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Aims Ischaemic heart disease persists as the leading cause of death in both men and women in most countries and sex
disparities, defined as differences in health outcomes and their determinants, may be relevant. We examined sex
disparities in presenting characteristics, treatment and all-cause mortality in patients hospitalized with myocardial
infarction (MI) or angina.

...................................................................................................................................................................................................
Methods
and results

We conducted a cohort study of all patients admitted with MI or angina (01 October 2013 to 30 June 2016) from a
secondary care acute coronary syndrome e-Registry in NHS Scotland linked with national registers of community
drug dispensation and mortality data. A total of 7878 patients hospitalized for MI or angina were prospectively
included; 3161 (40%) were women. Women were older, more deprived, had a greater burden of comorbidity, were
more often treated with guideline-recommended therapy preadmission and less frequently received immediate inva-
sive management. Men were more likely to receive coronary angiography [adjusted odds ratio (OR) 1.52, confidence
interval (CI) 1.37–1.68] and percutaneous coronary intervention (adjusted OR 1.68, CI 1.52–1.86). Women were less
comprehensively treated with evidence-based therapies post-MI. Women had worse crude survival, primarily those
with ST-elevation myocardial infarction (14.3% vs. 8.0% at 1 year, P < 0.001), but this finding was explained by differen-
ces in baseline factors. Men with non-ST-elevation myocardial infarction had a higher risk of all-cause death at 30 days
[adjusted hazard ratio (HR) 1.72, CI 1.16–2.56] and 1 year (adjusted HR 1.38, CI 1.12–1.69).

...................................................................................................................................................................................................
Conclusion After taking account of baseline risk factors, sex differences in treatment pathway, use of invasive management, and

secondary prevention therapies indicate disparities in guideline-directed management of women hospitalized with
MI or angina.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Sex disparities • Myocardial infarction • Coronary angiography • Percutaneous coronary intervention

• Outcomes

Introduction

Ischaemic heart disease persists as the leading global cause of death.1

Myocardial infarction (MI) accounts for a large proportion of death

due to cardiovascular disease. Between 2007 and 2016, age-sex
standardized mortality for MI in Scotland fell by 42.5% from 129 to
74 per 100 000 population2—a trend also apparent in
other countries.3,4 Despite improvements in survival, considerable
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disparities exist according to sex in terms of delivery of
guideline-recommended treatments and outcomes following MI, sug-
gesting women may be disadvantaged.5

Use of high-sensitivity troponin assays with sex-specific thresholds
increases the detection of MI in women.6 However, women are less
likely to undergo percutaneous coronary intervention (PCI) and are
more often subject to underutilization of evidence-based secondary
preventative pharmacotherapy.5,7,8 Differences in adoption of inva-
sive management may, in part, be explained by a perception held by
clinicians and patients that outcomes are worse for women receiving
PCI, as well as differences in symptoms and baseline risk profile which
may impact clinical decision-making.9 Adverse events post-MI, includ-
ing cardiogenic shock, heart failure, and death, remain more common
in women than in men, most notably in those with ST-elevation myo-
cardial infarction (STEMI).10,11 Whether sex remains an independent
predictor of adverse events despite adjustments for the higher risk-
profile of women, notably age, is less clear.

We hypothesized that sex-related differences in demographics and
comorbidity underpin disparities in the management and outcomes of
women and men hospitalized with MI or angina. We investigated this
hypothesis by analysis of a contemporary secondary care electronic
registry (e-Registry) using electronic patient records (EPRs) for
patients admitted to a complex regional healthcare network.12

Methods

Setting
Seven acute hospitals in the National Health Service (NHS) in Glasgow
and the West of Scotland form a complex healthcare system serving a
population of approximately 1.2 million. The Golden Jubilee National
Hospital is a regional cardiothoracic centre that provides invasive cardi-
ology services for this population. Electronic patient records were imple-
mented across all secondary care clinical and administration systems in
NHS Greater Glasgow and Clyde (GGC) and the Golden Jubilee
National Hospital by June 2012 enabling capture of key components of
hospital care. These EPRs have been combined into an e-Registry for
quality improvement and research.12

The Information Services Division is part of NHS National Services
Scotland and holds a range of health-related administrative data, including
information relating to medicines dispensed in the community within its
Prescribing Information System (PIS) database, morbidity collected
from all hospital admissions in the Scottish Morbidity Record 01
(SMR01) database and all deaths registered by National Records of
Scotland (NRS). Once data were extracted, identifiers were removed
and replaced with a pseudonymous identifier. The research team
accessed these pseudonymized datasets within a Safe Haven analytical
platform.13

Ethics and governance
The project was supported by the National Advisory Committee for
Coronary Heart Disease on behalf of the Scottish Government. The Joint
Working Project received ethical approval from the NHS GGC Local
Privacy Advisory Committee and was approved by hospital management
and the Caldicott Guardian for clinical governance in each health board.

