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Ischaemic Heart Disease

Women have a poorer prognosis following ST-elevation MI (STEMI) than 
men.1–7 Although sex-based differences in post-STEMI outcome are well 
documented, the reasons for these poorer outcomes in women are less 
well defined, which limits our ability to close this sex-based outcome gap. 
The role played by differences in the anatomical complexity of coronary 
artery disease or by multivessel disease (MVD) in sex-based outcome 

differences at long-term follow-up is not well established. There is an 
increasing recognition of the prognostic importance of MVD and 
incomplete revascularisation, but there is a paucity of data evaluating the 
degree to which sex-related differences in MVD and incomplete 
revascularisation perpetuate sex-based outcome disparities or persist 
over time.2,7–13 Recent studies have shown that women less frequently 
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Abstract
Objective: To investigate the extent to which multivessel disease, incomplete revascularisation and prescribing differences contribute to sex-
based outcome disparities in patients with ST-elevation MI (STEMI) and establish whether differences in cardiac death and MI (CDMI) rates 
persist at long-term follow-up. Methods and results: This observational study evaluates sex-based outcome differences (median follow-up 
3.6 years; IQR [2.4–5.4]) in a consecutive cohort of patients (n=2,083) presenting with STEMI undergoing percutaneous coronary intervention). 
Of the studied patients 20.3% (423/2,083) were women and 38.3% (810/2,083) had multivessel disease (MVD). Incomplete revascularisation 
was common. The median residual SYNTAX score (rSS) was 5.0 (IQR [0–9]) in women and 5.0 (IQR [1–11]) in men (p=0.369), and in patients with 
MVD it was 9 (IQR [6–17]) in women and 10 (IQR [6–15]) in men (p=0.838). The primary endpoint CDMI occurred in 20.3% of women (86/423) and 
in 13.2% of men (219/1,660) (p=0.028). Differences persisted following multivariable risk adjustment:  female sex was independently associated 
with CDMI (aHR 1.33; IQR [1.02–1.74]). Women with MVD had CDMI more often than all other groups (p<0.001 for all). Significant sex-based 
prescribing differences were evident: women were less likely to receive guideline-recommended potent P2Y12 inhibitors than men (31% versus 
43%; p=0.012), and differences were particularly evident in patients with MVD (25% in women versus 45% in men, p=0.011). Conclusion: Sex-
based differences in STEMI patient outcome persist at long-term follow-up. Poor outcomes were disproportionately found in women with MVD 
and those with rSS>8. Observed differences in P2Y12 prescribing practices may contribute to poor outcomes for women with MVD and incomplete 
revascularisation.

Keywords
Antiplatelet therapy, cardiac death, multivessel coronary artery disease, incomplete revascularisation, MI, women

Disclosures: SB is a committee member of ANZET, CSANZ, EAPCI, WIN-APSIC and Women-as-One and reports speaker fees/honoraria from AstraZeneca, Women-as-
One, Pfizer and Novartis outside of this work. LT is a board member of CNAZ and chair of the AAN. SZ reports consulting fees from Medtronic and speakers fees from 
Boehringer Ingelheim and AstraZeneca outside of this work. All other authors have no conflicts of interest to declare. 
Data availability: The data that support the findings of this study are available on request from the corresponding author. 
Authors’ contributions: Conceptualisation: SB, SZ, LT, CM, SL, JF; data curation: SB, IMS, WY, HI, AM, TN, KPR, CM, SL, JF; formal analysis: SB, TN, KPR, CM, SL, JF; 
funding acquisition: N/A; investigation: SB, JF, IMS, TN; methodology: SB, CM, SL, CPJ, JF, LT, TN; project administration: SB, TN, JF; resources: N/A; software: N/A; 
supervision: JF, CPJ; validation: N/A; visualisation: SB, SZ, KPR, JF; writing – original draft preparation: SB, JF, SZ; writing – review & editing: all authors. 
Ethics: This study was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki). Approval was granted by the Ethics 
Committee of Southwest Sydney Local Health District Human Research Ethics Committee (QA08/034).
Consent: Written informed consent was obtained if experimentation with human subjects was conducted. Included patients gave informed consent for data use in 
publications.
Received: 14 September 2022 Accepted: 7 December 2022 Citation: European Cardiology Review 2023;18:e10. DOI: https://doi.org/10.15420/ecr.2022.39
Correspondence: Sonya Burgess, Cardiology Department Nepean Hospital, Derby St, Kingswood, NSW 2751, Australia. E: Sonya.Burgess@health.nsw.gov.au

