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ABSTRACT

Background
In Latin America, little is known about dissimilarities between men and women with acute
coronary syndromes. We hypothesized that there are differences in acute myocardial inf-
arction between both sexes.

Objectives
To compare the clinical characteristics and short-term and long-term prognosis in women
(group I) and men (group II) with acute myocardial infarction (AMI).

Material and Methods
Between January 2001 and December 2004, 536 patients with AMI within 24 hours since
the onset of symptoms were prospectively and consecutively admitted. One hundred and
forty four (26.9%) were women (group I).

Results
Median age was greater in group I (66 [interquartile range 25-75: 56-75] versus 60
[interquartile range 25-75: 52-68] years; p<0.001). The incidence of smoking habits (25%
versus 46.7%; p<0.001) as well as of prior myocardial infarction (18.1% versus 25.3%;
p=0.008) was lower among women; however, chronic stable angina was more frequent than
in men (20.8% versus 12%; p=0.01). Heart rate and BUN were greater at admission (80
versus 76 bpm; p=0.01, and 0.48 versus 0.36 g/L; p=0.003, respectively) but ejection frac-
tion was similar between both groups (50% versus 51%; p=0.27). In-hospital outcomes [death
(9.7% versus 4.8%; p=0.037), refractory angina (9.7% versus 4.2%; p=0.039) and acute
pulmonary edema (12.5% versus 5.4%; p=0.005)] were worse in women than in men. In
both groups, reperfusion strategies were similar: thrombolytic therapy (21.4% versus 20.3%;
p=ns) and primary angioplasty (18.1% versus 21.8%; p=ns). Survival rates at 54 months
were 77% versus 85% in groups I and II, respectively (log rank test: p=0,032). Univariate
analysis showed that sex was a significant variable (OR=1.71; p=0.035). Cox proportional
hazards model found the following significant variables for mortality: age (HR=1.033;
p=0.006), as well as BUN (HR=4.275; p<0.001), heart rate (HR=1.018; p=0.004) and
Killip classification (HR=2.771; p=0.01) at admission.

Conclusions
Women admitted for AMI have different short-term and long-term risk profiles than men;
however, they are treated in a similar fashion. After adjusting for other variables, sex did
not emerge as an independent predictor of risk at follow-up.
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BACKGROUND

Despite progress in therapeutic options achieved in
the last decades, prognosis of patients who have sur-
vived to the acute phase of coronary artery disease

depends on several factors, such as age, congestive
heart failure, ventricular function and gender, among
others. (1)

Previous studies have reported greater mortality
rates in women, probably attributed to the fact that
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they are older and present more comorbidities, (2-4)
and to differences in the pathogenesis of coronary
artery disease, in the response to therapy and in the
possibility to undergo procedures and interventions
such as coronary arteriography, angioplasty and coro-
nary artery bypass graft surgery which might have
an influence on prognosis. (5, 6) However, as new rec-
ommendations, such as chest pain units, primary
angioplasty, antithrombotic agents and statins have
been introduced and put into practice, it is possible
that this tendency will change as more women may
undergo interventional procedures. (7-9) In Latin
America, little is known about dissimilarities between
men and women with acute coronary syndromes. We
hypothesized that there are differences in acute myo-
cardial infarction (AMI) between both genders. The
aim of this study was to compare the clinical charac-
teristics and short-term and long-term prognosis in
women and men with acute myocardial infarction.

MATERIAL AND METHODS

Population
This observational and prospective study enrolled 536 con-
secutive patients, admitted to the intensive care coronary
unit in the Instituto de Cardiología de Corrientes between
January 2001 and December 2004, with a diagnosis of acute
myocardial infarction within 24 hours after onset of symp-
toms.

Inclusion Criteria
We included patients with acute myocardial infarction, de-
fined by two out of three criteria: 1) typical angina at rest
lasting for at least 20 minutes, 2) rise in CK-MB above the
reference limit, and 3) development of new Q waves.

