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Background-—Cardiovascular disease is the most common cause of death for both genders. Debates are ongoing as to whether
gender-specific differences in clinical course, diagnosis, and management of acute myocardial infarction (MI) exist.

Methods and Results-—We compared all men and women who were treated for acute MI at cardiac care units in V€astra G€otaland,
Sweden, between January 1995 and October 2014 by obtaining data from the prospective SWEDEHEART (Swedish Web-System for
Enhancement of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies) registry. We performed
unadjusted and adjusted Cox proportional hazards and logistic regression analyses on complete case data and on imputed data
sets. Overall, 48 118 patients (35.4% women) were diagnosed with acute MI. Women as a group had better age-adjusted prognosis
than men, but this survival benefit was absent for younger women (aged <60 years) and for women with ST-segment elevation MI.
Compared with men, younger women and women with ST-segment elevation MI were more likely to develop prehospital
cardiogenic shock (adjusted odds ratio 1.67, 95% CI 1.30 to 2.16, P<0.001 and adjusted odds ratio 1.31, 95% CI 1.16 to 1.48,
P<0.001) and were less likely to be prescribed evidence-based treatment at discharge (P<0.001 for b-blockers, angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, statins, and P2Y12 antagonists). Differences in treatment between
the genders did not decrease over the study period (P>0.1 for all treatments).

Conclusions-—Women on average have better adjusted prognosis than men after acute MI; however, younger women and women
with ST-segment elevation MI have disproportionately poor prognosis and are less likely to be prescribed evidence-based
treatment. ( J Am Heart Assoc. 2015;4:e001995 doi: 10.1161/JAHA.115.001995)
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C ardiovascular disease is the most common cause of
death for both genders in industrialized countries.

Women have an apparent biological protection from coronary

artery disease, which translates to a decades-long delay of the
onset of clinical cardiovascular disease.1

Short- and long-term mortality after an acute myocardial
infarction (AMI) has decreased over past decades world-
wide, but some reports imply less effective reduction in
women.2–6 Debates are ongoing as to whether sex-specific
differences exist in clinical course, diagnosis, and manage-
ment of ischemic heart disease and the extent to which
these differences can be alleviated by changes in clinical
praxis.7–11

Sweden has national medical and health care quality
registries that contain individualized data concerning diagno-
ses, interventions, and outcomes. This resource allows data to
be obtained about a variety of risk factors, including
traditional cardiovascular risk factors, for each patient treated
at a Swedish hospital.12,13

From the Department of Cardiology, Sahlgrenska University Hospital, Gothen-
burg, Sweden (B.R., O.A., T.R., P.P., I.H., C.D., J.O., D.I., A.R.-F., P.W., H.S., P.A.,
E.O.); Department of Cardiology, S€odra €Alvsborgs Sjukhus, Bor�as, Sweden
(H.T.); Department of Cardiology, Skaraborg Hospital, Sk€ovde, Sweden (E.F.);
Department of Cardiology, Allings�as Hospital, Allings�as, Sweden (R.R.);
Department of Cardiology, Hacettepe University Hospital, Ankara, Turkey (L.T.).

Correspondence to: Bj€orn Redfors, MD, PhD, Bruna Str�aket 16, 413 45
Gothenburg, Sweden. E-mail: bjorn.redfors@wlab.gu.se

Received April 15, 2015; accepted May 15, 2015.

ª 2015 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley Blackwell. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.115.001995 Journal of the American Heart Association 1

ORIGINAL RESEARCH

info:doi/10.1161/JAHA.115.001995
http://creativecommons.org/licenses/by-nc/4.0/


We compared mortality, risk of complications, and likeli-
hood of receiving evidence-based treatment for men and
women who suffered an AMI between 1995 and 2014 in
V€astra G€otaland County in Sweden.

Methods
We compared men and women who were treated for AMI in
V€astra G€otaland County in western Sweden between January
1995 and October 2014. Data were obtained from the
SWEDEHEART (Swedish Web-System for Enhancement of
Evidence-Based Care in Heart Disease Evaluated According to
Recommended Therapies) registry about ST-segment eleva-
tion myocardial infarction (STEMI) and non-STEMI (NSTEMI) in
V€astra G€otaland County, Sweden. The switch from thrombol-
ysis to primary percutaneous coronary intervention (PCI) as
the preferred reperfusion strategy within the region took place
during 2004. By 2005, PCI was established as the primary
strategy.