Design and methodology
Data were extracted from EPRs for all admissions (01 October 2013 to
30 June 2016) with an International Statistical Classification of Diseases

(ICD-10) diagnosis of angina (I200-I209), MI (I210-I229), other ischaemic
heart disease (I240-I249), or heart failure (I50) to ensure complete cap-
ture of events. Data were deposited within an existing repository for
electronic health data and linked to electronic referrals for cardiovascular
procedures performed in the invasive centre. An executable system was
developed to identify, link and classify these records into episodes of care
as detailed in a previous project.12 Patients with a final diagnosis of MI or
angina were isolated and linked to PIS prescribing data, SMR01 data for
comorbidities and mortality data from NRS. This linked dataset was
analysed to look at patient characteristics, invasive cardiovascular proce-
dures, service delivery metrics, drug treatment and mortality. The pre-
specified primary outcomes were 30-day and 1-year all-cause mortality
(from date of admission). The receipt of cardiac interventions and
medical therapy at discharge, 6 months and 1 year post-discharge were
the pre-specified secondary outcomes.

Statistical analysis
Baseline characteristics were described using means with standard devia-
tions, total numbers with percentages, or medians with interquartile
ranges. Where all patients were analysed, this included unspecified MI.
Comparisons between men and women were made using appropriate
statistical tests (t-test/Mann–Whitney/v2/Fisher’s exact). Deprivation sta-
tus was identified based on home postcode and measured using quintiles
of the Scottish Index of Multiple Deprivation (SIMD) 2012 measure.14

Quintile 1 represents the highest level of deprivation with quintile 5 rep-
resenting the least deprived. The top 20% most deprived data zones in
Scotland are in quintile 1, and the distribution of Glasgow’s data zones is
49%, 19%, 13%, 10.5% and 8.5% (Q1–Q5).15 A Charlson comorbidity
score was derived using standard procedures and ICD-10 codes included
the hospital admission records (SMR01).16 Pre-admission medical ther-
apy and medical therapy at discharge were defined as fulfilment of pre-
scription within 90 days pre-admission and post-discharge, respectively.
Medical therapy at 6 months and at 1 year were defined as fulfilment of
prescription at 6 months or 1 year post-discharge ±45 days.

To analyse the relationship between sex and medical treatment, three
analyses using mixed effects logistic models were performed for each
drug and drug combination: (i) for patients alive at discharge, fulfilling a
prescription claim within 90 days of discharge, (ii) for patients discharged
with treatment and alive at 6 months post-discharge, fulfilling a prescrip-
tion claim at 6 months post-discharge, and (iii) for patients discharged
with treatment and alive at 1 year post-discharge, fulfilling a prescription
claim at 1 year post-discharge. Analyses were adjusted for age, SIMD
quintile, use of the respective drug within 90 days pre-admission, comor-
bidities, and PCI. Furthermore, we adjusted for clustering at the discharge
hospital level. When analysing the association of sex with use of drug
combinations, pre-admission drug use was not adjusted for. Multivariable
logistic regression was used to evaluate the association of sex and base-
line factors with invasive management. Cox proportional hazards regres-
sion was used to evaluate the association of sex with all-cause mortality.
Kaplan–Meier survival curves were generated for all-cause death and sex
differences were assessed using a log-rank test. Analyses were conducted
using SAS Enterprise Guide (v5.1).