Exclusion Criteria
Patients admitted 24 hours after the onset of symptoms,
cardiogenic shock, unstable angina, suspected myocarditis,
pulmonary thromboembolism, congenital heart defects, di-
lated cardiomyopathy, valvular heart disease, pericardial
disease and problems in maintaining follow-up were rea-
sons for exclusion from the study.

Study Protocol
The study protocol was approved by the Teaching and Re-
search Committee of our institution: patients were informed
of their inclusion in the project and signed the informed
consent form. All patients were admitted in the Coronary
Care Unit and complete clinical history with physical ex-
amination was taken. The following tests were performed:
12-lead electrocardiogram at admission and 2 hours after
the reperfusion strategy used in patients with ST segment
elevation; chest X-ray at admission; determination of total
CK and CK-MB levels at admission, at two hours after ad-
mission or after reperfusion strategy, at 6, 12, 24 hours and
every 24 hours thereafter until achieving normal levels;
determination of Troponin T (biomarker of myocardial ne-
crosis) using the electrochemiluminiscence immunoassay
(Roche Diagnostics, Elecsys 2010 automatic analyzer) at ad-
mission; BUN and serum creatinine levels.

Mortality: all-cause mortality was recorded at the end
of follow-up.

Follow-up and Endpoints
Patients were followed-up 6 months after the inclusion of
the last patient. Assessment of patients was performed in
our institution either in the out-patient clinic of coronary
artery disease(82%) or by their cardiologists (13%); the re-
maining 5% of patients were either followed-up by a family
doctor in other medical centers or were contacted by phone.
Mean follow-up was 42 ± 9 months.

In-Hospital Management
Most patients received 100-325 mg/d of oral aspirin after
admission. Three hundred and twenty two patients pre-
sented ST-segment elevation AMI and 112 non-ST-segment
elevation AMI; 212 of them were hospitalized within 12
hours from onset of symptoms. Patients admitted within 12
hours of symptoms onset and ST-segment elevation under-
went primary angioplasty or thrombolitic therapy. Nitro-
glycerin was administrated intravenously to 95% of patients
and beta blockers and angiotensin-converting enzyme in-
hibitors were prescribed to all patients in absence of con-
traindications. Coronary angiography was performed to 63%
of patients with non-ST-segment elevation; 51% of them
underwent angioplasty.

Statistical Analysis
Patients were divided into two groups: group I (women) and
group II (men). Patients characteristics were compared us-
ing the chi square test for qualitative variables and the re-
sults were expressed as percentages. Quantitative variables
were reported as median with its corresponding interquartile
interval (25-75) and were analyzed with Mann-Whitney’s
test. Receiver-operator characteristic (ROC) curves were
constructed to determine the optimal cut-off point of BUN
to predict mortality during follow-up (BUN value ³ 0,55 g/
L). Two Cox proportional models were constructed in order
to identify independent predictors of mortality during fol-
low-up Both models included the following variables: gen-
der, age, chronic stable angina, crackles, hematocrit, BUN,
systolic blood pressure, heart rate, Killip class (model I) and
a cut-off point of BUN ≥ 0,55 g/L as a qualitative variable
(model II). A p value < 0.05 was considered statistically sig-
nificant. Survival curves were constructed using the Kaplan-
Meier method and compared with the log-rank test. Data
was analyzed using software SPSS 10.0 for Windows (SPSS
Inc., Chicago, Illinois, USA).

RESULTS

Patients Characteristics
Population data are described in Table I. One hun-
dred and forty four (26.9%) participants were women
(group I). Median age was greater in group I. Smok-
ing habits and prior myocardial infarction were less
frequent in women; however, history of chronic sta-
ble angina was more prevalent than in men.

Patients in group I had higher heart rate and
greater levels of creatinine and BUN, and similar mean
values of Troponin T, maximal CK-MB and ejection
fraction at admission; however, there was a trend to-
wards greater time from onset of symptoms to
reperfusion in women (Table 2).

