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Sex Differences in Treatments, Relative Survival, and Excess Mortality
Following Acute Myocardial Infarction: National Cohort Study Using
the SWEDEHEART Registry
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Background-—This study assessed sex differences in treatments, all-cause mortality, relative survival, and excess mortality
following acute myocardial infarction.
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Methods and Results-—A population-based cohort of all hospitals providing acute myocardial infarction care in Sweden
(SWEDEHEART [Swedish Web System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated
According to Recommended Therapies]) from 2003 to 2013 was included in the analysis. Excess mortality rate ratios (EMRRs),
adjusted for clinical characteristics and guideline-indicated treatments after matching by age, sex, and year to background
mortality data, were estimated. Although there were no sex differences in all-cause mortality adjusted for age, year of
hospitalization, and comorbidities for ST-segment–elevation myocardial infarction (STEMI) and non-STEMI at 1 year (mortality
rate ratio: 1.01 [95% conﬁdence interval (CI), 0.96–1.05] and 0.97 [95% CI, 0.95–0.99], respectively) and 5 years (mortality rate
ratio: 1.03 [95% CI, 0.99–1.07] and 0.97 [95% CI, 0.95–0.99], respectively), excess mortality was higher among women
compared with men for STEMI and non-STEMI at 1 year (EMRR: 1.89 [95% CI, 1.66–2.16] and 1.20 [95% CI, 1.16–1.24],
respectively) and 5 years (EMRR: 1.60 [95% CI, 1.48–1.72] and 1.26 [95% CI, 1.21–1.32], respectively). After further adjustment
for the use of guideline-indicated treatments, excess mortality among women with non-STEMI was not signiﬁcant at 1 year
(EMRR: 1.01 [95% CI, 0.97–1.04]) and slightly higher at 5 years (EMRR: 1.07 [95% CI, 1.02–1.12]). For STEMI, adjustment for
treatments attenuated the excess mortality for women at 1 year (EMRR: 1.43 [95% CI, 1.26–1.62]) and 5 years (EMRR: 1.31
[95% CI, 1.19–1.43]).
Conclusions-—Women with acute myocardial infarction did not have statistically different all-cause mortality, but had higher
excess mortality compared with men that was attenuated after adjustment for the use of guideline-indicated treatments. This
suggests that improved adherence to guideline recommendations for the treatment of acute myocardial infarction may reduce
premature cardiovascular death among women.
Clinical Trial Registration-—URL: https://www.clinicaltrials.gov. Unique identiﬁer: NCT02952417. ( J Am Heart Assoc. 2017;6:
e007123. DOI: 10.1161/JAHA.117.007123.)
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What Is New?
• We found a survival disadvantage for women with STsegment–elevation myocardial infarction and non–STsegment–elevation myocardial infarction who were followed
for 10 years after acute myocardial infarction.
• These sex differences in excess mortality persisted after
adjusting for age and comorbidities.
• However, the differences in excess mortality decreased or
disappeared after adjusting for the use of evidence-based
treatments.

What Are the Clinical Implications?
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• Our novel ﬁndings suggest that if treatments for acute
myocardial infarction were provided equally between sexes,
then differences in deaths between men and women would
be smaller and premature cardiovascular deaths among
women would be reduced.

C

oronary artery disease is a major health problem that
contributes considerably to the global mortality and
disease burden in men and women.1 Estimates of the impact
of sex on survival following acute myocardial infarction (AMI)
have varied to some extent.2,3 The reasons for these
inconsistent ﬁndings are numerous and include the use of
different populations with regard to age and type of AMI, as
well as differing times to censorship and adjustments for
confounders.
Several studies have suggested that sex is no longer a major
independent predictor of death, after adjustment for age and
comorbidities.4–12 However, these studies have not adjusted
for the fact that women without AMI have a better underlying
prognosis than men without AMI. Notably, most of the literature
reporting survival has used all-cause mortality as the clinical
outcome.5,6 Such analyses are not able to disentangle deaths
related to the disease of interest (ie, AMI in this study) from
deaths due to competing risks. To correct for estimated
mortality due to other causes using background population
mortality data, the method of choice is relative survival.13–16
To our knowledge, no large-scale studies have used this
technique to evaluate sex differences in survival after AMI.
Consequently, we aimed to estimate the impact of sex on
relative survival and excess mortality following AMI using a
population-based cohort within a relative survival framework
and to identify factors associated with differences in survival.

reproducing the results or replicating the procedure. Institutional review board approval was obtained, according to the
JAHA guidelines. No informed consent was required.

Patients, Setting, and Inclusion Criteria
We included all hospitals in Sweden (n=73) that provided care
for patients with AMI. Eligible patients (n=180 368) were
those aged >18 years who had been hospitalized for AMI
between January 1, 2003, and December 31, 2013 (Table S1).
All patients were censored on December 31, 2013. For
multiple admissions, we used the earliest record. Patient-level
data concerning demographics, comorbidities, cardiovascular
risk factors, and treatments at discharge were extracted from
SWEDEHEART (Swedish Web System for Enhancement and
Development of Evidence-Based Care in Heart Disease
Evaluated According to Recommended Therapies), a population-based registry of outcomes for patients hospitalized with
acute coronary syndrome. SWEDEHEART is a Web-based
system, and all data are registered by the caregiver (physicians and nurses) during acute care. The registry is regularly
monitored with 95% to 96% agreement between register and
electronic health records; more details about the registry and
validity have been published elsewhere.17 Baseline data were
also enriched by linking SWEDEHEART to the National Patient
Register, including all International Classiﬁcation of Diseases
codes for all admissions to Swedish hospitals since 1987.
Cases of AMI were deﬁned as ST-segment–elevation myocardial infarction (STEMI) and non-STEMI (NSTEMI), according to
the current European Society of Cardiology, American College
of Cardiology, and American Heart Association guidelines and
determined at the local level by the attending physician.18 The
data ﬂow for the derivation of the analytical cohort is shown in
Figure 1.