Results

Baseline characteristics
There were 7878 patients admitted with MI or angina between 1
October 2013 and 30 June 2016, including 3161 (40.1%) women
(Table 1). Diagnosis of STEMI was made in 2042 (25.9%) patients,
non-ST-elevation myocardial infarction (NSTEMI) in 3957 (50.2%)
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Table 1 Baseline demographics and management for all patients according to sex

All (n 5 7878) Men (n 5 4717) Women (n 5 3161) P-value

Age (years), mean ± SD 66.3 ± 13.7 64.0 ± 13.0 69.7 ± 13.9 <0.001

SIMD quintile, n (%) <0.001

1 (most deprived) 3265 (41.5) 1865 (39.5) 1400 (44.3) 0.002a

2 1418 (18.0) 833 (17.7) 585 (18.5)

3 1126 (14.3) 720 (15.3) 406 (12.8)

4 993 (12.6) 623 (13.2) 370 (11.7)

5 1074 (13.6) 675 (14.3) 399 (12.6)

Diagnosis, n (%) <0.001

STEMI 2042 (25.9) 1399 (29.7) 643 (20.3)

NSTEMI 3957 (50.2) 2322 (49.2) 1635 (51.7)

HA 1425 (18.1) 749 (15.9) 676 (21.4)

Unspecified MI 454 (5.8) 247 (5.2) 207 (6.5)

Comorbidities, n (%)

Hypertension 1920 (24.4) 986 (20.9) 934 (29.5) <0.001

Diabetes 1172 (14.9) 672 (14.2) 500 (15.8) 0.055

Atrial fibrillation 822 (10.4) 431 (9.1) 391 (12.4) <0.001

Renal failure 836 (10.6) 416 (8.8) 420 (13.3) <0.001

Respiratory disease 1186 (15.1) 579 (12.3) 607 (19.2) <0.001

Cerebrovascular disease 511 (6.5) 253 (5.4) 258 (8.2) <0.001

Peripheral vascular disease 572 (7.3) 340 (7.2) 232 (7.3) 0.826

Heart failure 794 (10.1) 442 (9.4) 352 (11.1) 0.012

Previous myocardial infarction 1571 (19.9) 967 (20.5) 604 (19.1) 0.130

Dementia 152 (1.9) 63 (1.3) 89 (2.8) <0.001

Depression 165 (2.1) 68 (1.4) 97 (3.1) <0.001

Charlson score <0.001

0 4322 (54.9) 2701 (57.3) 1621 (51.3)

1–3 2979 (37.8) 1708 (36.2) 1271 (40.2)

>_4 577 (7.3) 308 (6.5) 269 (8.5)

Pre-admission medical therapy, n (%)

Anticoagulant

Warfarin 340 (4.3) 175 (3.7) 165 (5.2) 0.001

Any anticoagulant 463 (5.9) 239 (4.9) 224 (7.1) <0.001

Antiplatelet

Aspirin 2595 (32.9) 1524 (32.3) 1071 (33.9) 0.145

Clopidogrel 743 (9.4) 381 (8.1) 362 (11.5) <0.001

Ticagrelor 110 (1.5) 66 (1.4) 52 (1.6) 0.379

Any antiplatelet 3134 (39.8) 1792 (38.0) 1342 (42.5) <0.001

Dual antiplatelet 312 (4.0) 173 (3.7) 139 (4.4) 0.104

Statin 3523 (44.7) 2040 (43.2) 1483 (46.9) 0.001

Beta-blocker 2542 (32.3) 1440 (30.5) 1102 (34.9) <0.001

ACE inhibitor or ARB 2739 (34.8) 1612 (34.2) 1127 (35.7) 0.177

Mineralocorticoid receptor antagonist 145 (1.8) 86 (1.8) 59 (1.9) 0.889

Combined therapy

Anticoagulant or antiplatelet 3517 (44.6) 1984 (42.1) 1533 (48.5) <0.001

Anticoagulant or dual antiplatelet 770 (9.8) 407 (8.6) 363 (11.5) <0.001

Anticoagulant or anticoagulant þ antiplatelet 463 (5.9) 239 (5.1) 224 (7.1) <0.001

Anticoagulant or anticoagulant þ dual antiplatelet 463 (5.9) 239 (5.1) 224 (7.1) <0.001

>_3 medications 2488 (31.6) 1483 (31.4) 1005 (31.8) 0.740

Type of admission, n (%)