Open Access: This work is open access under the CC-BY-NC 4.0 License which allows users to copy, redistribute and make derivative works for non-commercial 
purposes, provided the original work is cited correctly.

https://orcid.org/0000-0001-5262-3064
https://orcid.org/0000-0002-5935-8619
https://orcid.org/0000-0001-5200-487X
https://orcid.org/0000-0001-5111-5025
https://orcid.org/0000-0001-6803-1071
https://orcid.org/0000-0001-9715-1662
https://orcid.org/0000-0001-6289-583X
https://orcid.org/0000-0001-6045-7780
https://orcid.org/0000-0003-0213-7652
https://orcid.org/0000-0002-7284-403X
https://orcid.org/0000-0002-9624-7301
https://orcid.org/0000-0002-9460-2621
mailto:Sonya.Burgess@health.nsw.gov.au
https://creativecommons.org/licenses/by-nc/4.0/legalcode


Sex, Drugs, MVD, rSS and STEMI

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

receive revascularisation and optimal medical therapy.2–4 A number of 
studies have demonstrated that in STEMI cohorts sex differences remain 
significant after multivariable risk adjustment, but many studies depend 
on relatively short follow-up periods of 30 days–6 months.1–7,14 To evaluate 
associations between sex, MVD, incomplete revascularisation, prescribing 
practices and early and late outcomes after STEMI we compared rates of 
cardiac death and MI between women and men with single-vessel 
disease (SVD) and MVD in a large cohort of consecutive percutaneous 
coronary intervention (PCI)-treated STEMI patients.

Methods
To evaluate sex-based differences in rates of cardiac death and MI 
between those with SVD and MVD from October 2003 to April 2014 a 
consecutive cohort of patients presenting with ST elevation treated with 
PCI during index hospitalisation from five Australian hospitals were 
studied as previously described.15 A CONSORT diagram is shown in 
Figure 1. Patients were included if treated with primary PCI, rescue PCI, or 
successful fibrinolysis followed by prognostic PCI. Patients with left main 
coronary artery (LMCA) stenosis, chronic total occlusion and cardiogenic 
shock were also included. Patients who received medical management 
only for their STEMI and those treated with urgent coronary artery bypass 
graft surgery without initial PCI were excluded (Figure 1). Ethics approval 
for clinical follow-up including direct patient contact was obtained from 
the Southwest Sydney Local Health District Human Research Ethics 
Committee (QA08/034), and all research activity was performed in 
accordance with the Declaration of Helsinki.

Angiographic, procedural and clinical data were prospectively collected 
as previously described.15 Long-term follow-up information was collected 
by contacting cardiologists, general practitioners, or patients/next of kin, 
and included a review of medical records, outpatient letters and laboratory 

results. A day 7 time point for events was also included in results, given 
that most outpatient staging would occur at >7 days, and most inpatient 
staging would be completed within 7 days of the primary event. This was 
to enable readers to hypothesise about or assess the potential impact of 
deferring non-culprit PCI to outpatient care. In patients from 2010 onwards 
the SYNTAX scores were calculated, and prescribing practices were 
included in captured data. Treatment decisions were made by the 
interventional cardiologist and/or attending consultant.

STEMI was defined as chest pain of ≥30 minutes’ duration and persistent 
ST-segment elevation ≥1 mm in two contiguous leads (or ≥2 mm in V2–V3) 
or new left bundle branch block with associated elevation in troponin T. 
MVD was defined as ≥70% stenosis in ≥2 major epicardial vessels; patients 
with LMCA stenosis ≥50% were also included in this definition. Sex was 
defined using patient-supplied information. Definitions for cardiogenic 
shock, diabetes, hypertension, smoking status, renal impairment and lesion 
complexity were defined as previously described, as were death, cardiac 
death, MI, target vessel revascularisation and definite stent thrombosis.15

Continuous variables are given as median and IQR for non-Gaussian 
variables and as the mean and standard deviation for Gaussian variables, 
and variables were compared using the Kruskal–Wallis test or two-sample 
t-tests as appropriate. Categorical variables are summarised as frequencies 
and percentages and were compared using the chi-squared test or Fisher’s 
exact test, as appropriate. Time-to-event outcomes were followed for 
events of interest; time was commenced at admission for STEMI; patients 
were censored at the time of last follow-up, and Kaplan–Meier analysis was 
performed. Cox proportional hazards models were used to calculate HR and 
95% CI. Cox proportional hazards multivariable modelling was performed 
for the primary and secondary endpoints. The nine factors considered in the 
model were age, sex, diabetes, renal dysfunction, cardiogenic shock, culprit 