The RIKS-HIA Registry
RIKS-HIA (Registry of Information and Knowledge About
Swedish Heart Intensive Care Admissions) is a component
of the nationwide SWEDEHEART registry. RIKS-HIA contains a
list of variables for all patients who are treated for acute
coronary syndromes at cardiac care units in Sweden. The
patients are informed about the registration of data as part of
the everyday clinical routine. According to Swedish law, no
additional informed consent is needed. All data in RIKS-HIA
are prospectively entered into the registry by the treating
physicians and/or nurses. Patients were diagnosed with non–
ST-segment elevation or ST-segment elevation AMI if they
fulfilled the criteria for the respective diagnosis at the end of
their hospitalization.14,15 RIKS-HIA gathers >100 variables
with information about patient demographics, risk factors,
past medical history, medical treatment before admission, in-
hospital treatment and interventions, and treatment at
discharge.16 Long-term survival data were obtained by
merging the RIKS-HIA databases with the national Cause of
Death Register based on each patient’s unique 10-digit
personal identification number.16

End Point
The primary end point of the study was all-cause mortality. We
also studied the likelihood of patients receiving the recom-
mended treatment, the risk of suffering prehospital cardiac
arrest or arriving at the hospital in cardiogenic shock, and the
risk of developing in-hospital heart failure. Patients were
considered to have suffered from diabetes, hypertension,

hyperlipidemia, previous myocardial infarction (MI), previous
PCI, previous stroke, cardiogenic shock, or heart failure if they
had been diagnosed with the respective International Classi-
fication of Diseases codes (including subcategories).13

Statistics
Continuous variables were presented as mean�SD, and
categorical variables were reported as frequencies. Normal
distribution of variables was assessed by inspecting the
distribution of values on histograms and by the Shapiro–Wilk
test. Differences between the genders in continuous variables
were tested with the Student t test. Differences in categorical
variables were tested by the chi-square test.

Matching

For the purpose of removing the influence of age on
unadjusted survival and hazard estimates, we randomly
matched male and female patients 1:1 by age. The matched
data set was used solely for comparisons of these estimates.
In all other analyses, the full data set was used.

Imputation protocol

Missing data and observations in the database were imputed
using multiple imputation with the chain-equation method17

for 20 data sets. This approach was applied to each of the
variables listed in Table 1, together with calendar year,
hospital, indicator of missingness, and an event indicator.18

Continuous variables were imputed by ordinary least squares
multiple regression, whereas binary variables were imputed
using logistic regression, categorical variables were imputed
by multinomial logistic regression, and ordered categorical
variables were imputed by ordinal logistic regression. The
imputation procedure and subsequent analyses were per-
formed according to Rubin’s protocol19 under the assumption
that missing data were missing at random.

Statistical models

Men and women were compared using Cox proportional
hazards regression or logistic or multiple linear regression.
The analyses were performed on patients with complete data
and used the multiple imputation method. Differences in
patient characteristics were accounted for by adjusting for
covariates or by propensity scores.20 Multilevel models
accounting for clustering of patients within different hospitals
were fitted and compared to single-level models (Table 2).

Primary model

A Cox proportional hazards model adjusted for age, smoking
habits, hypertension, diabetes, hyperlipidemia, previous MI,
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previous cardiac surgery, previous PCI, STEMI, and calendar
year fitted on imputed data was predefined as the primary
model. These covariates were entered into the model as a
main effect only. When we referred to adjusted risk in this
paper, we referred to the above risk factor–adjusted risk ratio
between women and men.

Propensity scores

In addition to the primary analysis with traditional multivar-
iable modeling, we used propensity scores in secondary
analyses to adjust for differences in patient characteristics

and treatment.20 To generate the propensity scores for each
patient, logistic regression was used to calculate the likeli-
hood of belonging to the respective gender. The covariates
used were the same as those in multivariable logistic
regression with the addition of body mass index; prehospital
cardiac arrest; prehospital cardiogenic shock; in-hospital
heart failure; whether the patient received revascularization
treatment; and whether the patient was discharged with
b-blocker, aspirin, angiotensin-converting enzyme (ACE) inhib-
itor or angiotensin receptor blocker (ARB), antiplatelet
therapy, oral anticoagulant, and/or statin. The calculated

