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Background-—Timely revascularization with percutaneous coronary intervention (PCI) reduces death following myocardial
infarction. We evaluated if a sex gap in symptom-to-door (STD), door-to-balloon (DTB), and door-to-PCI time persists in
contemporary patients, and its impact on mortality.

Methods and Results-—From 2013 to 2016 the Victorian Cardiac Outcomes Registry prospectively recruited 13 451 patients
(22.5% female) from 30 centers with ST-segment–elevation myocardial infarction (STEMI, 47.8%) or non–ST-segment–elevation
myocardial infarction (NSTEMI) (52.2%) who underwent PCI. Adjusted log-transformed STD and DTB time in the STEMI cohort and
STD and door-to-PCI time in the NSTEMI cohort were analyzed using linear regression. Logistic regression was used to determine
independent predictors of 30-day mortality. In STEMI patients, women had longer log-STD time (adjusted geometric mean ratio
1.20, 95% CI 1.12-1.28, P<0.001), log-DTB time (adjusted geometric mean ratio 1.12, 95% CI 1.05-1.20, P=0.001), and 30-day
mortality (9.3% versus 6.5%, P=0.005) than men. Womens’ adjusted geometric mean STD and DTB times were 28.8 and
7.7 minutes longer, respectively, than were mens’ times. Women with NSTEMI had no difference in adjusted STD, door-to-PCI time,
or early (<24 hours) versus late revascularization, compared with men. Female sex independently predicted a higher 30-day
mortality (odds ratio 1.67, 95% CI 1.11-2.49, P=0.01) in STEMI but not in NSTEMI.

Conclusions-—Women with STEMI have significant delays in presentation and revascularization with a higher 30-day mortality
compared with men. The delay in STD time was 4-fold the delay in DTB time. Women with NSTEMI had no delay in presentation or
revascularization, with mortality comparable to men. Public awareness campaigns are needed to address women’s recognition and
early action for STEMI. ( J Am Heart Assoc. 2019;8:e012161. DOI: 10.1161/JAHA.119.012161.)
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W orldwide, coronary artery disease is the leading cause
of death for women as it is for men. Timely

revascularization with percutaneous coronary intervention
(PCI) is a critical component of improving outcomes in

myocardial infarction (MI). In the setting of ST-segment–
elevation MI (STEMI), emergent revascularization is key:
improving door-to-balloon (DTB) times prevents deaths.1,2 In
non–ST-segment–elevation MI (NSTEMI) revascularization
within 24 and 72 hours for high- and intermediate-risk
patients, respectively, is strongly recommended.3 Markers
of high-risk NSTEMI patients include elevated cardiac
biomarkers at baseline, presence of diabetes mellitus, age
≥75 years, and GRACE (Global Registry of Acute Coronary
Events) score >140.4 Previous studies have identified a
critical issue: that women with STEMI have delays in
symptom-to-door (STD) and DTB times compared with their
male counterparts.5-7 In addition, women around the world
experience higher bleeding and heart failure following MI
with increased mortality compared with men.8 There is
ongoing debate as to whether this represents a true sex
difference or is due to the presence of older age and
comorbidities. In NSTEMI patients, sex-related delays in STD
and revascularization times have not been well described.
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Over the past decade Australian public awareness cam-
paigns targeting women have championed early recognition
and treatment of MI.9 At the same time, sex discrepancies in
revascularization and guideline-based treatment have been
increasingly reported in the literature. The aim of the current
study was to determine if a sex gap in time to presentation
and revascularization of contemporary MI patients persists.
This was with the goal of identifying specific targets for future
education and research. In addition, we aimed to study the
impact of delays in presentation and revascularization on
mortality and clinical outcomes in women versus men.