Emergency to invasive centre 1473 (18.7) 1035 (21.9) 438 (13.9) <0.001

Non-emergency to invasive centre 997 (12.7) 636 (13.5) 361 (11.4) 0.007

Emergency to local hospital 4986 (63.3) 2783 (59.0) 2203 (69.7) <0.001

Continued
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patients, hospitalized angina in 1425 (18.1%) patients, and in 454
(5.8%) patients the MI type was unspecified. Women were older
than men (69.7 years vs. 64.0 years, P < 0.001) and were relatively
more deprived (75.7% vs. 72.5% in SIMD Q1–3, P = 0.002). Diagnosis
of STEMI was less common in women than men (20.3% vs. 29.7%,
P < 0.001), but women had a higher proportion of NSTEMI and
hospitalized angina. Comorbidity differed according to sex both in
terms of higher Charlson scores and an increased proportion of indi-
vidual comorbid diseases in women, who more frequently had hyper-
tension, atrial fibrillation, renal failure, respiratory disease,
cerebrovascular disease, stroke, heart failure, dementia, and depres-
sion. Compared to men, women were more often treated with sta-
tins (46.9% vs. 43.2%, P = 0.001), beta-blockers (34.9% vs. 30.5%,
P < 0.001), and anticoagulants or antiplatelets (48.5% vs. 42.1%,
P < 0.001) pre-admission.

Invasive management
Approximately 16% fewer women than men underwent coronary
angiography (52.1% vs. 68.2%, P < 0.001) and PCI (30.3% vs. 46.5%,
P < 0.001) (Table 1). Amongst those who had a coronary angiogram,
women received PCI 10% less frequently than men (58.1% vs. 68.1%,
P < 0.001). The difference in median duration of hospital stay was
1 day (5 days for women vs. 4 days for men, P < 0.001). In patients
with STEMI, 6.2% fewer women than men were transferred for im-
mediate invasive management (63.6% vs. 69.8%, P = 0.005) and the
median door-to-balloon time was longer for women (23 min vs.
21 min, P < 0.001) (Supplementary material online, Table S1A). We
also examined the effect of age on door-to-balloon time; in those
65 years and older, the median time was 3 min longer for women
than for men (24 min vs. 21 min, P < 0.001), whereas no difference
existed in those under 65 years (21 min vs. 21 min, P = 0.229) (data
not shown).

The sex differences in demographic characteristics were similar
for patients with STEMI and NSTEMI (Supplementary material online,
Table S1A and B). In patients hospitalized with angina, there were
fewer differences although women were older and less frequently
received invasive management (Supplementary material online, Table
S1C).

Predictors of coronary angiography and
percutaneous coronary intervention
After adjusting for differences in age, deprivation and comorbidities,
sex was an independent predictor of both coronary angiography and
PCI in all patients (Table 2). For patients with STEMI, men were more
likely to receive coronary angiography [adjusted odds ratio (OR)
1.44, confidence interval (CI) 1.05–1.97] and PCI (adjusted OR 1.62,
CI 1.28–2.05). The same was true for patients with NSTEMI (coron-
ary angiography adjusted OR 1.48, CI 1.26–1.75, PCI adjusted OR
1.52, CI 1.32–1.76).

Several baseline characteristics were found to be independently
associated with lower use of coronary angiography and PCI in
patients with MI including older age, prior MI in STEMI, and heart fail-
ure in NSTEMI (Figure 1A and B). There were few major sex differen-
ces within subgroups; most notably, in those with NSTEMI and renal
failure men were less likely than women to receive PCI, and in those
with NSTEMI and dementia women were less likely than men to re-
ceive coronary angiography and PCI.

Medical therapy post-myocardial
infarction
Women were less frequently treated with antiplatelets than men
(with no greater treatment with anticoagulants), with a difference at
1 year of 2.8% (P = 0.037) (Figure 2). At 1 year, women were also less
often prescribed statins (3.8% difference, P = 0.005) and angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor blockers
(ARBs) (4.3% difference, P = 0.003). A similar pattern was seen in the
NSTEMI group (Supplementary material online, Figure S1B). In this
group, women were also less frequently treated with beta-blockers
at 1 year. Drug therapy was similar for men and women at 1 year in
the STEMI and hospitalized angina groups, other than anticoagulants,
with which fewer women than men hospitalized with angina were
treated (Supplementary material online, Figure S1A and C). In patients
with STEMI or hospitalized angina, sex was not an independent pre-
dictor of treatment with antiplatelets, statins, ACE inhibitors or
ARBs, or beta-blockers at 1 year (Supplementary material online,
Table S2). Conversely, in NSTEMI men were 20–32% more likely
than women to be treated with statins, ACE inhibitors or ARBs, or
beta-blockers at 1 year.

....................................................................................................................................................................................................................