Table 1. Patient Characteristics and Treatment

Variable
Men
n=31 050

Women
n=17 068

Missing
n (%) P Value

P Value
PS

Age, mean (SD) 68�12 75�12 — <0.001 0.946

STEMI, n (%) 11 636 (39) 5821 (35) 1452 (3) <0.001 0.923

BMI, mean (�SD) 269 (53) 263 (68) 25 313 (55) <0.001 0.930

Smoker, n (%) 6978 (24) 3162 (21) 4200 (9) <0.001 0.966

Diabetes, n (%) 5609 (18) 3614 (21) 400 (1) <0.001 0.915

Hypertension, n (%) 11 488 (38) 7982 (48) 1221 (2) <0.001 0.909

Hyperlipidemia, n (%) 3440 (14) 1754 (13) 551 (1) 0.013 0.928

Serum creatinine, mean (SD) 104 (65) 90 (52) 20 471 (43) <0.001 0.471

LV function, n (%) 17 088 8532 22 498 (47) 0.155 0.911

>50% 9843 (58) 4991 (59) n/a n/a n/a

40% to 49% 3951 (23) 1888 (22) n/a n/a n/a

30% to 39% 2025 (12) 1050 (12) n/a n/a n/a

<30% 1269 (7) 603 (7) n/a n/a n/a

Previous myocardial infarction, n (%) 6196 (20) 2890 (17) 699 (1) <0.001 0.968

Previous PCI, n (%) 1810 (6) 629 (4) 676 (1) <0.001 0.939

Previous cardiac surgery, n (%) 2422 (8) 705 (4) 462 (1) <0.001 0.988

Reperfusion, n (%) 10 878 (35) 4734 (28) 443 (1) <0.001 0.856

ASA after discharge, n (%) 25 363 (84) 13 397 (81) 1426 (3) <0.001 0.961

Other antiplatelet at discharge, n (%) 13 924 (46) 6602 (40) 1109 (2) <0.001 0.985

b-blocker at discharge, n (%) 25 917 (85) 13 591 (82) 1117 (2) <0.001 0.965

ACEI or ARB at discharge, n (%) 16 663 (55) 8498 (51) 1135 (2) <0.001 0.988

Oral anticoagulants at discharge, n (%) 2897 (10) 1262 (8) 1163 (2) <0.001 0.969

Statins at discharge, n (%) 18 907 (62) 8698 (52) 1158 (2) <0.001 0.583

IV diuretics during hospitalization, n (%) 7784 (25) 5761 (34) 516 (1) <0.001 0.161

IV inotropes during hospitalization, n (%) 1547 (5) 865 (5) 551 (1) 0.674 0.139

CPAP during hospitalization, n (%) 1756 (6) 1317 (8) 572 (1) <0.001 0.297

Prehospital cardiogenic shock, n (%) 1614 (5) 1046 (6) 1511 (3) <0.001 0.941

Prehospital cardiac arrest, n (%) 586 (2) 201 (1) 2407 (5) <0.001 0.861

In-hospital heart failure, n (%) 9388 (31) 6816 (41) 1833 (4) <0.001 0.986

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASA, acetylsalicylic acid; BMI, body mass-index; CPAP, continuous positive airway pressure; IV,
intravenous; LV, left ventricle; PCI, percutaneous coronary intervention; PS, propensity score adjusted; STEMI, ST-segment elevation myocardial infarction.
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propensity score was entered in the Cox regression model as
a continuous variable. We also compared 30-day mortality
between men and women by fitting logistic regression
models.

Secondary models

We fitted unadjusted and adjusted multivariate logistic
regression models, using both complete cases and imputed
models, to detect the difference in risk between developing
prehospital cardiac arrest or cardiogenic shock and the risk of
developing in-hospital heart failure. We also compared the
likelihood of developing major bleeding during the index
hospitalization, a variable that is available from 2005,

between women and men. The same covariates used in the
other adjusted Cox models were included. Multivariate
adjusted models fitted on imputed data were considered the
primary analysis for predicting the risk of presenting with
cardiogenic shock or of developing in-hospital heart failure. If
model fitting was inadequate, interaction terms between the
variables were included if they improved model fitting.

A multivariate logistic regression model containing the
same covariates as the multivariate Cox regression was fitted
on imputed data to detect differences between the genders in
the likelihood of receiving reperfusion treatment and
prescriptions for recommended long-term medications at
discharge.