Methods

Patient Population
From 2013 to 2016, consecutive patients treated with PCI for
MI (STEMI and NSTEMI) were prospectively entered into VCOR
(the Victorian Cardiac Outcomes Registry). VCOR is an
Australian, state-based clinical quality registry designed to
monitor the performance and outcome of PCI in Victoria.
VCOR was established in 2012 and is engaged at all hospitals
in Victoria (13 public and 17 private) with all patients
undergoing PCI or attempted PCI entered into the registry.10

VCOR collects baseline demographic and procedural charac-
teristics as well as in-hospital and 30-day outcome data on all
patients who undergo PCI at a given facility through a secure
web-based data collection system. All data entry personnel
are registered with VCOR, and data are entered in real time as
the patient progresses through the hospital admission.11 Data

integrity is ensured with regular audit activities conducted by
the central registry. VCOR is funded by the Victorian
Department of Health and Human Services. The study was
approved by the Institutional Human Research Ethics Com-
mittee with an opt-out consent. The deidentified data analyzed
for the purpose of this study are available on request to the
VCOR Data Access, Research and Publications Committee by
emailing vcor@monash.edu.

Inclusion and Exclusion Criteria
Consecutive patients who received successful or attempted PCI
for an MI (STEMI or NSTEMI) were included. STEMI was defined
as elevated biomarkers and new or presumed new ST-segment
elevation in 2 or more contiguous leads. Patients were
excluded if they experienced an MI while already an inpatient
(ie, did not present to hospital with an MI) due to absence of
STD time in these patients. NSTEMI was defined as the
presence of elevated biomarkers and at least 1 of either ECG
changes (ST-segment depression or T-wave abnormalities), or
ischemic symptoms. Patients with an NSTEMI were additionally
classified into higher-risk subgroups due to the presence of
diabetes mellitus, age ≥75 years, cardiogenic shock, or cardiac
arrest on the basis of previously identified risk markers
showing a benefit of an early invasive strategy in these
patients.4 Preprocedural creatinine was collected up to
60 days before the PCI, and the Cockcroft-Gault formula was
used to determine estimated glomerular filtration rate. Left
ventricular ejection fraction (LVEF) was collected during the
index admission for STEMI patients and within 6 months before
the index admission and 4 weeks postdischarge for NSTEMI
patients. Normal LVEF was defined as LVEF >50%, mild
dysfunction as LVEF 45% to 50%, moderate dysfunction as
LVEF 35% to 44%, and severe dysfunction as LVEF <35%.

Primary and Secondary Outcomes
The primary outcome was unadjusted and adjusted time to
presentation (STD time) and time to revascularization (DTB and
door-to-PCI time). The STD time was calculated in both STEMI
and NSTEMI patients. The DTB time was calculated for STEMI
patients, and the door-to-PCI time calculated for NSTEMI
patients. The proportion of NSTEMI patients with door-to-PCI
time <24 hours (“early revascularization”) was determined for
the total cohort and also within higher-risk subgroups. The
relevant times were defined as follows: STD as time from MI
symptom onset to arrival at a PCI-capable center, DTB as time
fromarrival at a PCI-capable hospital to time of establishing flow
in the culprit vessel (independent of which device was used for
revascularization), and door-to-PCI as time from first hospital
arrival to start of PCI procedure. Only STEMI patients who
presented to thehospitalwithin12 hours of symptomonset and

Clinical Perspective

What Is New?

• Consistent with previous research, a significant delay in
presentation and revascularization was seen in women with
ST-segment–elevation myocardial infarction (STEMI). How-
ever, no sex-related differences were seen in non–ST-
segment–elevation myocardial infarction patients who
received percutaneous intervention.

• The delay in symptom-to-door time was 4 times the delay in
door-to-balloon time in women with STEMI.

What Are the Clinical Implications?

• Ongoing public awareness campaigns are needed to
address women’s recognition of symptoms and early action
for STEMI.

• Medical professionals need to be aware of sex-related
differences in door-to-balloon time, and institutions should
champion protocols that reduce sex discrepancies in STEMI
patients.

DOI: 10.1161/JAHA.119.012161 Journal of the American Heart Association 2

Sex Delays in Myocardial Infarction Stehli et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

mailto:vcor@monash.edu


without interhospital transfer had DTB time collected and were
included in theDTBtimeanalysis.Secondaryendpoints included
in-hospital and 30-day major adverse cardiac events, major
adverse cardiac and cerebrovascular events, and major bleed-
ing.Major adverse cardiac events were defined as death, new or
recurrent MI, stent thrombosis, and target vessel revasculariza-
tion. Major adverse cardiac and cerebrovascular events were
defined as above, inclusive of stroke. The international Bleeding
Academic Research Consortium standardized bleeding defini-
tionswere used to report onmajor bleeding events (identifiedby
Bleeding Academic Research Consortium categories 3 and 5),
including bleeding that required blood transfusion, cardiac
tamponade, intracranial hemorrhage, and/or any fatal bleeding.