Figure 1: CONSORT Diagram

2,111 eligible patients identified 

from database

(October 2003–April 2014)

28 excluded patients

      •    15 NSTEMI

      •    3 takotsubo cardiomyopathy

      •    3 medical management only

      •    3 emergency surgery no PCI prior

      •    2 request exclusion from subsequent follow-up

      •    2 non-residents not suitable for follow-up

604 additional data collected

(cohort from December 2010 onward)

     •    Baseline and residual SYNTAX scores

     •    Non-culprit vessel treatment evaluated

423 women

158 with MVD 265 with SVD

1,660 men

652 with MVD 1,008 with SVD

2,083 included patients

MVD = multivessel disease; NSTEMI = non-ST-elevation MI; PCI = percutaneous coronary intervention; SVD = single-vessel disease.
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Table 1: Baseline and Angiographic Characteristics and Medications

Baseline Characteristics Women (n=423) Men (n=1,660) p-value
Age (years), median [IQR] 65.3 [55.0–76.2] 58.2 [50.0–65.7] <0.001

Comorbidities, % (n)

 Diabetes 23.4 (99) 17.7 (294) 0.007

 Hypertension 52.5 (222) 40.5 (672) <0.001

 Current smoker 32.4 (137) 40.4 (671) <0.002

 Dyslipidaemia 54.1 (229) 52.1 (865) 0.456

 Family history of ischaemic heart disease 16.7 (70) 20.3 (332) 0.098

 Renal impairment (eGFR < 60 ml/min/1.73 m2) 33.3 (141) 13.6 (224) <0.001

Single/multivessel disease (≥70% stenosis), % (n)

 1-vessel disease 62.6 (265) 60.7 (1,008) 0.468

 2-vessel disease 26.2 (111) 28.9 (479) 0.317

 3-vessel disease 11.1 (47) 10.4 (173) 0.747

Reperfusion strategy, % (n):

 Primary PCI 53.1 (225) 51.3 (851) 0.514

 Thrombolysis (all thrombolysis) 46.8 (198) 48.7 (809) 0.514

 Rescue PCI for failed thrombolysis 12.0 (51) 16.7 (278) 0.022

Angiographic and procedural characteristics, % (n) or median [IQR]

 Femoral approach 96.2 (407) 95.4 (1,583) 0.529

 TIMI 3 flow after culprit PCI 97.9 (414) 96.2 (1,597) 0.127

 Drug-eluting stent use 25.8 (103/400) 23.9 (383/1,600) 0.490

 Bare metal stent use 74.3 (297/400) 76.1 (1217/1,600) 0.490

 Plain old balloon angioplasty only 4.0 (17/423) 3.3 (54/1,660) 0.532

 Culprit lesion stent length (mm), median [IQR] 18.0 [15–25] 18.0 [15–26] 0.350

 Stent diameter, median [IQR] 3.0 [2.5–3.0] 3.0 [2.75–3.5] <0.001

 Culprit artery left anterior descending 42.1 (178) 46.1 (765) 0.155

 Culprit artery circumflex 13.5 (57) 12.7 (211) 0.736

 Culprit artery right coronary 42.1 (178) 39.0 (648) 0.278

 Culprit left main coronary artery 1.2 (5) 0.7 (12) 0.363

 Occluded culprit artery 41.8 (177) 44.2 (734) 0.410

 Heavy calcification on angiography 13.9 (59) 7.0 (117) <0.001

 Bifurcation lesion 12.5 (53) 16.7 (278) 0.041

 Lesion graded as B2 or C 70.0 (296) 71.3 (1,183) 0.645

 Shock 6.4 (27) 5.1 (84) 0.337

 Mechanical support 6.6 (28) 3.9 (66) 0.027

SYNTAX score, median [IQR]*

 Baseline SYNTAX score 15.0 9–20 16.0 10–22 0.019

 Residual SYNTAX score 5.0 [0–9] 5.0 1–11 0.369

Medical therapy, % (n)*

 Bivalirudin 18 (22/123) 16 (75/466) 0.724

 Heparin 83 (102/123) 84 (382/466) 0.724

 Glycoprotein IIb/IIIa 59 (72/123) 45 (207/466) 0.005

 Aspirin 100 (123/123) 100 (466/466) NA

 Clopidogrel† 68 (81/123) 56 (261/466) 0.026

 Prasugrel/ticagrelor† 31 (38/123) 43 (202/466) 0.012

 β-blockers† 89 (105/123) 92 (424/466) 0.339

 Angiotensin-converting enzyme inhibitor/angiotensin II receptor antagonist† 86 (102/123) 84 (386/466) 0.443