Table 1 Continued

All (n 5 7878) Men (n 5 4717) Women (n 5 3161) P-value

Non-emergency to local hospital 422 (5.4) 263 (5.6) 159 (5.0) 0.292

Coronary angiography, n (%)

All 4866 (61.8) 3219 (68.2) 1647 (52.1) <0.001

PCI 3149 (40.0) 2192 (46.5) 957 (30.3) <0.001

64.7b 68.1b 58.1b <0.001

Length of stay (days), median (IQR) 4 (2–7) 4 (2–7) 5 (2–8) <0.001

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; HA, hospitalized angina; IQR, interquartile range; NSTEMI, non-ST-elevation myocardial infarction;
PCI, percutaneous coronary intervention; SD, standard deviation; SIMD, Scottish Index of Multiple Deprivation; STEMI, ST-elevation myocardial infarction.
aP-value for SIMD Q1–Q3 vs Q4–Q5.
bThose who had PCI as a proportion of those who underwent coronary angiography.

Sex disparities in MI 159
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjqcco/article/6/2/156/5538976 by guest on 20 April 2024

Deleted Text: hospitalised 
Deleted Text: -
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: hospitalised 
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: s
Deleted Text: s
Deleted Text: <italic>p</italic>
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
Deleted Text: utes
Deleted Text: s
Deleted Text: s
Deleted Text: <italic>p</italic>
Deleted Text: s
Deleted Text: s
Deleted Text: <italic>p</italic>
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
Deleted Text: hospitalised 
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
Deleted Text: PCI
Deleted Text: (
Deleted Text: : 
Deleted Text: : 
Deleted Text: -
Deleted Text: ) 
Deleted Text: :
Deleted Text: :
Deleted Text: -
Deleted Text: :
Deleted Text: :
Deleted Text: -
Deleted Text: :
Deleted Text: :
Deleted Text: -
Deleted Text: MI
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
Deleted Text: hospitalised 
Deleted Text: hospitalised 
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
Deleted Text: hospitalised 
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcz040#supplementary-data
Deleted Text: -


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
Death
Case-fatality at 30 days was 4.9% in all patients, 6.9% in STEMI
patients, and 2.9% in NSTEMI patients (Table 3). Case-fatality at 1 year
was 10.9% in all patients, 10% in STEMI and NSTEMI patients, and
5.1% in patients hospitalized for angina. Survival was worse for
women than for men, driven by marked differences in outcomes in
STEMI (Figure 3); in this group, 6.3% more women than men had died
by 1 year (14.3% vs. 8.0%, P < 0.001). However, after adjustment for
baseline demographics, comorbidities, and PCI, the association be-
tween sex and mortality after STEMI was not significant and male sex
emerged as an independent predictor of death in patients with
NSTEMI (1-year hazard ratio 1.38, CI 1.12–1.69) (Table 3). A sub-
group analysis of patients treated with PCI showed similar results
(data not shown). Analysis of age-stratified groups (<65 years and
>_65 years) did not consistently show significant differences by sex,
but this may be due to small numbers of events in the subgroups
(Supplementary material online, Figure S2).

Discussion

In this study of 7878 patients with hospitalized MI or angina from
2013 to 2016, we found that women had a higher crude rate of death
but, after accounting for baseline risk factors, men were more likely
to die following NSTEMI, with no difference for patients with STEMI
or hospitalized angina. After taking account of baseline risk factors,
there remain sex disparities for patients with MI related to treatment
times, invasive management and use of secondary prevention thera-
pies. Our findings highlight the need for renewed focus on achieving
health and healthcare equity for women and men through
prioritization of guideline-directed management.

Our analysis serves evidence of the persistently high crude mortal-
ity event rate in women, particularly with STEMI. We found that
death from any cause was 2.6% more common amongst women than
men at 1 year, driven predominantly by deaths in the STEMI popula-
tion, for whom the crude difference was in excess of 6%. The survival
curves for men and women with STEMI separate almost immediately,
and this is reflected in the 3.6% mortality difference as early as
30 days. In this study, the crude differences were explained by the
older age of women compared to men, greater burden of comorbid-
ity, higher relative degree of deprivation, and reduced access to cor-
onary angiography and PCI.

We have included a comprehensive indicator of social deprivation,
which measures deprivation across seven weighted domains. In our
study, women were more often from deprived socioeconomic
groups. Socioeconomic deprivation is strongly linked with poorer
outcomes in MI and in women the effect is more prominent.17 In
Scotland, rates of coronary revascularization have increased across
all deprivation categories over the past 10 years with the exception
of the least deprived.2

Important sex differences in cardiovascular risk factors are evident;
diabetes and hypertension are more common in women (particularly
younger women), and they may increase risk more in women than
men.18 There are a number of other risk factors specific to women,
including hypertensive disorders of pregnancy and pregnancy-related
diabetes mellitus, which are associated with a higher later cardiovas-
cular risk.19 We evaluated additional important comorbidities, not-
ably dementia and depression. Although we must interpret the
results with caution due to small numbers of patients identified with
each condition, the presence of dementia was associated with a
lower likelihood of coronary angiography. Dementia likely serves as a
disincentive for clinicians and the families of affected patients to adopt
invasive management. It’s rising prevalence and emergence as a

........................................................................... ...........................................................................