Statistical Analyses
Associations in categorical variables were analyzed with chi-
squared or Fisher exact tests as appropriate and expressed as
number and percentage. Continuous variables were analyzed
withat-testandwereexpressedasmeanandstandarddeviation.
Univariate and multivariate associations with sex were deter-
mined by logistic regression. Because the distributions of
presentation and revascularization times were highly skewed,
their data were log-transformed for analysis and back-trans-
formed to determine an estimated geometric mean. Along with
sex, variables determined a priori to be included in the
multivariate models were age, diabetes mellitus, estimated
glomerular filtration rate, previous PCI and/or coronary artery

bypass grafting, history of peripheral vascular disease and
cerebrovascular disease (CVD), LVEF, out-of-hospital and in-
hospital cardiac arrest, cardiogenic shock, and occurrence time
of symptom onset. A P<0.05 was considered statistically
significant for all analyses. Statistical analyses were performed
using Stata version 14 (Statacorp, College Station, TX).

Results

Baseline and Pre-, Peri-, and Postprocedural Data
A total of 13 451 patients underwent PCI for the treatment
of NSTEMI/STEMI (47.8% STEMI) of whom 3021 (22.5%)
were women. Table 1 shows the baseline demographic and
clinical characteristics: female patients were significantly
older, with more diabetes mellitus and cerebrovascular
disease, than men. Male patients had significantly higher
rates of previous PCI or coronary artery bypass grafting. Pre-
and periprocedural characteristics including medications are
presented in Table 2. Radial access was used significantly
less frequently in women than men in both STEMI and
NSTEMI cohorts.

Symptom-to-Door Time
The geometric mean STD time according to sex and MI type
are shown in Table 3. In patients with STEMI the adjusted
geometric mean STD time was significantly longer in women

Table 1. Baseline Characteristics According to MI Type and Sex

STEMI NSTEMI

Male (n=5114) Female (n=1317) P Value Male (n=5316) Female (n=1704) P Value

Age, y 60.8�12.2 66.5�13.2 <0.001 63.2�12.3 68.1�12.7 <0.001

BMI, m2/kg 28.3�5.0 28.3�6.6 0.90 28.9�5.2 29.1�6.5 0.24

Diabetes mellitus 15.1 (770) 18.6 (245) 0.002 20.6 (1097) 24.2 (412) 0.002

eGFR, mL/min 98.0�37.8 79.3�38.8 <0.001 100.1�40.5 82.2�41.8 <0.001

Previous CABG and/or PCI 11.3 (577) 7.9 (104) <0.001 23.3 (1240) 17.4 (296) <0.001

CVD 2.5 (127) 4.3 (57) <0.001 3.3 (176) 4.3 (73) 0.06

PVD 2.2 (110) 1.8 (24) 0.45 3.4 (181) 3.9 (66) 0.36

OAC therapy 2.2 (112) 2.3 (30) 0.85 4.0 (212) 4.3 (74) 0.52

Time of symptom onset

7 AM to 8 PM 63.2 (2908) 62.7 (731) 0.75 60 (2124) 56.8 (630) 0.06

8 PM to 7 AM 36.8 (1694) 37.3 (435) 40.0 (1418) 43.2 (479)

STD time, min 148.5 [85.2-360.4] 190.1 [100.5-421.6] <0.001 478.4 [146.4-1321.6] 485.0 [155.1-1312.9] 0.67

Prehospital cardiac arrest 9.6 (491) 5.7 (75) <0.001 1.0 (54) 0.5 (8) 0.04

Prehospital ECG notification 48.3 (2472) 46.5 (612) 0.24 ��� ��� ���

Values are mean�standard deviation or % (number) or median [IQR]. BMI indicates body mass index; CABG, coronary artery bypass grafting; CVD, cerebrovascular disease; eGFR,
estimated glomerular filtration rate; IQR, interquartile range; MI, myocardial infarction; NSTEMI, non–ST-segment–elevation myocardial infarction; OAC, oral anticoagulation; PCI,
percutaneous coronary intervention; PVD, peripheral vascular disease; STD time, symptom-to-door time; STEMI, ST-segment–elevation myocardial infarction.
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than men (198.0 versus 169.2 minutes, P<0.001), represent-
ing a difference of 28.8 minutes. In patients with NSTEMI
there was no significant difference in both unadjusted and
adjusted geometric mean STD time.