Subgroup analyses

We performed subgroup analyses by including interaction
terms. We performed subgroup analyses in Cox proportional
hazards models to detect associations between gender and
calendar year, diabetes mellitus, smoking, age, or presence of
ST-segment elevation, respectively. Subgroup analyses, with
the same interaction terms, were also performed in the
logistic models that predicted likelihood of receiving evidence-
based treatment after AMI.

Trends over time were assessed by inclusion of a time
variable aswell as an interaction term between the time variable
and gender in the statistical models. The time variable was
included in addition to the traditional risk factors described
above and was continuous (per calendar year), categorical (per
5-year period), or binary (before or after introduction of primary
PCI as the preferred reperfusion strategy).

Postestimation diagnostics

Goodness of fit (calibration) for the models was assessed with
the Hosmer–Lemeshow test. Multicollinearity among the
variables in the model was assessed by calculation of the
variance inflation factor. Cox proportional hazards models
were tested for proportionality of hazards by visual inspection
of the log–log plots. All statistical analyses were performed
using Stata software (version 13.1; StataCorp). All tests were
2-tailed, and a P<0.05 was considered statistically significant.
Because of multiple analyses, P<0.05 was expected to occur
accidently in 1 of 20 analyses.

Results

Patient Characteristics and Treatments
During the study period, 130 667 patients were hospitalized
in 11 cardiac care units in V€astra G€otaland County. Of these,
48 118 (36.8%) were diagnosed with AMI and were included
in the analysis. Of all patients with AMI, 17 068 (35.4%) were

Table 2. Outcomes and Statistical Models

End point

Death within study period*

Prehospital cardiogenic shock

Prehospital cardiac arrest

In-hospital heart failure

Evidence-based therapies: reperfusion treatment, aspirin,
b-blockers, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker, statin, P2Y12 antagonist

Statistical models

Unadjusted models

Unadjusted Cox proportional hazards regression or unadjusted
logistic regression models

Age-adjusted models

Cox proportional hazards regression or logistic regression
adjusted for age

Risk factor–adjusted models

Cox proportional hazards regression model/logistic regression
adjusted for risk factors† age, smoking habits, hypertension,
diabetes, hyperlipidemia, previous myocardial infarction, previous
cardiac surgery, previous PCI, STEMI, and calendar year

Risk factor– and treatment-adjusted models

Propensity score–adjusted Cox proportional hazards regression
model adjusted for risk factors and treatment. Propensity
scores were calculated from the variables age; smoking
habits; hypertension; diabetes; hyperlipidemia; previous
myocardial infarction; previous cardiac surgery; previous
PCI; STEMI; calendar year; BMI; prehospital cardiac arrest;
prehospital cardiogenic shock; in-hospital heart failure;
revascularization treatment; and discharged with b-blocker,
aspirin, ACEI/ARB, antiplatelet therapy, oral anticoagulant,
and/or statin.

All statistical models were multilevel models with patient as the first-level unit and
treating hospital as the second-level unit. ACEI indicates angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; PCI, percutaneous
coronary intervention; STEMI, ST-segment elevation myocardial infarction.
*Primary end point.
†Primary model.
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women (Figure 1). Women were less likely to present with
STEMI, to smoke, and to have had a previous MI. Women were
also less likely to have undergone previous PCI or cardiac
surgery and to present with prehospital cardiac arrest.
Women were more likely to have been diagnosed with
hypertension or diabetes mellitus and to develop prehospital
cardiogenic shock or in-hospital heart failure. Women were
more likely to receive intravenous diuretics or continuous
positive airway pressure treatment during hospitalization but
were less likely to receive prescriptions for recommended
therapies at discharge (ie, aspirin, b-blockers, ACE inhibitor or
ARB, other antiplatelets, or statins) (Table 1).