....................................................................................................................................................................................................................

Table 2 Association of sex with coronary angiography and PCI according to diagnosis (odds ratio and 95% confidence
interval shown for men vs. women)

Coronary angiography PCI

OR (95% CI) P-value C-statistic OR (95% CI) P-value C-statistic

All

Age-adjusteda 1.57 (1.42–1.73) <0.001 0.699 1.70 (1.54–1.88) <0.001 0.659

Multivariable-adjustedb 1.52 (1.37–1.68) <0.001 0.733 1.68 (1.52–1.86) <0.001 0.696

STEMI

Age-adjusteda 1.29 (0.96–1.73) 0.086 0.690 1.51 (1.21–1.89) <0.001 0.626

Multivariable-adjustedb 1.44 (1.05–1.97) 0.023 0.775 1.62 (1.28–2.05) <0.001 0.686

NSTEMI

Age-adjusteda 1.55 (1.33–1.81) <0.001 0.761 1.57 (1.37–1.81) <0.001 0.645

Multivariable-adjustedb 1.48 (1.26–1.75) <0.001 0.790 1.52 (1.32–1.76) <0.001 0.670

HA

Age-adjusteda 1.44 (1.05–1.99) 0.026 0.610 2.18 (1.30–3.68) 0.003 0.625

Multivariable-adjustedb 1.43 (1.02–1.99) 0.037 0.675 2.25 (1.32–3.84) 0.003 0.696

HA, hospitalized angina; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.
aAdjusted for age only.
bAdjusted for age, Scottish Index of Multiple Deprivation quintile, hypertension, diabetes, atrial fibrillation, renal failure, respiratory disease, cerebrovascular disease, peripheral
vascular disease, heart failure, previous myocardial infarction, dementia, and depression.
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Figure 1 (A) Association of baseline characteristics with coronary angiography according to sex for ST-elevation myocardial infarction and non-
ST-elevation myocardial infarction (adjusted odds ratioa and 95% confidence interval shown for 10-year increase in age, most vs. least deprived,
presence vs. absence of comorbidity). (B) Association of baseline characteristics with percutaneous coronary revascularization according to sex for
ST-elevation myocardial infarction and non-ST-elevation myocardial infarction (adjusted odds ratioa and 95% confidence interval shown for 10-year
increase in age, most vs. least deprived, presence vs. absence of comorbidity). aAdjusted for age, Scottish Index of Multiple Deprivation quintile,
hypertension, diabetes, atrial fibrillation, renal failure, respiratory disease, cerebrovascular disease, peripheral vascular disease, heart failure, previous
myocardial infarction, dementia, depression, plus sex in the ‘all’ group (excluding the variable being examined).
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..leading cause of death in women in several countries will increase the
magnitude of this disparity.20,21 Large trials to investigate the appro-
priate treatment strategy for older patients with MI, including those
with dementia, are underway.22,23

We found that an invasive strategy was used less often in the man-
agement of women with MI than it was for men, and this mirrors

existing literature.5,7,24,25 Women were less likely to undergo coron-
ary angiography and PCI. Our analyses suggest that this factor may, in
part, explain why crude survival is worse for women than it is for
men. There are several reasons why this discrepancy may exist.
There were notable differences in route of admission to hospital,
with fewer women than men taken directly to the catheterization
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Table 3 All-cause death at 30 days and 1 year according to sex and diagnosis (adjusted hazard ratioa and 95% confi-
dence interval shown for men vs. women)

All Men Women P-value HR (95% CI) P-value

All n = 7878 n = 4717 n = 3161

All-cause death, n (%)

30 days 386 (4.9) 216 (4.6) 170 (5.4) 0.107 1.28 (1.04–1.57) 0.022

1 year 861 (10.9) 465 (9.9) 396 (12.5) <0.001 1.21 (1.06–1.40) 0.006

STEMI n = 2042 n = 1399 n = 643

All-cause death, n (%)