Revascularization Times
There were 753 (58%) female and 3154 (62%) male STEMI
patients who presented within 12 hours of symptom onset,
with no interhospital transfer. Of these, DTB time was
available in 752 female and 3146 male patients, and data for
both DTB and STD times were available in 747 female and
3136 male patients. The geometric mean door-to-PCI and
DTB times according to sex and MI type are shown in
Table 3. In STEMI patients the adjusted geometric mean DTB
time was significantly longer in women than men (88.4
versus 81.1 minutes, P=0.01). For STEMI patients who
presented within 12 hours of symptom onset, who had no
interhospital transfer, and who had both STD and DTB times
available, the total mean ischemic time was calculated. The
time difference in mean adjusted ischemic time in STEMI
patients between female and male patients was 30 minutes
(P<0.0001, illustrated in Figure). A DTB time of ≤90 minutes
was achieved in a significantly lower proportion of women

than men (64.5% versus 69.8%, respectively, P=0.005). In
NSTEMI patients there was no significant sex difference in
both unadjusted and adjusted door-to-PCI times. Early
revascularization (<24 hours) was undertaken in 43.7% and
48% (P=0.002) of women versus men with NSTEMI with no
difference after adjusted logistic regression (odds ratio [OR]
1.10, 95% CI 0.95-1.26, P=0.19). There was no significant
difference in adjusted early versus late revascularization
between women and men in each prespecified higher-risk
NSTEMI group: age ≥75 (OR 1.04, 95% CI 0.80-1.35, P=0.78),
diabetes mellitus (OR 1.10, 95% CI 0.87-1.39, P=0.41), or
cardiogenic shock/cardiac arrest (OR 1.07, 95% CI 0.79-
1.44, P=0.66).

Clinical Outcomes
In-hospital and 30-day outcomes are shown in Table 4. The
independent multivariate associations with 30-day mortality
according to type of MI are shown in Table 5. Female sex was
an independent predictor of total mortality in the overall MI
cohort (OR 1.51, CI 1.12-2.05, P=0.007, not shown in
Table 5) and in the STEMI cohort but not in NSTEMI patients.
DTB and STD time were not independently associated with
total mortality.

Table 2. Pre- and Periprocedural Characteristics and Medications According to MI Type and Sex

STEMI NSTEMI

Male (n=5114) Female (n=1317) P Value Male (n=5316) Female (n=1704) P Value

DTB time, minutes 68 [46-99] 73 [50-110] 0.002 ��� ��� ���
Symptom onset to balloon time, minute 184 [138.0-282.4] 212.3 [155.5-341.0] <0.001 ��� ��� ���
Radial access 50.2 (2566) 41.0 (540) <0.001 53.5 (2843) 44.4 (757) <0.001

Glycoprotein IIb/IIIa inhibitor 37.8 (1933) 31.7 (417) <0.001 9.1 (485) 7.6 (129) 0.05

Mechanical ventricular support 4.0 (203) 2.4 (31) 0.005 0.6 (32) 0.8 (14) 0.33

Culprit vessel

RCA 38.9 (1989) 45.0 (592) <0.001 28.6 (1523) 30.6 (522)

Left main 1.2 (60) 1.4 (19) 1.1 (58) 1.2 (21)

LAD 42.9 (2195) 40.0 (527) 36.8 (1954) 41.3 (704) <0.001

LCx 15.5 (792) 12.3 (162) 29.0 (1544) 24.4 (416)

Graft 0.6 (30) 0.4 (5) 3.0 (157) 1.6 (27)