Prognosis After Acute Myocardial Infarction
From 1995 to 2013, in-hospital mortality, 30-day mortality,
and 1-year mortality decreased from 3.7%, 15.9%, and 24.7%
to 1.2%, 4.9%, and 11.9%, respectively, for men and from
3.8%, 17.8%, and 26.4% to 2.3%, 9.8%, and 18.0%, respec-
tively, for women. The adjusted reduction over time in
mortality was not different between the genders (P=0.136).
Unadjusted survival estimates were worse for women as a
group than for men as a group (Figure 2A). On average,
however, women were older, and when we randomly selected
age-matched cohorts of patients, the estimated survival and
hazard was better for women than for men (Figure 2B). Our
prespecified primary analysis (ie, a risk factor–adjusted Cox
proportional hazards regression model on imputed data)
revealed that among patients diagnosed with AMI, women had
a lower risk of dying than men (Figure 3A). Because women

Figure 1. Flow chart. Patient selection and number of patients. NSTEMI indicates non–ST-segment
elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction.

(a)

(b)

Figure 2. Survival and hazard estimates. Kaplan–Meier cumu-
lative survival estimates and smoothed hazard estimates for men
and women after acute myocardial infarction. A, All patients with
acute myocardial infarction. B, Randomly selected age-matched
set of patients with acute myocardial infarction.
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were older on average, unadjusted analyses showed them to
be at increased risk of dying. We observed a trend toward
lower risk of death for women for 30-day mortality

(Figure 3B). Subgroup analyses revealed significant interac-
tions between gender and age as well as between gender and
type of MI (ie, STEMI or NSTEMI). Older women had better

A C

B D

Figure 3. Hazard ratio, risk of death. Six different statistical models were fitted to compare estimated Cox proportional hazard ratios for death
at any time during the study period (A) or death within 30 days (B) for men and women after acute myocardial infarction. We also performed
subgroup analyses by Cox proportional hazards regression models for death at any time during the study period (C) or death within 30 days (D).
Subgroup analyses were performed using models adjusted for risk factors and including interaction terms. P values refer to the interaction term
between categories and gender. #Primary model. *Adjusted for age, smoking habits, hypertension, diabetes, hyperlipidemia, previous
myocardial infarction, previous cardiac surgery, previous PCI, STEMI, and calendar year. #Variables included in propensity scores: age; smoking
habits; hypertension; diabetes; hyperlipidemia; previous myocardial infarction; previous cardiac surgery; previous PCI; STEMI and calendar-year
BMI; prehospital cardiac arrest; cardiogenic shock; in-hospital heart failure; whether the patient received revascularization treatment; and
whether the patient was discharged with b-blocker, aspirin, ACEI/ARB, antiplatelet therapy, oral anticoagulant, and/or statin. ACEI indicates
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; HR, hazard ratio; NSTEMI, non–ST-segment
elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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long- and short-term prognoses than older men, whereas
prognosis was similar for women and men in younger age
categories. Women with NSTEMI had better prognosis than
men, but prognosis was similar between the genders for
STEMI. The risk was particularly high for younger women with
STEMI (3-way interaction term among gender, age, and type of
MI; P=0.005). No interaction was found between gender and
diabetes mellitus and between gender and smoking (Fig-
ure 3C and 3D). Risk reduction after the introduction in 2005
of primary PCI as therapy of choice was similar for men and
women with regard to death within 30 days, with a nonsig-
nificant trend toward better risk reduction in men (P=0.055
for interaction term between gender and time).

Complications After Acute Myocardial Infarction
Women had higher adjusted risk to develop cardiogenic shock
and in-hospital heart failure than men (Figure 4A and 4B), but
the risk difference between the genders with regard to
developing cardiogenic shock decreased after the introduc-
tion of primary PCI as the reperfusion strategy of choice
(P=0.021 for interaction term between gender and time). In
contrast, women had lower adjusted risk of suffering prehos-
pital cardiac arrest (Figure 4C). Comparison of subgroups
revealed that estimated risk to develop prehospital cardio-
genic shock was even larger for younger women (aged

<60 years) compared with younger men (adjusted odds ratio
[OR] 1.67, 95% CI 1.30 to 2.16, P<0.001 for the interaction
term between gender and age group). We found higher risk for
cardiogenic shock (OR 1.31, 95% CI 1.16 to 1.48) in women
with STEMI but not in women with NSTEMI (OR 0.92, 95% CI
0.82 to 1.04, P<0.001 for the interaction term). The
information about time from medical contact to reperfusion
was available from 2005. Data about reperfusion times (ie,
time from ECG to arterial puncture) was missing in one-third
of the patients with STEMI. We did not find any significant
difference in time to reperfusion between men and women in
unadjusted and adjusted analyses in STEMI. The adjusted risk
of being treated for in-hospital heart failure was higher for
women than for men (Figure 4C). Women also had higher
adjusted risk of major bleeding (Figure 4D). The difference in
risk of developing major bleeding during the index hospital-
ization between women and men was similar regardless of
age category and did not change significantly over time
(P>0.05 for interaction terms).