Observed Survival
Data for all-cause mortality for patients recorded in
SWEDEHEART were extracted through linkage to the National
Population Registry in Sweden using each patient’s unique
identiﬁer. Patients were followed up for their vital status after
hospitalization for AMI, with censoring at the end of follow-up
on December 31, 2013 (Figure 1). Survival time was deﬁned
as the duration between date of hospital admission for AMI
and date of death, date of last follow-up for vital status, or end
of the study censoring period.

Expected Survival

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of
DOI: 10.1161/JAHA.117.007123

Expected survival was derived from the general population of
Sweden matched by age, sex, and year of hospitalization to
observed survival for the SWEDEHEART registry patients. This
Journal of the American Heart Association

2

ORIGINAL RESEARCH

Clinical Perspective

Sex Differences in Excess Mortality Following AMI

Alabas et al
ORIGINAL RESEARCH

Admission recorded in SWEDEHEART
1st January 2003 to 31st December 2013
n=216,512

Exclusion criteria
Multiple records n=34,390
Missing diagnosis n=1703
Age >100 years n=28
Downloaded from http://jaha.ahajournals.org/ by guest on February 21, 2018

Missing survival time n=35

Analytical cohort
Total n=180,368
STEMI n=60,712 (33.2% women)
NSTEMI n=119,656 (37.8% women)

Figure 1. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) diagram of
exclusion of cases from the SWEDEHEART data set to derive the analytical cohort. NSTEMI indicates non–
ST-segment–elevation myocardial infarction; STEMI, ST-segment–elevation myocardial infarction.

analysis was undertaken using life tables obtained from the
Human Mortality Database of Sweden (http://www.mortality.
org) and included 1 093 480 matched deaths.

Primary Outcome
The primary outcome was excess mortality at 6 months,
1 year, and 5 years following hospitalization with AMI.

Statistical Analyses
Differences in baseline characteristics by sex were evaluated
using percentages to describe categorical variables and
means and standard deviations for continuous normally
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distributed variables (all continuous variables were normally
distributed). Logistic regression, with and without adjustment
for age and comorbidities, was used to evaluate sex
differences in the odds of receiving treatment at discharge,
represented as odds ratios with 95% conﬁdence intervals
(CIs).
Relative survival was deﬁned as the observed survival
among patients with STEMI and NSTEMI divided by expected
survival in the age-, sex-, and year-matched populace of
Sweden.
We used ﬂexible parametric survival models to calculate
excess mortality following AMI, associated with sex. The
ﬂexible parametric approach allowed the incorporation of
time-dependent effects and used restricted cubic spline
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missing values (Table S2). All tests were 2-tailed, with the
level of statistical signiﬁcance prespeciﬁed at 5% (P<0.05).
Statistical analyses were performed using Stata version
14.2 (StataCorp).

Results
There were 60 712 (33.7%) patients with STEMI (mean age:
68.9 years [SD: 12.6]; 33.2% women) and 119 656 (66.3%)
with NSTEMI (mean age: 72.4 years [SD: 12.0]; 37.8%
women). Women with STEMI (mean age: 73.7 years [SD:
12.2] versus 66.5 years [SD: 12.1]) and NSTEMI (mean age:
75.6 years [SD: 11.5] versus 70.4 years [SD: 11.9]) were
older than men and also more comorbid, being more likely
to have diabetes mellitus, heart failure, hypertension, and
chronic obstructive pulmonary disease. However, they were
less likely to be smokers and to have had prior myocardial
infarction, percutaneous coronary intervention, and coronary
artery bypass grafting surgery (Table 1 and Tables S3 and
S4). At presentation to the hospital, women were more
likely to have a systolic blood pressure <90 mm Hg, heart
rate >110 beats/min, and receive loop diuretics during
their hospital stay (Table 1). Women were less likely than
men to receive guideline-indicated pharmacological and
invasive coronary treatments (Table 1, Figure 2, and
Table S5).