30 days 140 (6.9) 80 (5.7) 60 (9.3) 0.003 1.00 (0.70–1.43) 0.985

1 year 204 (10.0) 112 (8.0) 92 (14.3) <0.001 0.95 (0.71–1.27) 0.713

NSTEMI n = 3957 n = 2322 n = 1635

All-cause death, n (%)

30 days 111 (2.8) 66 (2.8) 45 (2.8) 0.866 1.72 (1.16–2.56) 0.007

1 year 396 (10.0) 220 (9.5) 176 (10.8) 0.183 1.38 (1.12–1.69) 0.002

HA n = 1425 n = 749 n = 676

All-cause death, n (%)

30 days 9 (0.6) <9 <9 0.625 0.55 (0.13–2.31) 0.416

1 year 73 (5.1) 39 (5.2) 34 (5.0) 0.880 1.19 (0.74–1.91) 0.486

HA, hospitalized angina; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction.
aAdjusted for age, Scottish Index of Multiple Deprivation quintile, hypertension, diabetes, atrial fibrillation, renal failure, respiratory disease, cerebrovascular disease, peripheral
vascular disease, heart failure, previous myocardial infarction, dementia, depression, and percutaneous coronary intervention.
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Figure 3 Kaplan–Meier curves for all-cause death according to sex and diagnosis.
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laboratory irrespective of MI type. This will incur delays to
revascularization and may reduce the likelihood of coronary angiog-
raphy altogether. Differences in admission route may be explained by
greater diagnostic uncertainty amongst women, who report non-
specific or atypical symptoms more often than men.26 Data on the
time between symptom-onset and first contact with medical services
would highlight delays in presentation, when the benefits of emergent
coronary revascularization are less certain. Finally, emergency care
decisions regarding coronary angiography and PCI in women may be
influenced by smaller coronary anatomy, more technically challenging
vascular access (the excess door-to-balloon time seen in older
women in this study may also reflect this), and greater risk of
procedure-related complications and post-procedural mortality.25

Although bleeding complications remain more prevalent in women
despite accounting for age, comorbidity and medication use, major
adverse cardiac events are largely explained by baseline factors such
as these.25,27

A further important finding of our study is that male sex was inde-
pendently associated with a higher risk of death in patients with
NSTEMI. This association has been recognized previously and high-
lights the importance of evaluating subtypes of MI separately.28,29 The
reason for this is likely multifactorial. One possible explanation is that
women have less obstructive coronary artery disease than men and,
in post-menopausal women, more efficient vascular tissue repair.30

Differences in provision of primary preventative medical therapy may
also contribute towards the findings. Finally, we lack data on cigarette
smoking. In MI, smoking is not only more prevalent in men than in
women5,24 but is also thought to be associated with different patho-
logic mechanisms—predominantly plaque rupture and acute throm-
bosis in men, and plaque erosion with superimposed thrombosis in
women.31

Our study has a number of limitations. In addition to those that are
inherent to the retrospective design, we were unable to include sev-
eral important prognostic variables, including haematological and bio-
chemical bloods tests, biomarkers, haemodynamics, left ventricular
systolic function, coronary anatomy and extent of disease. We lack
information regarding rates of prior PCI, subsequent coronary artery
bypass grafting and symptom-burden after the event. However,
women are less likely than men to undergo coronary artery bypass
grafting and, even in the absence of adjusting for this, the crude asso-
ciation between female sex and death was removed. A further con-
founder is lack of data on sex of the treating physician; female
patients with MI treated by male physicians are less likely to
survive than if treated by female physicians, and greater male
physician-experience in treating female patients is linked to better
outcomes.32

Conclusion

Survival at 30 days and 1 year following STEMI is worse for women
than for men. However, this is explained by relative differences in
baseline characteristics such as older age, greater deprivation, more
prevalent comorbidity, and lower rates of coronary angiography and
PCI. Differences in the use of evidence-based drug therapy following
MI also exist, with women at a disadvantage. Amongst patients with
NSTEMI, male sex is an independent predictor of mortality. Efforts to

address these sex disparities should be directed towards better
understanding the differences in baseline risk and care pathways in
order to highlight areas that would benefit from target, sex-specific
intervention.

Supplementary material

Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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18. Yusuf PS, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F et al. Effect of po-
tentially modifiable risk factors associated with myocardial infarction in 52 coun-
tries (the INTERHEART study): case-control study. Lancet 2004;364:937–952.