Treatment After Acute Myocardial Infarction
After 2005, 75% of women and 88% of men with STEMI
underwent coronary angiography (P<0.001). Women with
STEMI were less likely to undergo coronary angiography than
men with STEMI in adjusted analysis that included an

A

B

C

D

Figure 4. Risk of complications. Risk of developing complications, as assessed by logistic regression models adjusted for risk factors. P values
refer to test for trend. A, Risk of developing cardiogenic shock. B, Risk of developing in hospital heart failure. C, Risk of developing prehospital
cardiac arrest. D, Risk of major bleeding. OR indicates odds ratio.
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interaction term between gender and whether or not the
patient was diagnosed with STEMI or NSTEMI (OR 0.72, 95%
CI 0.57 to 0.90, P<0.001). The difference between the
genders in the likelihood of undergoing coronary angiography
if presenting with STEMI did not change over time (P=0.62).
We did not find a significant interaction between age group
and gender for chance of undergoing coronary angiography
(P=0.15).

Overall, 85% of the men and 82% of the women (P<0.001)
were prescribed b-blockers at discharge. For aspirin, ACE
inhibitor or ARB, and statins, these numbers were 84%, 55%,
and 64%, respectively, for men and 81%, 51%, and 52%,
respectively, for women (each P<0.001). Fewer men than
women were prescribed nitrates (22% versus 25%, P<0.001).
After 2005, 78% of the men and 69% of women received a
P2Y12 antagonist (P<0.001). When we adjusted for traditional

cardiovascular risk factors, we found that women were less
likely to receive b-blockers, ACE inhibitors or ARBs, statins,
and P2Y12 receptor inhibitors. The likelihood of being
prescribed P2Y12 antagonists was also lower for women if
we included the variable major bleeding during hospitalization
in the statistical model (OR 0.84, 95% CI 0.79 to 0.90,
P=0.001). We also found that women were more likely to be
prescribed long-acting nitrates (Figure 5A). The increased
likelihood of not being prescribed evidence-based pharmaco-
logical treatment in women did not change over time
(Table 3). Major bleeding during the hospitalization was
associated with a lower likelihood of receiving antiplatelet
drugs (adjusted OR 0.34, 95% CI 0.32 to 0.35 P<0.001).

Risk factor–adjusted subgroup analysis revealed an inter-
action between gender and age in the likelihood of receiving
evidence-based treatment. Younger women were particularly

A

C

B

Figure 5. Likelihood of receiving evidence-based treatment. A, Likelihood of receiving evidence-based treatment, as assessed by logistic
regression models adjusted for risk factors. Women were compared with men. B, Subgroup analyses by inclusion of interaction terms between
gender and age category. Women were compared with men within each age category. All models were fitted on imputed data sets. C, Subgroup
analysis by inclusion terms between gender and type of myocardial infarction (ie, STEMI or NSTEMI). P values refer to interaction between age
category and gender. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSTEMI, non–ST-segment
elevation myocardial infarction; OR, odds ratio; STEMI, ST-segment elevation myocardial infarction.
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unlikely to receive b-blockers, ACE inhibitors or ARBs, aspirin,
or statins and were more likely to receive a long-acting nitrate
(Figure 5B). When we analyzed interaction among gender,
NSTEMI, and STEMI, we saw that the adjusted likelihood of
receiving reperfusion treatment, P2Y12 antagonists, b-block-
ers, and ACE inhibitors and/or ARBs was lower in women with
STEMI (Figure 5C).

Data Analysis and Postestimation Diagnostics
Most variables had missing information, but information was
missing for >5% of patients in only 7 variables, namely, body
mass index (55%), smoking status (9%), serum creatinine
levels (43%), left ventricle function (47%), and whether or not
the patient suffered from prehospital cardiac arrest (5%).