Standard Survival of All-Cause Mortality (Cox
Model)
For women, there were 30 202 (46.2%) deaths over
271 824 person-years at risk, and for men there were
39 702 (34.5%) deaths over 540 771 person-years at risk.
The median time to death was shorter for women than for
men (1.7 years [interquartile range: 0.3–4.3 years] versus
1.9 years (interquartile range: 0.3–4.6 years]; P<0.001). For
STEMI, all-cause mortality analysis showed no sex difference
in mortality adjusted for age, year of hospitalization, and
comorbidities at 6 months (MRR: 1.02 [95% CI, 0.98–1.06]),
1 year (MRR: 1.01 [95% CI, 0.96–1.05]), and 5 years (MRR:
1.03; 95% CI, 0.99–1.07]). For NSTEMI, women showed a
small reduction in mortality compared with men at
6 months (MRR: 0.96 [95% CI, 0.94–0.99]), 1 year (MRR:
0.97 [95% CI, 0.95–0.99]), and 5 years (MRR: 0.97 [95% CI,
0.95–0.99]). However, after further adjusting for treatments,
women with STEMI and NSTEMI each had reduced all-cause
mortality at 6 months (MRR: 0.94 [95% CI, 0.91–0.98]) and
0.88 [95% CI, 0.86–0.90]), 1 year (MRR: 0.92 [95% CI,
0.89–0.96] and 0.88 [95% CI, 0.87–0.90]), and 5 years
(MRR: 0.93 [95% CI, 0.89–0.96] and 0.89 [95% CI, 0.87–
0.91]; Table 2).
Journal of the American Heart Association
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functions to estimate the baseline cumulative hazard function.19 The base model (model 1) included age (≤55, 56 to
≤65, 66 to ≤75 [reference group], 76 to ≤85, and
>85 years), sex, and year of hospitalization (2003–2005
[reference group], 2006–2008, 2009–2011, and 2012–
2013). Subsequently, a case mix model (model 2) was ﬁtted
that included the base variables (age, sex, year of hospitalization) and comorbidities (history of diabetes mellitus,
hypertension, myocardial infarction, stroke, peripheral vascular disease, heart failure, chronic renal failure, and chronic
obstructive pulmonary disease) to test whether the effect of
sex on excess mortality would change. To this model we then
added (model 3) the use of guideline-indicated treatments for
AMI including reperfusion therapy (ﬁbrinolysis or primary
percutaneous coronary intervention, only for patients with
STEMI), any revascularization (percutaneous coronary intervention or coronary artery bypass grafting surgery), and
medications at discharge from the hospital (aspirin, bblockers, HMG-CoA [5-hydroxy-3-methylglutaryl–coenzyme A]
reductase inhibitors [statins], angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, P2Y12 inhibitors).
Obtained estimates from these incremental models were
presented at 6 months, 1 year, and 5 years of follow-up and
calculated separately for STEMI and NSTEMI. Results were
presented as adjusted excess mortality rate ratios
(EMRRs).20,21 Evidence of excess mortality is observed when
the EMRR is >1 (an EMRR of 1.5 for women compared with
men indicates that women experience 50% higher excess
mortality than men).
For all models, the hazard was selected as the model’s
scale. The degrees of freedom for the ﬁtted model were
determined using the Akaike information criterion, the
Bayesian information criterion, and the likelihood ratio test.
The proportional excess hazards assumption was assessed
by incorporating time-dependent effects among age, sex,
year, and timescale and assessed using the likelihood ratio
test. Given the effects of age, sex, and year of hospitalization varied across time, interaction terms between age, sex,
and year of hospitalization and time were added to the
models. Adding the age9sex interaction to the models had
no signiﬁcant effect on improving the model ﬁt, as assessed
using the Akaike information criterion, the Bayesian information criterion, and the likelihood ratio test. We compared
mortality rate ratios (MRRs) calculated using a Cox model
(all-cause mortality) with those from the ﬂexible parametric
relative survival model. Finally, we investigated the impact
of increasing age on excess mortality from AMI due to sex
by ﬁtting the full ﬂexible parametric survival models
according to age group and comparing the relative risk of
change of EMRR between patients aged ≤55 years with
those aged >85 years. All analyses were performed using
complete case data because of the limited number of
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5549 (27.6)
5263 (26.1)
3425 (17.0)

2006–2008

2009–2011

2012–2013

9724 (48.3)
8574 (47.3)

Hypertension

Current or ex-smoker

1269 (6.3)
721 (3.6)
415 (2.1)
1775 (8.8)
833 (4.1)

Heart failure

PCI

CABG

Cerebrovascular disease

PVD

1358 (6.7)

COPD

1032 (5.1)
79.7 (22.4)
1430 (8.4)
18 841 (93.8)

Systolic BP, ≤90 mm Hg, n (%)

Heart rate, beats/min, mean (SD)

Heart rate, >110 beats/min, n (%)

ST-segment deviation, n (%)

1265 (6.3)
5703 (28.5)

Cardiac arrest

Use of a loop diuretic

In-hospital course, n (%)

140.0 (31.4)

Systolic BP, mm Hg, mean (SD)

Presentation characteristics

372 (1.9)

Chronic renal failure

Other comorbidities, n (%)

2346 (11.7)

Myocardial infarction

Prior cardiovascular diseases, n (%)

3524 (17.5)

Diabetes mellitus

Risk factors, n (%)

5903 (29.3)

73.7 (12.2)

2003–2005

Year of hospitalization, n (%)

Mean (SD) age, y

Women (n=20 140)

STEMI (N=60 712)

8181 (20.3)

2491 (6.1)

37 909 (93.8)

2068 (6.0)

76.8 (21.0)

1555 (3.8)

140.9 (29.6)

1656 (4.1)

717 (1.8)

1287 (3.2)

2746 (6.8)

1626 (4.0)

2440 (6.0)

1526 (3.8)

5278 (13.0)

24 075 (63.8)

14 701 (36.2)

5972 (14.7)

7236 (17.8)

11 217 (27.7)

10 911 (26.9)

11 208 (27.6)

66.5 (12.1)

Men (n=40 572)

0.07)

†

2.47)

8.23 (6.77–9.70)

†

0.14 ( 1.50 to 1.78)

0 ( 0.42 to 0.42)

2.39 (0.63–4.15)†

2.87 ( 3.26 to

1.29 ( 0.36 to 2.94)

13 511 (30.0)

961 (2.1)

16 852 (37.9)

5521 (14.4)

86.5 (24.5)

924 (2.0)

150.4 (30.8)

4130 (9.1)

0.87 (0.32–1.43)†

1522 (3.4)

2.66 (1.02–4.30)†

3121 (6.9)

5335 (11.8)

2493 (5.5)

2857 (6.3)

6170 (13.6)

10 126 (22.4)

16 569 (41.2)

