adjusting for risk of death in females by age, diabetes,
hypertension, and smoking are equally recommended to
facilitate comparability between studies.
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Overdl, mortdity dueto CVD islower in femaes up to
84 years old, and population mortality dueto AMI isfrom
two to seven times less than in 25- to 64-year-old males.
This advantage is lost once a firss AMI has occurred:
mortality at 28 days in females tends to be around 20%
greater when adjusted for age, especialy among those
from areas with a low incidence of this disease. In
hospitalized patients, mortality is grester in femaes, but
exclusively among patients with afirst Q-wave AMI: this
difference has not been found in Spain for the remaining
acute coronary syndromes® There is a perceved
difference in the distribution of deaths between maes and
femaes during the 28 days from symptom onset that
indicates different death mechanisms. ventricular
fibrillation in males and ventricular failurein females. The
treatments used are proportionaly less aggressive in
femaes. All this indicates that a change of attitude is
needed in al health contexts so thet it is possible to more
promptly identify females who have begun to show
symptoms of an acute coronary syndrome in order to
accelerate diagnosis and increase the use of diagnostic and
therapeutic procedures, such that they are proportiond to
the severity of the picture presented.®
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