 Statins† 97 (115/123) 98 (452/466) 0.916

eGFR = estimated glomerular filtration rate;  PCI = percutaneous coronary intervention; SYNTAX = Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery score; 
TIMI = Thrombolysis in MI. *These data were available only from 2010, scoring was attempted in 604 patients, and 589/604 had sufficient angiographic imaging and prescribing data to include in this 
sub-analysis. †As prescribed at hospital discharge. 
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LAD lesion, MVD, dyslipidaemia and hypertension at index hospitalisation 
based on previous studies.4,12,15–17 In order to assess the proportional hazards 
assumptions in Cox regression analyses, global score tests were performed, 
and the proportional hazards assumption was met for the final model. A 
two-tailed p-value ≤0.05 was considered statistically significant, and no 
adjustments have been made for multiple comparisons. SPSS Statistics, 
v21.0, SAS v9.4 and Stata v12 were used for analyses.

Results
Of the 2,083 STEMI patients included in this consecutive STEMI cohort, 
20.3% (423/2,083) were women and 79.7% (1,660/2,083) were men. 
There were no differences in the rates of primary PCI or fibrinolysis 
between women and men (Table 1). However, a smaller proportion of 
women received rescue PCI following fibrinolytic therapy than men: 12% 
(51/423) versus 16.7% (278/1,660; p=0.022). Women, when compared with 
men, were older and were more likely to have diabetes, hypertension and 
renal impairment, but were less likely to be smokers (Table 1).

Procedural characteristics were similar between groups (Table 1). MVD was 
present in 36.9% (156/423) of women and 39.3% (652/1,660) of men 
(p=0.468). From 2010, SYNTAX data, prescribed medical therapy data and 
data detailing elective non-culprit vessel treatment were collected (Table 1). 
A lower proportion of women received guideline-directed potent P2Y12 
inhibitors (ticagrelor and prasugrel) than men (31% versus 43%, p=0.012), 
particularly patients with MVD (25% versus 45%; p=0.011). At presentation 
women had a lower burden of coronary artery disease than men: the 
median baseline SYNTAX score was 15.0 (IQR [9–20]) in women and 16.0 
(IQR [1–11]) in men (p=0.019). On completion of all planned non-culprit 
procedures, the median residual SYNTAX scores (rSS) did not differ between 
sexes, and it was 5.0 (IQR [0–9]) in women and 5.0 (IQR [1–11]) in men 
(p=0.369). In patients with MVD, the median rSS was 9 (IQR [6–17]) in women, 
and 10 in men (IQR [6–15]; p=0.838). Using SYNTAX-based definitions for 
complete revascularisation, in patients with SYNTAX score data 33% of 
women and 44% of men with MVD achieved rSS<8 (p=0.401), and 4% of 
women with MVD and 3% of men with MVD achieved an rSS=0 (p=0.584).

The primary outcome of cardiac death or MI occurred in 14.6% of patients 
(305/2,083) at final follow-up (median 3.6  years; IQR [2.4–5.4]), with 
follow-up of ≥6  months in 2,036/2,083 patients (97.7%) and ≥1  year in 
1984/2,083 (95.0%). Cardiac death or MI occurred more frequently in 
women (20.3%, 86/423) than men (13.2%, 219/1,660; p=0.028), with 3-year 
event rates of 12.9% (9.9–16.7) in women and 6.3% (5.2–7.7) in men 

(p=0.035). Female sex was associated with an increased rate of cardiac 
death or MI on univariate (HR 1.69; 95% CI [1.32–2.17]) and multivariate 
analysis (adjusted HR [aHR] 1.33; 95% CI [1.02–1.74]; Table 3).

When divided into four groups by sex and MVD status, Kaplan–Meier 
analysis indicated significant outcome differences. Women with MVD 
were significantly more likely to experience cardiac death and MI than all 
other subgroups (p<0.001 for all comparisons), and differences between 
women with MVD and all other subgroups were evident within 7 days and 
continued up to year 10 (Table 2; Figure 2A).