Drug-eluting stent 71.3 (3428) 70.5 (851) 0.57 81.6 (4124) 81.2 (1316) 0.68

Procedural success 95.6 (4889) 94.4 (1243) 0.06 96.0 (5104) 95.7 (1630) 0.52

Discharge medication

Aspirin 98.2 (4720) 97.5 (1171) 0.14 98.3 (5179) 97.6 (1644) 0.06

Thienopyridine 34.6 (1661) 37.3 (448) 0.07 40.1 (2111) 43.2 (727) 0.02

Ticagrelor 63.5 (3051) 60.2 (722) 0.04 58.9 (3105) 54.9 (924) 0.03

Values are % (number) or median [IQR]. DTB time was available in 3146 male and 752 female STEMI patients. Symptom onset–to-balloon time (ie, ischemic time) was calculated in 3136
male and 747 female patients with both symptom-to-door and DTB time available. DTB indicates door-to-balloon time; IQR, interquartile range; LAD, left anterior descending artery; LCx,
circumflex artery; MI, myocardial infarction; NSTEMI, non–ST-segment–elevation myocardial infarction; RCA, right coronary artery; STEMI, ST-segment–elevation myocardial infarction.

DOI: 10.1161/JAHA.119.012161 Journal of the American Heart Association 4

Sex Delays in Myocardial Infarction Stehli et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Discussion
The current study demonstrates that contemporary female
patients with STEMI treated with PCI have delayed presen-
tation and revascularization, with higher 30-day mortality,
compared with men. After adjustment for multiple con-
founders women with STEMI had a 30-minute longer ischemic
time than did men. In comparison to the significant disparity
in female patients with STEMI, no sex difference in adjusted
time to presentation, revascularization, or mortality was seen
in NSTEMI patients.

Sources of Delay
The sex-related delay seen in STEMI patients was predom-
inantly driven by prolonged STD time, with a delay 4 times that
seen in the DTB time. Longer STD times have been linked to
adverse outcomes in STEMI patients, and although DTB times
have steadily decreased over the past decade, little change has
been seen in the STD time.7,12-15 Campaigns around the world,
including the Australian Heart Foundation’s “InvisibleMe,” have
been conducted to increase women’s awareness of the warning
signs of heart attacks.9,16,17 Previous research has identified

that women with MI experience more atypical symptoms then
men, with a higher rate of associated symptoms.7,18 However,
in young patients with MI the majority of men and women
experience chest pain (>85% for both).19 Yet women still take
longer to seek medical contact, present less to an emergency
department, and their healthcare providers are less likely to
attribute their prodromal symptoms to heart disease compared
with men.7,18,19 Our findings highlight that we must promote
further public campaigns to address women’s recognition and
early action for STEMI symptoms.

Door-to-Balloon Time
The significant delay in DTB time in women presenting with
STEMI seen in the current study adds to that revealed in past
research.6,20 However, this delay has previously been linked
to older age and a higher burden of comorbidities in women.
Our study identifies a persistent sex gap after adjustment for
these known confounders. Women have been described as
having higher rates of incorrect triage and delay to first
ECG.20,21 We found that the culprit lesion was more often the
right coronary artery in women and the left anterior

Table 3. Adjusted Geometric Mean STD, DTB, and Door-to-PCI Times According to Sex

Number
Geometric Mean,
Unadjusted 95% CI P Value

Geometric Mean,
Adjusted 95% CI P Value

STD time

STEMI, min

Male 4588 179.4 174.1 to 184.9 <0.001 169.2 160.8 to 178.2 <0.001

Female 1161 217.8 205.2 to 230.6 198.0 184.2 to 213.0

NSTEMI, h

Male 3524 7.71 7.37 to 8.07 0.63 7.76 7.29 to 8.25 0.94

Female 1104 7.89 7.28 to 8.55 7.79 7.11 to 8.54

DTB time, min

STEMI

Male 3146 72.8 70.87 to 74.72 <0.001 81.1 64.89 to 70.57 <0.001

Female 752 81.2 76.31 to 86.39 88.4 70.54 to 80.50

Door-to-PCI time, h

NSTEMI

Male 5316 20.40 19.66 to 21.17 0.06 19.75 18.60 to 20.97 0.34

Female 1704 21.97 20.55 to 23.48 20.65 18.90 to 22.58

Symptom to balloon time, min

STEMI

Male 3136 210.3 205.7 to 215.0 <0.001 239.7 230.3 to 248.2 <0.001

Female 747 242.7 231.3 to 254.7 269.7 253.4 to 283.8

Adjusted for age, diabetes mellitus, previous coronary artery bypass grafting and/or percutaneous coronary intervention, peripheral vascular and/or cerebrovascular disease, time of
symptom onset (categorized as above), cardiogenic shock on arrival and out-of-hospital cardiac arrest. Values are exponentiated regression coefficients. Adjusted values are for population
mean age (63 years). Symptom-to-balloon time analysis was undertaken in those patients who had both STD and DTB time available. DTB time indicates door-to-balloon time; NSTEMI,
non–ST-segment–elevation myocardial infarction; PCI, percutaneous intervention; STD time, symptom-to-door time; STEMI, ST-segment–elevation myocardial infarction.