19. Fraser A, Nelson SM, Macdonald-Wallis C, Cherry L, Butler E, Sattar N et al.
Associations of pregnancy complications with calculated cardiovascular disease
risk and cardiovascular risk factors in middle age: the Avon Longitudinal Study of
Parents and Children. Circulation 2012;125:1367–1380.

20. National Records of Scotland. Vital Events Reference Tables 2017. Section 6:
Deaths—Causes. https://www.nrscotland.gov.uk/statistics-and-data/statistics/sta
tistics-by-theme/vital-events/general-publications/vital-events-reference-tables/
2017/section-6-death-causes (27 November 2018).

21. Public Health England. Research and Analysis. Chapter 2: major causes of death
and how they have changed. 2017. https://www.gov.uk/national-curriculum/key-
stage-3-and-4 (27 November 2018).

22. The British Heart Foundation SENIOR-RITA Trial (SENIOR-RITA). Clinical
Trials.gov Identifier: NCT03052036.

23. Revascularisation or medical therapy in elderly patients with acute anginal syn-
dromes (RINCAL). ClinicalTrials.gov Identifier: NCT02086019.

24. Anand SS, Xie CC, Mehta S, Franzosi MG, Joyner C, Chrolavicius S et al.
Differences in the management and prognosis of women and men who suffer
from acute coronary syndromes. J Am Coll Cardiol 2005;46:1845–1851.

25. Lansky AJ, Hochman JS, Ward PA, Mintz GS, Fabunmi R, Berger PB et al.
Percutaneous coronary intervention and adjunctive pharmacotherapy in women:
a statement for healthcare professionals from the American Heart Association.
Circulation 2005;111:940–953.

26. Canto JG, Rogers WJ, Goldberg RJ, Peterson ED, Wenger NK, Vaccarino V et al.
Association of age and sex with myocardial infarction symptom presentation and
in-hospital mortality. JAMA 2012;307:813–822.

27. Hess CN, McCoy LA, Duggirala HJ, Tavris DR, O’Callaghan K, Douglas PS et al.
Sex-based differences in outcomes after percutaneous coronary intervention for
acute myocardial infarction: a report from TRANSLATE-ACS. J Am Heart Assoc
2014;3:1–10.

28. Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Armstrong PW et al. Sex dif-
ferences in mortality following acute coronary syndromes. J Am Med Assoc 2009;
302:874–882.

29. Champney KP, Frederick PD, Bueno H, Parashar S, Foody J, Merz CNB et al. The
joint contribution of sex, age and type of myocardial infarction on hospital mor-
tality following acute myocardial infarction. Heart 2009;95:895–899.

30. Vaccarino V, Badimon L, Corti R, de Wit C, Dorobantu M, Hall A et al.
Ischaemic heart disease in women: are there sex differences in pathophysiology
and risk factors?: position Paper from the Working Group on Coronary
Pathophysiology and Microcirculation of the European Society of Cardiology.
Cardiovasc Res 2011;90:9–17.

31. Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and cardiovas-
cular disease: an update. J Am Coll Cardiol 2004;43:1731–1737.

32. Greenwood BN, Carnahan S, Huang L. Patient-physician gender concordance
and increased mortality among female heart attack patients. Proc Natl Acad Sci
USA 2017;91:399–404.

Sex disparities in MI 165
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjqcco/article/6/2/156/5538976 by guest on 20 April 2024

https://www.nhsggc.org.uk/about-us/professional-support-sites/nhsggc-safe-haven/about-the-safe-haven/
https://www.nhsggc.org.uk/about-us/professional-support-sites/nhsggc-safe-haven/about-the-safe-haven/
http://simd.scotland.gov.uk/publication-2012/introduction-to-simd-2012/overview-of-the-simd/what-is-the-simd/
http://simd.scotland.gov.uk/publication-2012/introduction-to-simd-2012/overview-of-the-simd/what-is-the-simd/
http://simd.scotland.gov.uk/publication-2012
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/vital-events-reference-tables/2017/section-6-death-causes
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/vital-events-reference-tables/2017/section-6-death-causes
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/vital-events-reference-tables/2017/section-6-death-causes
https://www.gov.uk/national-curriculum/key-stage-3-and-4
https://www.gov.uk/national-curriculum/key-stage-3-and-4

	qcz040-TF1
	qcz040-TF2
	qcz040-TF3
	qcz040-TF4
	qcz040-TF5
	qcz040-TF6
	qcz040-TF7
	qcz040-TF8