At final follow-up in patients with MVD, cardiac death or MI occurred more 
frequently in women (29.7%, 47/158) than men (16.7%, 109/652; HR 2.04; 
95% CI [1.45–2.87]); 3-year cardiac death or MI rates were 21.8% in 
women with MVD and 9.5% in men with MVD (p<0.001). In patients with 
SVD, cardiac death or MI occurred at final follow-up in 14.7% of women 
(39/265) compared with 10.9% of men (110/1008; HR 1.45; 95% CI [1.01–
2.10]), with 3-year event rates of 7.8% in women with SVD and 4.3% in men 
with SVD (p=0.046; Figure 3).

At day 7, 7.6% of women (12/158) with MVD had experienced cardiac death 
or repeat MI compared with 3.7% of men (24/652) with MVD (p=0.032) and 
3.8% of women (10/265) with SVD (p=0.087). Women with SVD at day 7 
had rates of cardiac death or MI of 3.8% (10/265) compared with 0.5% in 
men with SVD (5/1,008; p<0.001). Outcomes for all secondary endpoints 
are listed in Table 2.

In the cohort from 2010 onward, 589 of 604 patients had imaging enabling 
SYNTAX scores to be evaluated. Women with rSS>8 were significantly more 
likely to experience cardiac death and MI than all other groups, (p<0.001 for 
all comparisons; Figure 2B). Kaplan–Meier analysis indicated sex-based 
outcome differences (Figure 2B). When divided into four groups by sex and 
rSS, cardiac death or MI occurred in 43% of women (15/35) with rSS>8 and 
23% of men (36/158) with rSS>8 (HR 2.14; 95% CI [1.17–3.91]; p=0.01), and 
occurred in 17% of women (15/88) with rSS 0–8, and 10% of men with rSS 
0–8 (31/308; HR 1.68; 95% CI [0.91–3.12]; p=0.10; pinteraction=0.58).

Discussion
This study has found higher rates of cardiac death or MI in women 
compared with men in patients with STEMI undergoing PCI with long-term 
follow-up. These differences remained significant following multivariable 
risk-adjusted analysis, adjusting for age, comorbidities, acuity of 

Table 2: Clinical Outcomes by Sex

Events at Final Follow-up 3-year Event Rate Unadjusted HR for 
Women [95% CI]

Adjusted HR* for 
Women [95% CI]

Women (n=423), 
% (n)

Men (n=1,660), 
% (n)

Women,  
% [95% CI]

Men,  
% [95% CI]

Cardiac death or MI 20.3 (86) 13.2 (219) 12.9 [9.9–16.7] 6.3 [5.2–7.7] 1.69 [1.32–2.17] 1.33 [1.02–1.74)

Cardiac death 11.6 (49) 4.8 (80) 9.9 [7.4–13.2] 4.2 [3.3–5.4] 2.54 [1.78–3.63] 1.45 [0.99–2.14]

All-cause death 21.0 (89) 10.4 (172) 15.8 [12.6–19.7] 7.9 [6.7–9.4] 2.16 [1.67–2.79] 1.21 [0.92–1.61]

MI 11.3 (48) 9.1 (151) 5.4 [3.4–8.5] 2.7 [2.0–3.8] 1.40 [1.01–1.94] 1.37 [0.98–1.93]

Stent thrombosis 3.1 (13) 1.7 (29) 2.0 [0.9–4.1] 0.7 [0.4–1.3] 1.86 [0.97–3.58] 2.22 [1.12–4.39]

TVR 6.6 (28) 9.1 (151) 2.5 [1.2–5.0] 3.7 [2.8–4.8] 0.80 [0.54–1.20] 0.85 [0.56–1.30]

All-cause death or MI 28.8 (122) 18.2 (302) 18.4 [14.9–22.6] 9.6 [8.2–11.2] 1.73 [1.40–2.13] 1.24 [0.99–1.55]

Death/MI/TVR 31.0 (131) 23.0 (381) 18.9 [15.4–23.1] 11.7 [10.1–13.5] 1.47 [1.21–1.80] 1.12 [0.91–1.39