In-hospital mortality and adverse outcomes were
greater in women (Table 3).
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Treatment
In this series of patients included within 24 hours
after onset of symptoms, the use of reperfusion strat-
egies was similar between both groups; thrombolysis
(21.4% versus 20.3%; p = ns), primary angioplasty
(18.1% versus 21.8%; p = ns), and early revas-
cularization surgery (3.1% versus 2.9%; p = ns). In-
terventional strategy with angioplasty was similar
among patients with non-ST-segment elevation (51.8%
versus 50.9%; p = ns).

No significant differences were observed in the use
of ACEIs-ARAs (89% versus 88.7%; p = ns), aspirin
(95.2% versus 94.3%; p = ns), clopidogrel (23.5 ver-
sus 24.2; p = ns) and statins (62% versus 65%; p =
ns). Patients in group I showed a trend towards a

greater use of furosemide (29.2% versus 21,4%; p =
0.04) and lower administration of beta blockers (65.6%
versus 72.8%; p = 0.04).

Predictors of Mortality and Survival Analysis
In women, in-hospital mortality rates, as well as com-
plications during hospitalization, such as refractory
angina, acute pulmonary edema and atrial fibrillation
were almost than double those in men (Table 3).

Age (HR = 1.033, 95% CI 1.010-1.058; p = 0.006),
heart rate (HR = 1.018, 95% CI 1.006-1.031), BUN
(HR = 4.275, 95% CI 1.006-1.031) and Killip classifi-
cation (HR = 2.771; 95% CI 1.276-6.016) at admis-
sion were identified as independent predictors of mor-
tality during follow-up (Table 4). Patients with BUN

Variable Women (group I) Men (group II) p

Patients, n (%) 144 (26.9) 392 (73.1) -

Age, years [median ( IQR 25-75)] 66 (56.25-75) 60 (52-68.75) 0.001

Chronic stable angina (%) 30 (20.8) 47 (12) 0.01

Hypertension (%) 48 (33.3) 108 (27.6) 0.19

Dyslipemia (%) 54 (37.5) 155 (39.5) 0.42

Obesity (%) 31 (21.5) 79 (20.3) 0.81

Diabetes (%) 39 (27.1) 84 (21.4) 0.16

Smoking habbits (%) 36 (25) 183 (46.7) < 0.001

Previous myocardial infarction (%) 26  (18.1) 99 (25.3) 0.008

IQR: interquartile range 25-75.

Table 1. Demographic charac-
teristics in men and women

Variable Women (group I) Men (group II) p
[median (IQR 25-75)] [median (IQR 25-75)] 95% CI

SBP (mm Hg) 120 (16.5) 128 (110-145) 0.02

Heart rate (bpm) 80 (68.5-95.75) 76 (70-89) 0.02

BUN, g/L 0.48 (0.40-0.68) 0.36 (0.29-0.50) 0.003

Creatinine, mg/dl 1.11 (0.78-.37) 1.02 (0.85-1.29) 0.02

Hematocrit, % 40 (37-42) 42 (13-15) 0.31

cTnT at admission, ng/dl 0.50 (0.24-1.23) 0.45 (0.25-0.80) 0.68

CPK-MB, UI/L 82 (49-163) 85 (54-214) 0.10

Ejection fraction, n (%) 50 (46-55) 51 (45-54) 0.27

Time to reperfusion, min 420 (360-460) 300 (240-340) 0.04

SBP: Systolic blood pressure. cTnT: cardiac Troponin T IQR: interquartile range 25-75.

Table 2. Vital signs and lab
tests in groups I and II

Variable Women (group I) Men (group II) p

95% CI

Muerte hospitalaria, % 9.7 4.8 0.037

Angina refractaria, % 9.7 4.2 0.039

Edema agudo de pulmón, % 12.5 5.4 0.005

Fibrilación auricular, % 7.6 3.6 0.04

Table 3. In-hospital events in
both groups
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of 0.55 g/L or greater had a 6-fold increase in the risk of
mortality (OR = 6.197, 1.007-1.050) (Table 5, model 2).