DOI: 10.1161/JAHA.119.012161 Journal of the American Heart Association 5

Sex Delays in Myocardial Infarction Stehli et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



descending artery in men—perhaps resulting in more subtle
ECG changes in women. However, DTB time delays in women
have been previously documented even after correction for
ECG characteristics.22,23 The current study showed a similar
rate of paramedic prehospital ECG notification between men
and women—a process that is driven by protocol. It is
therefore no surprise that implementation of a protocol
focused on cardiac catheterization lab activation, a checklist-

guided early triage, guideline-directed medical therapy, and a
radial first approach in the treatment of STEMI benefited
women more than men.24

In-Hospital Complications
In line with the vast body of literature worldwide, we found
that women had significantly higher in-hospital complications,

Figure. Adjusted mean ischemic time in female vs male STEMI patients. The total adjusted geometric
mean ischemic time was calculated for STEMI patients who presented within 12 hours of symptom onset,
with no interhospital transfer, and who had both symptom-to-door (STD) and door-to-balloon (DTB) time
available. The adjusted mean STD and DTB times were 7.3 and 17.6 minutes longer, respectively, in women
compared with men, giving a total 30-minute delay in the geometric mean ischemic time. STEMI indicates
ST-segment–elevation myocardial infarction.

Table 4. In-Hospital and 30-Day Outcomes According to MI Type and Sex

STEMI NSTEMI

Male (n=5114) Female (n=1317) P Value Male (n=5316) Female (n=1704) P Value

In-hospital outcomes

Total mortality 5.7 (292) 8.4 (110) <0.001 0.7 (39) 1.1 (18) 0.20

Cardiogenic shock 5.5 (280) 8.4 (110) <0.001 0.6 (32) 1.2 (21) 0.009

Stroke 0.9 (44) 0.6 (8) 0.36 0.2 (12) 0.2 (3) 0.70

New or recurrent MI 1.1 (54) 1.3 (17) 0.47 0.6 (34) 1.0 (17) 0.13

Major bleeding 1.8 (93) 3.4 (45) <0.001 0.7 (35) 1.3 (23) 0.006

30-d outcomes

Total mortality 6.3 (324) 9.3 (122) <0.001 1.2 (65) 1.5 (26) 0.34

MACE 8.8 (452) 11.8 (155) 0.001 3.2 (170) 3.9 (67) 0.14

MACCE 9.5 (485) 12.5 (164) 0.001 3.4 (179) 4.2 (71) 0.12

Major bleeding 2.3 (117) 4.0 (53) <0.001 0.2 (12) 0.5 (8) 0.10

Values are % (number) or median [IQR]. IQR indicates interquartile range; MACCE, major cardiovascular and cerebrovascular events; MACE, major cardiovascular events; MI, myocardial
infarction; NSTEMI, non–ST-segment–elevation myocardial infarction; ST-segment–elevation myocardial infarction.
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major bleeding, and total mortality following MI compared
with men.25,26 Female sex was an independent predictor of
higher mortality in STEMI patients independent of age and risk
factors.27 Although MI occurs 3 to 4 times more frequently in
men in younger patients, women represent the majority of
patients >75 years.28 With an aging population, a persistent
sex gap in the STEMI cohort must be of global concern. In our
study incremental increases in STD and DTB times were
univariate predictors of 30-day mortality but were not found
to be independent predictors. Nevertheless, the time-
dependent ischemic cell death that occurs in STEMI, and
hence the importance of early revascularization with a DTB
time ≤90 minutes, has been well established.13,29 Women
with STEMI in our study had significantly lower rates of radial
access, higher bleeding events, and less appropriate sec-
ondary prevention medications. The lower radial access use
likely contributed to the higher bleeding events and poten-
tially the higher observed mortality in women, and increasing
radial access in women warrants further study.30,31