*Model includes adjustment for multivessel disease, sex, cardiogenic shock, age, renal dysfunction, culprit left anterior descending artery stenosis, diabetes, dyslipidaemia and hypertension. 
TVR = target vessel revascularisation. 
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presentation, MVD and infarct site. Sex-based differences were 
predominantly found in patients with MVD and in patients with a high 
burden of incomplete revascularisation. Data from this study also showed 
that differences in rates of cardiac death or MI between women and men 
were evident within 7  days and continued to diverge years into late 
follow-up. Differences persisted following multivariate risk adjustment.
Women in this consecutive cohort of STEMI patients were not found to 
have higher rates of MVD or higher rSS on completion of all planned 
procedures than men. However, Kaplan–Meier analysis found that sex-
based differences in rates of cardiac death or MI were predominantly 
evident in patients with MVD and with a high burden of incomplete 
revascularisation. After 8 years, one in every two women with MVD and 
STEMI had experienced cardiac death or MI, close to double that of men 
with MVD, women with SVD, and men with SVD. Differences in rates of 
cardiac death or MI between these subgroups were also seen early and 
were significant within 7 days of the initial STEMI, suggesting that the best 
time to initiate management strategies to mitigate current sex-based 
outcome differences may be in the first days post-MI, not weeks or 
months. 

Data also suggested that differences in prescribing practices for these 
patients may explain some of these outcome disparities. In the present 
study, particularly in patients with MVD, significantly more men than 
women received potent P2Y12 receptor inhibitors. However, our findings 

related to P2Y12 prescribing and sex are hypothesis-generating and 
require further validation in a larger cohort; available data in this cohort 
are not sufficient to unequivocally validate these observations. These 
findings strongly suggest that studies evaluating sex-based outcome 
differences should also report any sex-based differences in the 
prescription of potent P2Y12 receptor inhibitors, given that differences in 
P2Y12 prescribing practices may contribute to poor outcomes for women 
with MVD and incomplete revascularisation.

The significantly higher rates of cardiac death and MI found in women on 
both univariate analysis and multivariate risk-adjusted analysis observed 
in this study are in keeping with other contemporary analyses of large 
STEMI cohorts reporting shorter-term outcomes. A number of studies 
reporting short-term outcomes found that sex-based differences remain 
significant after multivariable analysis including age.1–4,6,7,14,18 Heer et al. 
published a large observational study of primary PCI-treated STEMI 
patients (n=185,312) evaluating in-hospital outcomes and found, after 
multivariable analysis including age, that women were 1.19-fold more 
likely to die in hospital than men (95% CI [1.06–1.33]).1 Stehli et al. analysed 
Victorian Cardiac Outcomes Registry (VICOR) data from 5,749 STEMI 
patients who underwent PCI and found, after multivariable analysis 
including age, that women were 1.67-fold more likely than men to die at 
30  days (95% CI [1.11–2.49]).3 Khan et al. analysed CONCORDANCE 
(Cooperative National Registry of Acute Coronary care, Guideline 

Figure 2: Kaplan–Meier Curves Showing Probability of Cardiac Death or MI Segregated by Sex 
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rSS>8, 23% of men (36/123) with rSS>8, 17% of women (15/88) with rSS≤8, and 10% of men (31/308) with rSS≤8 (log-rank p<0.001).
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Adherence and Clinical Events) data, involving 41 Australian and New 
Zealand hospitals (n=2,898), studying all acute coronary syndrome (ACS) 
patients including those not offered angiography or revascularisation, 
found, after multivariable analysis including age, that women were 2·17-
fold more likely to die after STEMI than men (95% CI [1.24–3.80]) at 
6-month follow-up.4 A large meta-analysis by Pancholy et al., which 
included 68,536 STEMI patients treated with primary PCI, found that in-
hospital mortality was significantly higher in women compared with men 
after multivariable risk adjustment (RR 1.48; 95% CI [1.07–2.05]), but noted 
that this risk-adjusted difference was no longer significant at 1  year.5 
However, Kvakkestad et al. found no significant mortality difference at 
5  years between sexes after multivariate analysis in 5,159 consecutive 
Norwegian STEMI patients (2005–2011), including those not offered 
angiography or revascularisation in the era prior to widespread use of 
potent P2Y12 inhibitors (ticagrelor or prasugrel).19,20 Pooled data for all 
acute MI are more heterogenous, suggesting the importance of evaluating 
data for STEMI cohorts separately.1,21,22 We note that most studies 
evaluating sex differences do not include incomplete revascularisation or 
MVD status in risk adjustment models and usually report all-cause 
mortality data, rather than the endpoints of cardiac death or cardiac death 
and MI. By evaluating these factors the present study provides new 
insights and hypotheses regarding the drivers of these sex-based 
differences and suggests that targeting prescribing practices and the 
completeness of revascularisation in those with MVD may help to close 
the outcome gap for women with STEMI.