Survival at 48 ± 10 months was lower in women
(77% versus 85%, long rank test: p = 0.032) (Figure
1). Complete follow-up was achieved in 97.5% of pa-
tients.

DISCUSSION

According to the results of this observational study,
performed on an unselected population of patients
with acute myocardial infarction presenting within 24
hours after symptoms onset, women had different risk
profiles than men. Gender did not emerge as an inde-
pendent predictor of risk.

Risk Factors and Prognosis in Women with
Myocardial Infarction
It is well known that in women with myocardial inf-
arction, risk factors differ from those reported in men;
the prevalence of diabetes and hypertension is greater
and smoking habits are less frequent. (10) In this
study, basal characteristics differ in women and men:
while women were older and presented greater preva-
lence of chronic stable angina, smoking habits and
history of previous myocardial infarction was more
frequent in men. These findings are consistent with
those of several studies previously published (11-13)

Table 4. Modelo proporcional
de Cox (I)

Table 5. Cox proportional
model (II)

Female gender (OR = 1.71; p = 0.035, 95% CI 1.039-2.839)

Variabl OR 95% CI p

Gender (F/M) 1.214 0.82-1.62 ns

Age, years 1.033 1.010-1.058 0.006

BUN, mg/dl 4.275 1.006-1.031 < 0.001

Heart rate (bpm) 1.018 1.006-1.031 0.004

Maximal Killip class < 0.001

B 2.771 1.276-6.016 0.010

C 2.738 1.136-6.596 0.025

D 28.441 14.261-56.719 < 0.001

Variable OR 95% CI p

Gender (F/M) 1.214 0.82-1.62 ns

Age, years 1.028 1.007-1.050 0.010

BUN ≥ 55 g/L (Yes/No) 6.197 3.415-11.243 < 0.001

Heart rate (bpm) 1.017 1.004-1.030 0.011

Maximal Killip class < 0.001

B 2.586 1.183-5.655  0.017

C 3.535 1.619-7.719 0.002

D 30.178 14.680-62.039 < 0.001

that reported worse in-hospital outcomes in women
related to the presence of more comorbidities, older
age and longer time intervals from symptoms onset
to medical consultation, among others. (14) Women

Fig. 1. Survival in both groups.
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in the present study were older than men and there
was a trend towards a greater time delay to reperfusion;
however, use of reperfusion techniques was similar.
In this sense, time delay from onset of symptoms to
reperfusion (mean time 5.5 hours) was greater in
women than in men (420 versus 300 min). Although
this difference was not statistically significant, this
information should be taken into account in terms of
epidemiology. In this way, the general population and
especially women with myocardial infarction should
be encouraged to seek medical help early (within 3
hours after onset of symptoms), as early intervention
is essential to preserve ventricular function.(14) In
fact, mean time to consultation is almost the double,
especially in women. (15, 16)

Interestingly, the use of reperfusion strategies was
similar in both groups. This finding differs from other
series that reported that women were less likely to
undergo invasive and reperfusion therapies. (16-18)
Therefore, and in spite of the use of similar treat-
ments, many of the differences seen between men and
women with myocardial infarction may be partially
explained by gender differences. (19) In this way, some
conditions that are only present in women explain the
physiopathological differences with men, for example
early menopause, Raynaud’s phenomenon, migraine,
vasoespastic disorders and vasculitis. Hormones may
also play a key role in vascular physiopathology:
women are used to experience significant fluctuations
in hormone levels such as reduction in estrogen con-
centrations during premenopause with changes in the
balance between estrogens and androgens. Estradiol
is the predominant estrogen before menopause; there-
after, estrogens are the result of the conversion from
androgens in the adipose tissue. (19, 20) In addition,
estrogens may have a protective role on vulnerable
plaques preventing the progression of atherosclerotic
lesions. Rupture and subsequent thrombosis of less
severe plaques may prevent the development of
ischemic preconditioning and collateral circulation,
worsening the prognosis of myocardial infarction.
Gender-related differences in ACS may be associated
with variations in thrombolytic and fibrinolytic ac-
tivity. Heart failure is more frequent in women prob-
ably due to diastolic dysfunction. (21)