NSTEMI Patients
In patients with NSTEMI an early invasive approach has been
associated with a reduction in ischemia and even mortality in
high-risk subsets.4,32 However, conflicting results in sex
differences have been seen in regard to presentation delays
and the benefit of timely PCI.33,34 In the current study female
sex in NSTEMI was not associated with a delay in STD or

door-to-PCI time and led to no increased mortality after
adjustment for confounders. Analysis of early (<24 hours)
versus late revascularization in higher-risk NSTEMI cohorts
still demonstrated no sex difference. The current study only
included patients who underwent PCI for NSTEMI. Previous
studies showing a sex-related gap in NSTEMI patients may
reflect the lower rates of invasive angiography or PCI in
women overall.35

Limitations
The current study is limited by its observational nature.
Analysis to correct for confounders was performed, but we
can only correct for known or measured confounders. Within
the registry, DTB time was calculated only in STEMI patients
who presented directly to a PCI-capable hospital. Hence, we
cannot comment on DTB times in patients who underwent
interhospital transfer from a peripheral hospital. We can only
speculate on the reasons for the longer ischemic time seen in
women, as registry data did not include presenting symptoms,
type of first medical contact, or transportation to the hospital.
Preprocedural creatinine was not collected in �20% of STEMI
patients, and hence, renal failure could not be factored into
the multivariate analysis in this group. A high-risk NSTEMI
cohort was defined as patients with the presence of
previously identified high-risk features from meta-analyses.
A GRACE score was not able to be calculated due to the lack
of all baseline data required (blood pressure, heart rate, Killip

Table 5. Multivariate Associations With 30-Day Mortality According to MI Type

STEMI NSTEMI

OR 95% CI P Value OR 95% CI P Value

Age 1.06 1.04 to 1.07 <0.001 1.02 0.98 to 1.06 0.27

Female sex 1.67 1.11 to 2.49 0.01 1.37 0.65 to 2.52 0.37

Diabetes mellitus 1.23 0.80 to 1.90 0.35 1.12 0.59 to 2.43 0.76

Previous CABG or PCI 1.36 0.85 to 2.20 0.20 1.23 0.60 to 2.30 0.56

PVD or CVD 2.11 1.13 to 3.96 0.02 2.91 1.52 to 6.87 0.01

Preprocedural eGFR ��� ��� ��� 0.98 0.97 to 0.99 0.04

Out-of-hospital cardiac arrest 5.50 3.69 to 8.21 <0.001 8.77 2.66 to 28.89 <0.001

Cardiogenic shock on arrival 10.05 6.95 to 14.52 <0.001 11.77 3.65 to 37.96 <0.001

Moderate LVEF impairment 3.10 1.90 to 5.08 <0.001 2.81 1.22 to 6.46 0.02

Severe LVEF impairment 7.56 4.51 to 12.69 <0.001 2.29 0.74 to 7.04 0.15

STD time, per h increase 0.99 0.96 to 1.02 0.58 0.99 0.97 to 1.00 0.38

DTB time, per min increase 1.00 0.999 to 1.000 0.65 ��� ��� ���
Door-to-PCI time per h increase ��� ��� ��� 0.99 0.99 to 1.00 0.99

STEMI cohort included here was only those in whom DTB time was calculated (patients who presented within 12 hours without interhospital transfer). CABG indicates coronary artery
bypass grafting; CVD, cerebrovascular disease; DTB time, door-to-balloon time; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NSTEMI, non–ST-segment–elevation myocardial infarction; OR, odds ratio; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease; STD time, symptom-to-door time;
STEMI, ST-segment–elevation myocardial infarction.
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class). The registry included only patients who underwent PCI
or attempted PCI for MI; hence, we cannot draw any
conclusions about sex bias that results from not investigating
or treating female MI patients with invasive angiography.

Conclusions
Significant sex-related disparity persists in women with
STEMI, with adjusted delays in presentation, revascularization,
and a higher mortality compared with men. In comparison, no
sex-related difference was seen in NSTEMI patients treated
with PCI. Continued public awareness campaigns targeting
recognition of STEMI symptoms in women and ongoing
studies analyzing delays at the medical profession level are
urgently needed to close the gap.
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