Our study (n=2,083) did find significant sex-based differences in cardiac 
death and MI before and after risk adjustment at long-term follow-up. 
After risk adjustment, sex-based differences in rates of cardiac death 
alone became only a trend (Table 2). The univariate HR for cardiac death 
was 2.54 (95% CI [1.78–3.63]) but became non-significant using this model 
(HR 1.45; 95% CI [0.99–2.14]). This differs from other studies.1,3–5 This issue 
is likely to be related to power and cohort size. A larger patient cohort, as 
evaluated by Heer et al., Stehli et al., Khan et al. and Pancholy et al., may 
be required to demonstrate sex-based cardiac mortality differences in 
PCI-treated STEMI patients.1,3–5

This study also suggests that the inclusion of MI as an endpoint may be 
important when studying sex differences in STEMI patients, especially in 
view of observed sex-based discrepancies in P2Y12 prescribing practices. 
In patients with SVD, MI did not differ between men and women; however, 

in patients with MVD, MI occurred at final follow-up in 15.8% of women 
and in 9.4% of men (HR 2.05; 95% CI [1.28–3.27]; pinteraction=0.04), 
suggesting that non-culprit lesions and vessels play a significant role in 
sex-based outcome discrepancies, which may potentially be at least 
partially mitigated by more guideline-concordant prescribing practices. 
This also suggests that strategies based on decreasing MI rates for 
women with MVD such as timely complete revascularisation may 
successfully reduce outcome disparities between sexes.

This study also serves as a reminder that when evaluating prescribing 
practices in STEMI patients, collecting data regarding potent P2Y12 
prescription is important. We note that data collected prior to 2010 may 
not show this, given that potent P2Y12 inhibitor use was endorsed by 
guidelines only after the Plato trial (2010) was published. Data captured 
earlier may not reflect sex-based prescription differences given that 
clopidogrel (a less potent P2Y12 inhibitor) was used in the majority of all 
ACS patients. In this study, we collected prescription data only in a 
subgroup of patients (those enrolled from 2010 onward), in part due to the 
availability of computerised prescribing data. Further research is needed.

We can hypothesise that one of the causes of sex-based differences in the 
rates of MI may relate to the lower usage of potent guideline-
recommended P2Y12 antiplatelet agents in women, particularly in women 
with MVD. The use of these drugs has been shown to decrease rates of 
death, MI and stent thrombosis in STEMI patients when compared with 
clopidogrel, but under-utilisation of these guideline-recommended 
medications is common.23 In our study significantly more men than women 
received potent P2Y12 receptor inhibitors, and of those with MVD men 
were almost twice as likely as women to be prescribed these guideline-
recommended drugs. There is evidence that women with STEMI are less 
likely to receive guideline-based therapy than men, but there are few 
studies directly linking sex-based outcome disparities with MVD and 
lower prescription of potent P2Y12 agents as this study does.3,4 Our data 
collected from 2010 onwards suggest that further investigation into the 
impact of under-prescription of guideline-recommended potent P2Y12 
receptor inhibitors is warranted when addressing sex-based outcome 
disparities. Stehli et al. report data demonstrating lower rates of ticagrelor 
prescription (63.5% versus 60.2%, p=0.004), but do not also report rates 
of prasugrel prescription, or describe rates with MVD.3 Further analysis of 
data from Olier et al. reporting UK P2Y12 prescribing practices from the 
British Cardiovascular Interventional Society national database also 
shows lower rates of prasugrel and ticagrelor prescription for women with 
STEMI treated with primary PCI (32%, 7,359/22,786) compared with men 
(35%, 23,460/66,281; p<0.001).24

The impact of incomplete revascularisation should also be considered. 
Women with a high burden of incomplete revascularisation are twice as 
likely as men with a high burden of incomplete revascularisation to 
experience cardiac death or MI after STEMI.2 Incomplete revascularisation 
may affect outcomes for women to a greater degree than it does for men 
particularly in the setting of lower rates of prescription of potent P2Y12 
receptor inhibitors as observed in this study.2

Limitations
This observational study should be considered primarily hypothesis-
generating. It has limitations including the collection of prescribing data 
and SYNTAX scores only from 2010 onward, and the generalisability to 
STEMI patients not receiving PCI must also be considered. Power may be 
limited by cohort size, particularly when assessing differences between 
subgroups. Given that SYNTAX score data and data regarding medications 