0.08 ( 1.60 to 1.76)

†

0.28)

0.78)

0.97 ( 0.69 to 2.63)

2.04 (0.42–3.66)†

1.95 ( 3.62 to

2.43 ( 4.08 to

2.54 (0.90–4.18)

†

1.36 ( 2.94 to 0.22)

16.47 ( 17.70 to

24 456 (54.0)

12.05 (10.80–13.31)†
†

10 510 (23.2)

7821 (17.3)

11 675 (25.8)

12 704 (28.1)

13 054 (28.9)

75.6 (11.5)

Women (n=45 254)

2.78 (1.24–4.32)†

15.25)

0.82 ( 2.36 to 0.72)

1.52 ( 3.00 to

†

7.02)†

0.66 ( 0.78 to 2.10)

1.69 (0.26–3.12)†

7.22 ( 7.43 to

Difference in Means/
Proportions (95% CI)*

NSTEMI (N=119 656)

16 177 (21.9)

1878 (2.5)

26 483 (36.3)

6380 (10.1)

81.3 (23.9)

1323 (1.8)

148.5 (28.6)

5208 (7.0)

2991 (4.0)

5041 (6.8)

8189 (11.0)

8699 (11.7)

7763 (10.4)

8382 (11.3)

19 192 (25.8)

42 269 (62.0)

33 436 (44.9)

16 384 (22.0)

13 133 (17.7)

19 448 (26.1)

20 722 (27.9)

21 099 (28.4)

70.4 (11.9)

Men (n=74 402)

5.05)†

5.06)†

3.00)†

2.40)†

19.90)†

1.46)†

0.49)

4.93)†

8.15 (7.15–9.15)†
Continued

0.41 ( 1.56 to 0.74)

1.64 (0.71–2.57)†

4.31 (3.13–5.49)†

5.24 ( 5.54 to

0.26 ( 0.90 to 1.42)

1.83 ( 2.21 to

2.13 (1.01–3.25)†

0.66 ( 1.81 to

0.12 ( 1.01 to 1.25)

0.78 ( 0.32 to 1.88)

6.18 ( 7.30 to

4.12 ( 5.24 to

2.36 (1.27–3.45)

†

3.42 ( 4.44 to

20.78 (21.66 to

9.1 (8.28–9.92)†

1.2 (0.17–2.23)†

0.37 ( 1.43 to 0.69)

0.34 ( 1.34 to 0.67)

0.22 ( 0.77 to 1.21)

0.49 ( 0.50 to 1.48)

5.19 ( 5.33 to

Difference in Means/
Proportions (95% CI)*
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7.50)†
8.23 ( 8.96 to
26 329 (58.6)
8.70)†

49 396 (66.8)

3.45)†
4.15 ( 4.85 to

11.06)†
11.68 ( 12.30 to
58 677 (79.5)

47 912 (69.4)
27 271 (65.3)
6.43)†

37 535 (83.6)

9.56 ( 10.42 to
32 519 (80.8)
14 176 (71.2)
P2Y12 inhibitor

29 372 (77.7)
ACEi or ARB

13 070 (70.3)

7.35 ( 8.27 to

11.31)
12.12 ( 12.93 to
34 431 (85.6)
Statin

14 612 (73.5)

4.89 ( 5.55 to
35 417 (88.0)
16 530 (83.1)
b-Blocker

36 873 (91.8)
17 304 (87.1)
Aspirin

Treatments at discharge

32 446 (80.0)
Revascularization

13 023 (64.7)

4.66 ( 5.23 to

15.31 ( 16.24 to

14.38)

†

4.23)†

30 419 (67.8)

1.91)†
2.37 ( 2.83 to

3.68 ( 4.10 to
65 956 (89.4)
38 451 (85.7)
4.09)†

63 518 (86.0)

3.26)†

17.55)†
18.46 ( 19.37 to
37 616 (50.6)
14 528 (32.1)

NA
NA
10.7 ( 11.60 to
32 093 (79.2)
13 768 (68.5)
Reperfusion

Men (n=40 572)
Women (n=20 140)

Difference in Means/
Proportions (95% CI)*

9.81)†

†

NA

Difference in Means/
Proportions (95% CI)*
Men (n=74 402)
Women (n=45 254)

NSTEMI (N=119 656)
STEMI (N=60 712)