We verified the assumption of proportionality of hazards by
inspecting Schoenfeld residuals on �ln(�ln(survival)) plots for
each Cox proportional hazards model. Postestimation analysis
for the logistic regression models, including propensity score
estimation, by the Hosmer–Lemeshow test showed adequate
goodness of fit for the models, and all P values were >0.05.
We evaluated balancing properties of the calculated propen-
sity scores with multivariate linear and logistic regressions.
When we included propensity scores as a covariate in the
regression models, we found no statistical differences in
baseline characteristics between the groups (Table 1). The
average variance inflation factor was <4.58 for the adjusted

models and 4.47 for the propensity score models, demon-
strating that there was no significant multicollinearity among
the variables in the models. Multilevel modeling that
attempted to account for potential clustering of patients
between different calendar years or between different hospi-
tals did not improve the predictive power of the models and
thus was abandoned.

Discussion
We investigated the effect of gender on mortality and health
care during the last 2 decades in 41 118 patients with AMI,
using data from the prospective RIKS-HIA registry. We found
that, in general, women have better prognosis than men, but
this benefit was not present for younger women or for women
with STEMI. We also found that cardiogenic shock and major
bleeding were disproportionately more common in younger
women and that women were less likely to receive evidence-
based treatment after discharge from the hospital. Perhaps
the most important and novel finding in our study was that
these gender disparities did not decrease over the study
period.

The large number of prospectively followed patients with
AMI in RIKS-HIA allowed us to address associations between
gender and mortality in several clinically important subgroups.
Although women as a group had better prognosis than men,
we did not find this survival advantage for younger women.

Table 3. Trends Over Time for Odds Ratio With 95% CI and P Values for Women to Receive Specific Treatment at Discharge

b-Blocker ACEI/ARB ASA P2Y12* Statin Nitrates

Per calendar year 1.01 (1.00 to 1.01) 0.98 (0.97 to 0.99) 0.99 (0.98 to 1.00) 1.03 (1.01 to 1.05) 0.94 (0.78 to 0.86) 1.09 (1.04 to 1.15)

P=0.089 P<0.001 P=0.205 P=0.014 P<0.001 P=0.001

Over 5 years 1995–2000 1995–2000 1995–2000 N/A 1995–2000 1995–2000

0.83 (0.74 to 0.92) 0.94 (0.86 to 1.09) 0.91 (0.82 to 1.02) 1.17 (1.03 to 1.33) 0.96 (0.86 to 1.06)

2000–2005 2000–2005 2000–2005 2000–2005 2000–2005

0.96 (0.87 to 1.05) 0.91 (0.84 to 0.98) 1.08 (0.99 to 1.18) 1.03 (0.95 to 1.12) 0.95 (0.87 to 1.04)

2005–2010 2005–2010 2005–2010 2005–2010 2005–2010

0.93 (0.84 to 1.03) 0.80 (0.75 to 0.87) 0.95 (0.86 to 1.05) 0.65 (0.60 to 0.72) 1.22 (1.11 to 1.35)

2010–2014 2010–2014 2010–2014 2010–2014 2010–2013

0.94 (0.84 to 1.05) 0.75 (0.69 to 0.82) 0.83 (0.73 to 0.94) 0.58 (0.51 to 0.64) 1.27 (1.14 to 1.42)

P=0.191 P=0.001 P=0.005 P<0.001 P<0.001

Before and after 2005 Before 2005 Before 2005 Before 2005 N/A Before 2005 Before 2005

0.89 (0.83 to 0.96) 0.92 (0.87 to 0.98) 1.00 (0.94 to 1.08) 1.07 (1.00 to 1.15) 0.95 (0.89 to 1.02)

After 2005 After 2005 After 2005 After 2005 After 2005

0.93 (0.87 to 1.00) 0.78 (0.74 to 0.83) 0.90 (0.83 to 0.98) 0.62 (0.58 to 0.67) 1.24 (1.15 to 1.34)

P=0.388 P<0.001 P=0.039 P<0.001 P<0.001

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASA, acetylsalicylic acid; N/A, not available.
*From 2005 to 2014.
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These findings support a previous report from Sweden21 and
extend those observations to the present time. On the one
hand, younger women in our study were more likely to
develop cardiogenic shock, which is associated with higher
mortality. On the other hand, they were less likely to receive
evidence-based pharmacological treatment with statins, aspi-
rin, and ACE inhibitors, which improve survival after MI. Both
of these realities could have had a negative impact on the
survival of younger women.