However, despite these differences due to bio-
logical factors the impact of this bias is important.
Compared to previous studies, our series failed to
show significant differences in the use of reperfu-
sion strategies in women, and multivariate analy-
sis demonstrated that female gender was not an
independent variable. Using a simulation model of
similar use of angioplasty in men and women, as
Milcent et al. have established, the difference in
mortality reduces in one third. (20)The results ob-
tained in the present series support the hypothesis
that greater mortality rates in women are associ-
ated with bias phenomena and not with strict bio-
logical differences; in addition, women mortality

rates decreased when they were adjusted by age.
These findings allow us to ask ourselves whether
the presence of biological differences between men
and women are real and, if so, do women have worse
outcomes than men? In fact, myocardial infarction
in women occurs 10 years later with an incidence of
one woman out of four men. (20)

Predictors of Mortality
Most studies agree that female gender increases the
risk of death in acute myocardial infarction. Indeed,
the present study reported a 1.7-fold increase in mor-
tality risk in women ; (3, 6, 9, 10, 20) however when
the analysis for confounders such as age was per-
formed, this difference was no longer statistically sig-
nificant. Most of the series that included patients with
ST-segment- elevation acute myocardial infarction
demonstrated increase in short-term and long-term
mortality. (3, 11, 20, 22) Myocardial infarction is ex-
tremely rare in young women; however, its presence
was underestimated in the Framingham study. (23)
Women present not only greater mortality risk , but
also more complications during hospitalization and
are less likely to undergo reperfusion interventions;
however, the independent relationship between gen-
der and adverse outcomes is controversial despite
these therapies are underused. (24-27)Previous series
have reported that the use of less aggressive thera-
pies in women is responsible for high mortality rates;
(28-30) nevertheless, in the present study the percent-
age of reperfusion therapies with thrombolytic agents
or percutaneous coronary interventions in men and
women was similar, and excess mortality remains
unclear. This difference may be explained by the pres-
ence of small and tortuous coronary vessels and by
other biological differences that may reflect physi-
opathological and anatomical differences between men
and women. (19)

Age was a strong predictor of mortality in the
present study: for each increase in age by one year,
the mortality rate increased 1.033 times. This find-
ing coincides with the results of international trials
and registries. (31)This is an interesting piece of in-
formation that points out that high mortality rates in
women are more related with age than with the gen-
der itself.

BUN at admission was another important marker
of prognosis. A cut-off point greater than 0.55 g/L was
associated with a 4 to 6-fold increase in mortality risk,
reflecting more severe patients with greater
comorbidities. The role of renal function has recently
become important in patients with ACS. (32)The VAL-
IANT study reported that, in patients with myocar-
dial infarction, glomerular filtration rates lower than
81ml/min are associated with an increase in adverse
outcomes, even after adjustment for different vari-
ables. (33) Our study supports to perform a precise
assessment of the presence of renal failure, as mild
stages of renal impairment with normal creatinine
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level and a glomerular filtration rate of about 60 ml/
min have a negative impact in the prognosis of pa-
tients with ACS. (32)

Heart rate at admission was also a marker of prog-
nosis, with a risk increase of 1% for each increase in
heart rate by 1 beat per minute. These findings are
similar to previous reports. (34)

According to previous studies, Killip class was also
associated with worse short-term and long-term out-
comes. Thus, Killip class B or C increased the risk 2.7
times, while Killip class D produced a 28-fold increase.
(35) In patients with severe heart failure mortality
rates are greater due to its association with comor-
bidities. A previous study reported that in-hospital
mortality was 6 times greater in patients with heart
failure and survival at 10 years was only 10% com-
pared to 30% in the group without heart failure. (35)

Survival
Survival curves show that female gender has worse
outcomes. It should be noted that both curves have
already separated at the first month and this differ-
ence continued until the end of follow-up.