Table 1. Continued

Relative Survival and Excess Mortality
The estimated average relative survival adjusted for age and
year was lower for women with STEMI than for men at
6 months (84.8% versus 87.6%), 1 year (83.2% versus 86.8%),
and 5 years (75.1% versus 82.4%). For NSTEMI, the difference
in relative survival between men and women was not evident
at 6 months (90.0% versus 89.6%) and 1 year (86.9% versus
87.0%); however, women with NSTEMI had lower relative
survival than men at 5 years (73.1% versus 76.0%).
Women with STEMI had a 2-fold increase in excess
mortality after adjustment for age and year of hospital
admission at 6 months (EMRR: 2.12 [95% CI, 1.85–2.42]), a
3-fold increase at 1 year (EMRR: 3.29 [95% CI, 2.40–4.51]),
and an almost 2-fold increase at 5 years (EMRR: 1.91[ 95% CI,
1.73–2.10]). For NSTEMI, the effects were smaller but
statistically signiﬁcant at 6 months (EMRR: 1.14 [95% CI,
1.10–1.18]), 1 year (EMRR: 1.24 [95% CI, 1.19–1.29]), and
5 years (EMRR: 1.35 [95% CI, 1.28–1.42]; Table 2 and
Figure 3).
After additive adjustment for comorbidities, women with
STEMI and NSTEMI continued to demonstrate signiﬁcant
excess mortality at each of the follow-up time points (Table 2
and Figure 3). After further adjustment for the use of
guideline-indicated treatments, excess mortality among
women with NSTEMI was no longer signiﬁcant at 6 months
(EMRR: 0.97 [95% CI, 0.94–1.00]) and 1 year (EMRR: 1.01
[95% CI, 0.97–1.04]), but remained at 5 years (EMRR: 1.07
[95% CI, 1.02–1.12]). For STEMI, adjustment for treatments
reduced excess mortality for women compared with men at
6 months (EMRR: 1.26 [95% CI, 1.16–1.37]), 1 year (EMRR:
1.43[ 95% CI, 1.26–1.62]), and 5 years (EMRR: 1.31 [95% CI,
1.19–1.43]; Table 2 and Figure 3). With increasing age, the
risk of excess mortality after adjustment for comorbidities
and treatments increased for women with STEMI (age
>85 versus ≤55 years, EMRR: 2.85 [95% CI, 2.26–3.60])
and NSTEMI (age >85 versus ≤55 years, EMRR: 4.07 [95% CI,
3.38–4.92]). A similar association of excess mortality and
increased age was found for men with STEMI (age >85 versus
≤55 years, EMRR: 2.27 [95% CI, 1.85–2.80]; Figure 4A) and
NSTEMI (age >85 versus ≤55 years, EMRR: 2.93 [95% CI,
2.56–3.35; Figure 4B), and there was no signiﬁcant interaction between sex and age.

Discussion
This nationwide study of >180 000 patients with AMI
contains several novel and important ﬁndings relevant to
clinical practice. We found that women after AMI, despite
similar adjusted all-cause mortality, had much worse relative
survival and higher excess mortality than men. This was most
evident for patients with STEMI. Whilst the magnitude of the
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Difference in means for continuous variables and proportions for categorical variables. Reperfusion comprises ﬁbrinolysis or primary PCI. Revascularization comprises PCI or CABG surgery. ACEi indicates angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CABG, coronary artery bypass grafting; CI, conﬁdence interval; COPD, chronic obstructive pulmonary disease; NSTEMI indicates non–ST-segment–elevation myocardial
infarction; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease; STEMI, ST-segment–elevation myocardial infarction.
*signiﬁcance level of p value <0.05..
†
Signiﬁcance level <0.05.
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Figure 2. Odds of receipt of guideline-indicated care for women compared with men, by (A) ST-segment–elevation myocardial infarction and
(B) non–ST-segment–elevation myocardial infarction. Odds ratios were calculated using univariate and multivariable logistic regression.
*Adjusted odds ratios for age, diabetes mellitus, hypertension, previous myocardial infarction, cerebrovascular disease, peripheral vascular
disease, and heart failure. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, conﬁdence interval; OR, odds
ratio.

association was reduced when comorbidities were considered; however, after additional adjustment for the use of
evidence-based treatments, the differences in excess mortality between women and men were further reduced for STEMI
and eliminated at up to 1 year for NSTEMI. Moreover, sexdependent differences in excess mortality increased with
increasing age. Taken together, these data suggest that the
impact of AMI is greater in women and that better adherence
to guideline-indicated care for women may result in improved
survival of AMI and more equitable cardiovascular outcomes
between the sexes.
In line with results of previous studies, we found that
women were older than men and more likely to have
comorbidities but less likely to smoke.5,6,22 Despite the
international recommendations for equal treatment of
women and men presenting with AMI,23 we found that
women were less likely to receive reperfusion and revascularization therapies and to be prescribed guideline-indicated
pharmacological therapies at the time of discharge from the
hospital. We found that the lower rates of use of evidencebased medications and invasive procedures could not be
fully explained by confounding factors such as age and
comorbidities. These differences may partly be explained by
a higher incidence of myocardial infarction with nonobstructive coronary arteries in women,24,25 for which most
treatments lack evidence from clinical trials. Still, this may
indicate inequalities in medical care provision between sexes
and may lead to increased mortality among women with AMI
compared with men.
DOI: 10.1161/JAHA.117.007123

When we studied all-cause mortality in patients with AMI
(rather than relative survival), we found that sex differences
were no longer signiﬁcant for STEMI, whereas women with
NSTEMI had a better prognosis than men. These ﬁndings
agree with most earlier studies4–12,26 in which standard
survival analyses were applied. Using the relative survival
approach, we found that women with STEMI and NSTEMI had
higher excess mortality rates compared with their male
counterparts. Unlike standard survival, relative survival
accounts for differences in background mortality across
groups, allowing for the distinction between death due to the
index AMI and deaths due to other causes, and avoids the risk
of classiﬁcation errors in cause-of-death records.27 Our
results and the ﬁndings of a recent study by Baart et al13
illustrate that measuring relative survival and excess mortality
may have important implications for acute coronary care.
Earlier studies suggested that sex differences following
AMI could be due to the higher cardiovascular risk factor
proﬁle, older age, later presentation, delayed revascularization, underdiagnosis, and less aggressive and evidence-based
treatment in women compared with men.28–33 Although these
remain plausible, we found that women with STEMI and
NSTEMI had excess mortality compared with men despite
adjustment for their demographics and cardiovascular proﬁle.
It was only after we further adjusted for treatments used that
the differences in excess mortality between the sexes
decreased and, for NSTEMI, disappeared. For NSTEMI, the
differences in excess mortality were mitigated after adjustment for the use of treatments at up to, but not beyond
Journal of the American Heart Association
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Table 2. Adjusted MRR and EMRR at 6 Months, 1 Year, and 5 Years for Women With 95% CIs for STEMI and NSTEMI
STEMI, n=60 712
Model