Table 3: Univariate and Multivariate 
Analysis for Cardiac death or MI

Outcome and Variable Univariate Results Multivariate Results

HR [95% CI] HR [95% CI]
Cardiogenic shock 3.54 [2.56–4.89] 3.18 [2.26–4.46)

Renal impairment 2.24 [1.75–2.86] 1.69 [1.28–2.23]

Multivessel disease 1.75 [1.40–2.19] 1.51 [1.19–1.92]

Hypertension 1.49 [1.19–1.86] 1.42 [1.09–1.84]

Female sex 1.69 [1.32–2.17] 1.33 [1.02–1.74]

Left anterior descending 
artery culprit

1.20 [0.95–1.50] 1.22 [0.97–1.54]

Diabetes 1.35 [1.03–1.76] 1.20 [0.90–1.59]

Age (in years) 1.02 [1.01–1.03] 1.01 [1.00–1.02]

Dyslipidaemia 0.97 [0.77–1.22] 0.79 [0.62–1.02]

Age was considered as a continuous variable. 
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were collected only from 2010 onwards, these data may also be subject 
to type 2 errors and could not be included in risk adjustment models. 
There is no universally accepted definition for complete 
revascularisation.12,25 As we have noted in previous studies, we favour 
rSS<8 to define high-risk incomplete revascularisation, but acknowledge 
that an rSS=0 is numerically more correct.12 We acknowledge that debate 
may occur regarding the completeness of revascularisation in clinical 
settings in which some scorable lesions with a negative functional 
assessment or stenosis of 50–70% are present. The validity of any single 
definition of completeness of revascularisation may be debated, therefore 
we have tried where practical to present data for rSS=0 and rSS<8. 
Significant changes to contemporary practice with respect to drug-eluting 
stent use, radial access and P2Y12 selection over the study period, and 
time for late follow-up, and changes to regional systems of STEMI care to 
improve rural patient access primary PCI are also acknowledged as 
limitations of this study, as is the proportion of patients who received PCI 
after thrombolysis. In this study information on bleeding risk and co-
prescription of direct oral anticoagulants was not available and limits the 
interpretation of prescribing decisions.

Conclusion
This study reports a higher incidence of cardiac death or MI in women 
compared with men, which remains significant after risk adjustment. 
Female sex (after risk adjustment) was independently associated with 
cardiac death and MI (aHR 1.33; IQR [1.02–1.74]). This study found that sex-

based differences in rates of cardiac death or MI were evident in patients 
with MVD. Significantly lower rates of prescription of potent P2Y12 
inhibitors were also noted for women, particularly for those with MVD. 
These findings warrant further investigation but suggest that both closer 
adherence to guideline-based therapy with respect to prescription of 
medication, and more complete revascularisation for those with MVD, 
may help to decrease sex-based outcome disparities for patients with 
STEMI. 

Figure 3: Forest Plot Showing Effect of Sex in the Single-vessel Disease and Multivessel Disease Cohorts 
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Outcome Subgroup pinteraction

A significant p-value for interaction was noted when evaluating the outcome of MI: in patients with SVD, MI did not differ between men and women, but in patients with MVD, MI occurred at final 
follow-up in 15.8% of women and in 9.4% of men (HR 2.05; 95% CI [1.28–3.27]; p for interaction=0.04). This shows that when studying MI as an outcome, the effect of sex is different in MVD and SVD.  
In patients with MVD the effect is twofold higher for women, but this is not evident in patients with SVD. This pattern was not seen for other outcomes. CV = cardiovascular; MVD = multivessel disease;  
ST = stent thrombosis; SVD = single-vessel disease; TVR = target vessel revascularisation.

Clinical Perspective
• This observational study found differences in treatment and 

outcome between men and women. Outcome differences 
persist after risk adjustment, driven primarily by differences in 
patients with multivessel disease (MVD) and/or with high residual 
SYNTAX scores.

• At early and late follow-up women with MVD experience cardiac 
death or MI at rates double those of men with MVD and all 
patients with single-vessel disease, and are significantly less 
likely to be prescribed guideline-directed potent P2Y12 inhibitors.

• A specific focus on improving adherence to guideline-directed 
prescription of medical therapy in women with MVD, along with 
more complete revascularisation for women with MVD may help 
to mitigate sex-based outcome disparities.
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