Study Limitations
Despite this study shows data of the “real world”, this
registry of acute myocardial infarction within 24 hours
after symptoms onset includes different reperfusion
strategies that might have some influence on long-
term outcomes. Another limitation is the small size
of the sample and population heterogeneity.

Clinical implications
This study confirms the presence of gender differences
in acute coronary syndromes; it clearly identifies a
group of patients with worse in-hospital outcomes and
lower 4-year survival, and these differences are more
related to clinical characteristics than to gender in
itself, as female gender was not an independent pre-
dictor.

The clinical usefulness of these findings contrib-
utes to describe outcomes of patients with acute myo-
cardial infarction associated with gender differences;
in addition, it emphasizes the necessity to improve
time delay after symptoms onset to medical consulta-
tion, to develop a line of research on physiopathologi-
cal characteristics and work groups focused on study-
ing these population. (21, 31-42)

CONCLUSIONS

Women admitted for acute myocardial infarction have
different short-term and long-term risk profiles than
men; however, they are treated in a similar fashion.
After adjusting for other variables, sex did not emerge
as an independent predictor of risk at follow-up.

RESUMEN

Infarto agudo de miocardio en mujeres:
características clínicas y evolución a corto y a largo
plazo

Introducción
En América latina se conoce poco acerca de las diferencias
entre varones y mujeres con síndrome coronario agudo. La
hipótesis del presente trabajo es que el sexo presenta dife-
rente riesgo cardiovascular en el infarto agudo de miocardio.

Objetivos
Comparar características clínicas y pronóstico a corto y a
largo plazo en mujeres (grupo I) y en varones (grupo II) con
infarto agudo de miocardio (IAM).

Material y métodos
Desde enero de 2001 hasta diciembre de 2004 se admitieron
en forma prospectiva y consecutiva 536 pacientes con IAM
dentro de las 24 horas de evolución. De ellos, 144 (26,9%)
eran mujeres (grupo I).

Resultados
La mediana de edad del grupo I fue mayor (66 [rango
intercuartil 25-75: 56-75] versus 60 [rango intercuartil 25-
75: 52-68] años; p < 0,001). Las mujeres fumaban menos
(25% versus 46,7%; p < 0,001), tenían menos infarto previo
(18,1% versus 25,3%; p = 0,008) y más angina crónica esta-
ble (20,8% versus 12%; p = 0,01). Al ingreso, las mujeres
estaban más taquicárdicas (80 versus 76 lat/min; p = 0,01),
con mayor nivel de urea (0,48 versus 0,36 g/L; p = 0,003) y
similar Fey (50% versus 51%; p = 0,27). Tuvieron peor evo-
lución hospitalaria: muerte (9,7% versus 4,8%; p = 0,037),
angina refractaria (9,7% versus 4,2%; p = 0,039) y edema
agudo de pulmón (12,5% versus 5,4%; p = 0,005). Las estra-
tegias de reperfusión en ambos grupos fueron: trombolíticos
(21,4% versus 20,3%; p = ns) y angioplastia primaria (18,1%
versus 21,8%; p = ns). La supervivencia a los 54 meses fue
del 77% versus el 85% en los grupos I y II, respectivamente
(log rank test: p = 0,032). El sexo fue una variable significa-
tiva en el análisis univariado (OR = 1,71; p = 0,035). En el
modelo proporcional de Cox, las variables significativas de
mortalidad fueron edad (HR = 1,033; p = 0,006) y, al ingre-
so, urea (HR = 4,275; p < 0,001), frecuencia cardíaca (HR
= 1,018; p = 0,004) y Killip (HR = 2,771; p = 0,01).

Conclusiones
Las mujeres admitidas por IAM tienen un perfil de riesgo
diferente que los varones, tanto a corto plazo como a largo
plazo, a pesar de que son tratadas en forma similar. El sexo
no fue un predictor de riesgo independiente en el seguimien-
to luego de ajustar con otras variables.

Palabras clave > Infarto de miocardio - Sexo - Mortalidad
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