NSTEMI, n=119 656

MRR (95% CI)

EMRR (95% CI)

MRR (95% CI)

EMRR (95% CI)

Model 1: age, year of hospitalization
6 mo

1.01 (0.97–1.05)

2.12 (1.85–2.42)*

0.93 (0.91–0.95)*

1.14 (1.10–1.18)*

1y

1.01 (0.95–1.05)

3.29 (2.40–4.51)*

0.93 (0.92–0.95)*

1.24 (1.19–1.29)*

5y

1.03 (1.00–1.07)

1.91 (1.73–2.10)*

0.95 (0.92–0.97)*

1.35 (1.28–1.42)*

Model 2: age, year of hospitalization, comorbidities

†

6 mo

1.02 (0.98–1.06)

1.65 (1.50–1.81)*

0.96 (0.94–0.99)

1.15 (1.11–1.19)*

1y

1.01 (0.96–1.05)

1.89 (1.66–2.16)

0.97 (0.95–0.99)

1.20 (1.16–1.24)*

5y

1.03 (0.99–1.07)

1.60 (1.48–1.72)*

0.97 (0.95–0.99)

1.26 (1.21–1.32)*

†

Model 3: age, year of hospitalization, comorbidities , treatments at discharge

‡
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6 mo

0.94 (0.91–0.98)*

1.26 (1.16–1.37)*

0.88 (0.86–0.90)*

0.97 (0.94–1.00)

1y

0.92 (0.89–0.96)*

1.43 (1.26–1.62)*

0.88 (0.87–0.90)*

1.01 (0.97–1.04)

5y

0.93 (0.89–0.96)*

1.31 (1.19–1.43)*

0.89 (0.87–0.91)*

1.07 (1.02–1.12)*

CI indicates conﬁdence interval; EMRR, excess mortality rate ratio; MRR, mortality rate ratio; NSTEMI indicates non–ST-segment–elevation myocardial infarction; PCI, percutaneous
coronary intervention; STEMI, ST-segment–elevation myocardial infarction.
*Signiﬁcance level <0.05.
†
Diabetes mellitus, hypertension, myocardial infarction, cerebrovascular diseases, peripheral vascular disease, heart failure.
‡
Aspirin, b-blockers, statin, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, P2Y12 inhibitors, reperfusion (ﬁbrinolysis or primary PCI), revascularization (PCI or
coronary artery bypass grafting surgery).

1 year following hospitalization. It is possible that such higher
risk cases of AMI require more intensive and persistent or
novel therapeutic interventions to achieve ongoing equipoise
in outcomes between the sexes.34,35

We also found that excess mortality increased with
increasing age. This was evident both for STEMI and NSTEMI
in women >85 years, with >2-fold higher excess mortality
than their younger counterparts. Similarly, men with STEMI

Figure 3. Risk of death at 6 months, 1 year, and 5 years for women compared with men by (A) ST-segment–elevation myocardial infarction
(STEMI) and (B) non–ST-segment–elevation myocardial infarction (NSTEMI). Age and year of hospitalization (model 1); age, year of
hospitalization, and comorbidities (model 2); and age, year of hospitalization, comorbidities, and treatments at discharge (aspirin, b–blockers,
statin, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, P2Y12 inhibitors, revascularization [NSTEMI], reperfusion. and
revascularization [STEMI]; model 3). CI indicates conﬁdence interval; EMRR, excess mortality rate ratio.

DOI: 10.1161/JAHA.117.007123
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Figure 4. A, Adjusted cumulative excess mortality (model 3) by age group stratiﬁed by sex for (A) ST-segment–elevation myocardial infarction
and (B) non–ST-segment–elevation myocardial infarction.

and NSTEMI who were aged >85 years had 2-fold higher
excess mortality compared with men <55 years. Age was
signiﬁcantly associated with excess mortality even after
adjusting for sex, comorbidities, and treatments. However,
care must be taken in interpreting this result because it is
possible that other unmeasured comorbidities were present in
the older adults that may have biased the estimates.36,37
Our ﬁndings have important implications regarding care
and outcomes in women, particularly as patients with AMI are
living much longer.38 We clearly showed that the gap in
mortality between the sexes decreased for STEMI and almost
disappeared for NSTEMI after adjusting for treatments at
discharge. Thus, there may be greater potential to realize the
beneﬁts of healthcare quality improvement efforts in women
than in men.
Although this study has strengths, including the size, the
high quality, and the completeness of the data set, there are
also limitations. Expected survival probabilities were
DOI: 10.1161/JAHA.117.007123

calculated from general population life tables that are
stratiﬁed only by age, sex, and calendar year. The concept
of relative survival relies on comparing the survival probabilities of a diseased population (eg, patients with AMI) to the
survival probabilities of the general population of the same
demographic structure. However, we were not able to match
for other factors inﬂuencing outcome, such as comorbidities,
socioeconomical status, and ethnicity. Consequently, the
excess mortality may be related not only to AMI but also to
other differences between the diseased and the general
population. Such differences may be more pronounced in
older adults.39 We did not correct for the prevalence of AMI in
the general population, and this may have overinﬂated survival
estimates in our AMI population group.20,40 However, because
the prevalence of AMI in the Swedish general population is
small, adjustment to address this issue would most likely have
a small impact. Although extensive adjustments have been
made, our study still lacks data regarding some important
Journal of the American Heart Association
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Figure 4. Continued.
patient characteristics, such as coronary anatomy, left
ventricular ejection fraction, and signs of hemodynamic
instability and subsequent outpatient follow-up data, which
may have shed more light on the reasons for the differences
in outcome. Another limitation is that data were available only
at discharge. It is important to investigate the level of
adherence to evidence-based treatments after AMI discharge
and its impact on long-term survival.