Another clinically important subgroup is women with
STEMI. Whereas women with NSTEMI had a lower risk of
dying than men, women with STEMI had similar long-term
mortality and higher short-term mortality than men. Higher
mortality in women early after STEMI was reported previ-
ously.6,22–24 Some studies have attributed this finding to
lower rates of revascularization in women.25 In our cohort,
women with STEMI were less likely to undergo coronary
angiography. This finding was unexpected because coronary
angiography should be performed in all eligible patients with
STEMI regardless of gender.15,26 The reason for this differ-
ence between the genders is not clear. On average, women
were older than men, and more women at extreme age with
STEMI were hospitalized and did not have angiography
performed. Subgroup analyses, however, showed that women
with STEMI were less likely than men to undergo coronary
angiography and PCI regardless of age category, and that
suggests the presence of systematic undertreatment.

Women with STEMI were more likely to develop acute
heart failure and cardiogenic shock. The risk of these
complications increases if reperfusion treatment is delayed;
however, we have not found a difference between the genders
in time from first ECG to reperfusion. It is known that women,
on average, seek medical attention later in the course of the
disease and that the time course of myocardial injury differs
between the genders.27,28 These facts could partially explain
the higher risk of acute heart failure and cardiogenic shock in
women. Similar to previous reports, we found that women had
a higher risk of major bleeding.28

Gender disparities in mortality and treatment did not
decrease over the past 2 decades. This finding is novel and
somewhat surprising, given Sweden’s egalitarian social and
political traditions, particularly with regard to equality
between the genders. Despite several nationwide campaigns
and administrative regulations aimed at reducing inequalities
in health care over past decades, inequalities between the
genders are still present in substantial measure.29 The
decreased risk of developing cardiogenic shock in women,
however, could be a positive result of these campaigns.

Younger women and women with STEMI were less likely
than their male counterparts to receive evidence-based
treatment at discharge. Instead, they were more likely to be
treated with long-acting nitrates. Some women may have

suffered from atypical MI in which no overt coronary artery
disease was diagnosed on the coronary angiogram. Angio-
graphic absence of coronary artery disease may have led the
treating physician to omit evidence-based medication. The
differences between the genders in prescription of antiplat-
elet medication could be related to the higher risk of major
bleeding among women, which has been reported in many
studies.28 In our study, major bleeding during hospitalization
was more common among female patients, and major
bleeding was associated with lower prescription of antiplat-
elet agents. Consequently, the underprescription of antiplat-
elet drugs for women may be explained partially by
physicians’ fear of risk of future bleeding after discharge
from the hospital; however, the decision to withhold any
evidence-based pharmacological treatment from patients
diagnosed with AMI, regardless of angiographic findings,
has no foundation in the scientific literature and is not
supported by the current guidelines. It is true that the large
multicenter clinical trials in which specific pharmacological
treatment after MI was evaluated have been dominated by
male patients, but female patients were also substantially
represented in these studies. Current guidelines for second-
ary prevention after MI are based on the information from
many studies in which coronary angiography was not
performed. Evidence-based treatment should thus be pre-
scribed to all eligible patients after MI, independent of
gender.15,26

This study has several limitations. First, it is an observa-
tional retrospective study and, as such, provides only
associative, not causative, evidence. In contrast, the obser-
vational nature of our study provides real-world data on a
large cohort of patients. Second, we do not have data on
cause-specific mortality, including cardiovascular mortality;
however, current Academic Research Consortium criteria
favor reporting of all-cause mortality rather than cardiac
mortality in cardiovascular research.30 Third, a proportion of
patients had missing data. The exclusion of these patients
from the analysis might have produced biased results;
however, results from the multiple imputation model were
congruent with the data from the complete case analysis.
Last, we performed many statistical analyses; therefore,
statistical significance could occur by chance in 1 of 20
comparisons.

Conclusion
On average, women have better adjusted prognosis than men
after AMI; however, younger women and women with STEMI
have disproportionately poor short- and long-term prognosis
and are less likely than men to be prescribed evidence-based
treatment. Women are less likely than men to be prescribed

DOI: 10.1161/JAHA.115.001995 Journal of the American Heart Association 10

Gender Differences in Acute Myocardial Infarction Redfors et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



evidence-based treatment after AMI. We cannot rule out that
this reflects a sexist bias. Effective measures within the health
care system are needed to neutralize undertreatment of
women after MI.
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