Conclusion
Women with AMI in Sweden had lower relative survival and
higher excess mortality compared with men, which persisted
from date of hospitalization and increased with age. Excess
mortality among women reduced only after adjustment for the
use of guideline-indicated treatments. This ﬁnding suggests
DOI: 10.1161/JAHA.117.007123

that improved adherence to guideline recommendations for
the treatment of AMI may reduce premature cardiovascular
death among women.
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SUPPLEMENTAL MATERIAL

Table S1. Years of diagnosis and years of follow-up

Year of
diagnosis
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

2003

2004

2005

2006

1

1/2
1

2/3
1/2
1

3/4
2/3
1/2
1

Year of follow-up
2007 2008 2009
4/5
3/4
2/3
1/2
1

5/6
4/5
3/4
2/3
1/2
1

6/7
5/6
4/5
3/4
2/3
1/2
1

2010

2011

2012

2013

7/8
6/7
5/6
4/5
3/4
2/3
1/2
1

8/9
7/8
6/7
5/6
4/5
¾
2/3
½
1

9/10
8/9
7/8
6/7
5/6
4/5
3/4
2/3
1/2
1

10/11
9/10
8/9
7/8
6/7
5/6
4/5
3/4
2/3
1/2
1
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Table S2. Baseline and clinical characteristics for the 2003-2013 AMI cohort with missing levels,
stratified by clinical presentation
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STEMI N=60,712
Age
0
Male (%)
0
Year of hospitalisation
2003-05
0
2006-08
0
2009-11
0
2012-13
0
Risk factors
Diabetes mellitus
0
Hypertension
0
Current/ex-smoker
4,813 (7.9%)
Prior cardiovascular diseases
Myocardial infarction
0
Heart failure
0
PCI
0
CABG
0
Cerebrovascular disease
0
PVD
0
Other comorbidities
Chronic renal failure
0
COPD
0
Presenting clinical characteristics
Systolic BP
9,597 (15.8%)
Heart rate
9,015 (14.9%)
ST-segment deviation
213 (0.4%)
In-hospital course
Cardiac arrest
13 (0.0%)
Loop diuretic administration
347 (0.6%)
Reperfusion
842 (1.4%)
Revascularisation
0
Guideline-indicated treatments
Aspirin
673 (1.1%)
β–blockers
582 (1.0%)
Statin
610 (1.0%)
ACEi or ARB
4,291 (7.1%)
P2Y12 inhibitors
552 (0.9%)

NSTEMI N=119,656
0
0
0
0
0
0
0
0
11,270 (9.4%)
0
0
0
0
0
0
0
0
19,153 (16.0%)
17,802 (14.9%)
2,152 (1.8%)
58 (0.1%)
678 (0.6%)
0
957 (0.8%)
865 (0.7%)
950 (0.8%)
8,888 (7.4%)
829 (0.7%)

Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary
artery bypass graft; PVD, peripheral vascular disease; COPD, chronic
obstructive pulmonary disease; BP, blood pressure; reperfusion, fibrinolysis
or primary percutaneous coronary intervention [PCI]; revascularisation, PCI
or coronary artery bypass graft [CABG] surgery ACEi, angiotensin
converting enzyme ARB, angiotensin receptor blocker; -, not applicable.
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Table S3. Baseline characteristics stratified by sex and age group for STEMI
STEMI N=60,712
Women (N=20,140)
Men (N=40,572)
≤55
55-65
66-75
76-85
>85
≤55
55-65
66-75
76-85
Diabetes
292 (16.1%)
482 (15.1%)
888 (18.1%)
1,310 (19.2%)
552 (16.2%)
809 (10.5%)
1,573 (13.6%)
1,758 (16.1%)
1,505 (18.3%)
Myocardial infarction
88 (4.9%)
230 (7.2%)
465 (9.5%)
930 (13.7%)
633 (18.6%)
466 (6.1%)
1,093 (9.4%)
1,511 (13.9%)
1,690 (20.6%)
Heart failure
27 (1.5%)
53 (1.7%)
179 (3.7%)
540 (7.9%)
470 (13.8%)
56 (0.7%)
181 (1.6%)
387 (3.6%)
645 (7.8%)
PCI
57 (3.2%)
145 (4.5%)
219 (4.5%)
216 (3.2%)
84 (2.5%)
327 (4.3%)
732 (6.3%)
772 (7.1%)
535 (6.5%)
CABG
15 (0.8%)
50 (1.6%)
117 (2.4%)
178 (2.6%)
55 (1.6%)
103 (1.3%)
341 (2.9%)
562 (5.2%)
535 (6.5%)
Cerebrovascular disease
35 (1.9%)
123 (3.8%)
318 (6.5%)
807 (11.9%)
492 (14.4%)
125 (1.6%)
406 (3.5%)
788 (7.2%)
1,062 (12.9%)
PVD
26 (1.4%)
71 (2.2%)
212 (4.3%)
337 (5.0%)
187 (5.5%)
61 (0.8%)
212 (1.8%)
452 (4.2%)
435 (5.3%)
Chronic renal failure
31 (1.7%)
35 (1.1%)
82 (1.7%)
134 (2.0%)
90 (2.6%)
47 (0.6%)
127 (1.1%)
183 (1.7%)
254 (3.1%)
Hypertension
576 (31.8%)
1,310 (40.9%)
2,302 (46.9%)
3,672 (53.9%)
1,864 (54.7%)
1,797 (23.4%)
3,986 (34.4%)
4,370 (40.1%)
3,604 (43.8%)
COPD
45 (2.5%)
224 (7.0%)
419 (8.5%)
513 (7.5%)
157 (4.6%)
58 (0.8%)
320 (2.8%)
562 (5.2%)
576 (7.0%)
Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary disease.

>85
327 (15.0%)
518 (23.7%)
257 (11.8%)
74 (3.4%)
85 (3.9%)
365 (16.7%)
127 (5.8%)
106 (4.9%)
944 (43.2%)
140 (6.4%)
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Table S4. Baseline characteristics stratified by sex and age group for NSTEMI
NSTEMI N=119,656
Women (N=45,254)
Men (N=74,402)
≤55
55-65
66-75
76-85
>85
≤55
55-65
66-75
76-85
Diabetes
536 (18.5%)
1,258 (22.1%)
2,759 (25.8%)
4,238 (24.9%)
1,719 (19.2%) 1,204 (13.7%) 3,409 (20.8%)
5,314 (25.3%)
5,188 (24.6%)
Myocardial infarction
213 (7.4%)
710 (12.5%)
1,979 (18.5%)
4,412 (25.9%)
2,812 (31.4%)
867 (9.8%)
2,808 (17.1%)
5,498 (26.1%)
7,329 (34.7%)
Heart failure
61 (2.1%)
252 (4.4%)
979 (9.2%)
2,793 (16.4%)
2,085 (23.3%)
183 (2.1%)
818 (6.0%)
2,130 (10.1%)
3,630 (17.2%)
PCI
130 (4.5%)
418 (7.3%)
903 (8.5%)
1,127 (6.6%)
279 (3.1%)
666 (7.6%)
1,729 (10.5%)
2,729 (13.0%)
2,230 (10.6%)
CABG
57 (2.0%)
246 (4.3%)
685 (6.4%)
1,154 (6.8%)
351 (3.9%)
275 (3.1%)
1,341 (8.2%)
2,966 (14.1%)
3,388 (16.0%)
Cerebrovascular disease
87 (3.0%)
298 (5.2%)
1,061 (9.9%)
2,484 (14.6%)
1,405 (15.7%)
199 (2.3%)
898 (5.5%)
2,258 (10.7%)
3,566 (16.9%)
PVD
61 (2.1%)
263 (4.6%)
709 (6.6%)
1,399 (8.2%)
689 (7.7%)
121 (1.4%)
571 (3.5%)
1,628 (7.7%)
2,169 (10.3%)
Chronic renal failure
87 (3.0%)
148 (2.6%)
343 (3.2%)
595 (3.5%)
349 (3.9%)
168 (1.9%)
364 (2.2%)
769 (3.7%)
1,231 (5.8%)
Hypertension
945 (32.7%)
2,589 (45.4%)
5,856 (54.8%) 10,005 (58.8%)
5,061 (56.6%) 2,631 (29.9%) 6,994 (42.6%) 10,260 (48.8%)
10,440 (49.4%)
COPD
94 (3.3%)
512 (9.0%)
1,333 (12.5%)
1,653 (9.7%)
538 (6.0%)
115 (1.3%)
704 (4.3%)
1,686 (8.0%)
2,109 (10.0%)
Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary disease.

>85
1,269 (18.1%)
2,690 (38.4%)
1,621 (23.1%)
409 (5.8%)
729 (10.4%)
1,268 (18.1%)
552 (7.9%)
459 (6.5%)
3,111 (44.4%)
594 (8.5%)
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Table S5. Unadjusted and adjusted odd ratios with 95% CIs for STEMI and NSTEMI women who received treatment at discharge compared with men
Treatments at discharge

STEMI (N=60,712)
NSTEMI (N=119,656)
Unadjusted
P value
Adjusted*
P value
Unadjusted
P value
Adjusted*
P value
Aspirin
0.61 (0.57-0.64)
<0.001
0.84 (0.79-0.89)
<0.001
0.71 (0.69- 0.74)
<0.001
0.85 (0.82-0.88)
<0.001
β–blockers
0.67 (0.64-0.70)
<0.001
0.88 (0.84-0.93)
<0.001
0.83 (0.81-0.86)
<0.001
0.97 (0.93-1.00)
0.047
Statin
0.47 (0.45-0.49)
<0.001
0.76 (0.72-0.80)
<0.001
0.54 (0.53-0.56)
<0.001
0.75 (0.73-0.77)
<0.001
ACEi or ARB
0.68 (0.65-0.71)
<0.001
0.78 (0.74-0.81)
<0.001
0.83 (0.81-0.85)
<0.001
0.86 (0.84-0.89)
<0.001
P2Y12 inhibitors
0.59 (0.57-0.61)
<0.001
0.83 (0.80- 0.87)
<0.001
0.70 (0.69-0.72)
<0.001
0.87 (0.85-0.89)
<0.001
Reperfusion
0.57 (0.55-0.59)
<0.001
0.80 (0.77-0.84)
<0.001
Revascularisation
0.46 (0.44-0.48)
<0.001
0.66 (0.63-0.69)
<0.001
0.46 (0.45-0.47)
<0.001
0.57 (0.55-0.58)
<0.001
ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; reperfusion, fibrinolysis or primary percutaneous coronary intervention
[PCI]; revascularisation, PCI or coronary artery bypass graft [CABG] surgery; -, not applicable.
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