
Impact of Sex and Contact-to-Device Time on Clinical Outcomes in
Acute ST-Segment Elevation Myocardial Infarction—Findings From
the National Cardiovascular Data Registry
Robert O. Roswell, MD; Jordan Kunkes, MD; Anita Y. Chen, MS; Karen Chiswell, PhD; Sohah Iqbal, MD; Matthew T. Roe, MD;
Sripal Bangalore, MD

Background-—Emergent myocardial reperfusion via primary percutaneous coronary intervention is optimal care for patients
presenting with ST-segment elevation myocardial infarction (STEMI). Delays in such interventions are associated with increases in
mortality. With the shift in focus to contact-to-device (C2D) time as a new perfusion metric, this study was designed to examine
how sex affects C2D time and mortality in STEMI patients.

Methods and Results-—Clinical data on male and female STEMI patients were extracted and analyzed from the National
Cardiovascular Data Registry from July 1, 2008 to December 31, 2014. A total of 102 515 patients were included in the final analytic
cohort. The median C2D time in female patients with STEMI was delayed when compared to male patients (80 [65–97] versus 75
[61–90]minutes; P<0.001). The unadjustedmortality was higher in female patients when compared tomale patients with STEMI (4.1%
versus 2.0%; P<0.001). For every 5-minute increase in C2D time, the adjusted odds ratio formortality was 1.04 (95% CI, 1.03–1.06) for
female patients with STEMI and 1.07 (95% CI, 1.06–1.09) for male patients (P for sex by C2D interaction=0.003).

Conclusions-—To date, this is the largest analysis of STEMI patients that measures the impact of the new recommended C2D
reperfusion metric on in-hospital mortality. Female STEMI patients have longer C2D times and increased mortality. The disparity
can be improved and survival can increase in this high-risk patient cohort by decreasing systems issues that cause increased
reperfusion times in female STEMI patients. ( J Am Heart Assoc. 2017;6:e004521. DOI: 10.1161/JAHA.116.004521.)
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Emergent myocardial reperfusion via primary percuta-
neous coronary intervention (PCI) is considered optimal

care for patients presenting acutely with ST-segment eleva-
tion myocardial infarction (STEMI).1 It has been shown that

delay in such an intervention is associated with significant
increases in mortality.2 Various metrics have been proposed
in order to predict index hospitalization and long-term
outcomes. The end point of this intervention is restoration
of coronary blood flow. In the past, there had been a focus on
achieving a door-to-balloon (D2B) time ≤90 minutes, ie, time
of hospital arrival to primary PCI.3 D2B time has proven to be
a fair metric, and strategies such as prehospital transmission
of ECGs have been designed around meeting such a
benchmark with moderate success.4–7 Studies have shown
that reducing D2B times beyond this 90-minute benchmark
has not resulted in decreased mortality; notably, mortality
from STEMI has plateaued with further reductions in D2B.
Menees et al8 have demonstrated a 20% reduction in D2B
times from 83 minutes in 2005, with no effect on mortality.

In 2013, the American College of Cardiology Foundation
(ACCF) and American Heart Association (AHA) updated their
guidelines with a new focus and terminology. The proposed
guidelines suggested a switch from D2B time to the time of
first medical contact, be that at a doctor’s office, at home, or
in the field, to the time of restoration of coronary blood flow
by any reperfusion device. Reperfusion devices include
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balloons, coronary stents, wires, aspiration catheters, and
other devices used to restore impeded blood flow. This shift
changed the focus to include prehospital STEMI care including
onsite clinical assessments and transportation to an emer-
gency facility. Furthermore, the guidelines suggested that this
contact-to-device (C2D) time be ≤90 minutes in order to
achieve optimal patient outcomes.1

Population disparities have long existed in STEMI patients,
and it has been shown that females are less likely to receive
primary PCI when compared to males.9–11 Furthermore, female
patients tend to have longer D2B times than their male
counterparts.12 In 2006, the ACC launched the D2B Alliance,
which focused on standardized systematic approaches to
STEMI patients and ultimately reduced D2B times and created
more parity in reperfusion times related to sex.6,13–15 The
effects of prehospital care and subsequent D2B time, which are
captured by C2D times, have not been previously analyzed to
explore the association with mortality and potential sex-linked
disparities. The examination of prehospital and emergency care
for STEMI patients is a novel approach as strategies for
lessening total ischemic time are being proposed. This has a
high potential impact by providing insight into prehospital care
and its impact on mortality in STEMI patients. The primary aim
of this study is to examine the newly proposed C2D time in
STEMI patients as it relates to sex. The secondary aim is to
compare mortality and C2D time in STEMI patients stratified by
sex, prehospital ECG, and mode of transportation to the
hospital.

Methods

Data Source
This study utilized the National Cardiovascular Data Registry
Acute Coronary Treatment and Intervention Outcomes Net-
work Registry-Get with the Guidelines (ACTION Registry–
GWTG) database. The ACTION Registry–GWTG is a nationwide,
ongoing, voluntary quality improvement initiative of the
American College of Cardiology and the AHA, with partnering
support from the Society of Cardiovascular Patient Care and
the American College of Emergency Physicians. The ACTION
Registry–GWTG contains baseline and in-hospital data on
high-risk patients who are hospitalized with STEMI and non-
STEMI. Details of the design and conduct of the registry have
been previously described.16,17 Standardized data collection
includes patient demographics, medical history, and in-
hospital clinical processes of care and outcomes. The validity
of data collection in the ACTION Registry–GWTG has been
reported.17 During January 1, 2007, to December 31, 2014,
there were 1083 sites that furnished data to the ACTION
Registry–GWTG database. STEMI was defined clinically as new
or presumed new sustained ST-segment elevation at the J

point in two contiguous ECG leads with the cutoff points
≥2 mm in male patients or ≥1.5 mm in female patients in
leads V2 or V3 and/or ≥1 mm in other leads and lasting
≥20 minutes or new left bundle branch block with associated
symptoms characteristic of myocardial ischemia.

In the ACTION Registry–GWTG, the time and date of first
evaluation by emergency medical services (EMS) and patient
arrival to an ACTION Registry–GWTG hospital was collected.
Furthermore, the time and date of first device activation was
also collected. Device activation was measured as the earliest
time when any reperfusion device had restored coronary
blood flow. C2D time was calculated by subtracting the first
medical contact time noted from the time that blood flow
down a coronary artery was restored. The symptom to onset
time was calculated by subtracting the reported symptom
onset time from the first medical contact time noted.

Patient Population
Starting July 1, 2008, first medical contact times were available,
which allowed calculation of the new perfusion metric, C2D
time. Data were available for 257 197 patients in the study
period July 1, 2008, to December 31, 2014, at 825 sites in the
United Stateswho presentedwith STEMI. An attemptwasmade
to study a patient population with limited confounders.
Hospitals without surgical capabilities may or may not perform
elective PCI depending on their location. To minimize potential
confounders in the analysis of outcomes, patients from
hospitals without surgical capabilities were excluded. In the
data set, >97% of STEMI patients traveled via ambulance or
presented as walk-in patients to the hospital. The patients who
traveled via air andmobile intensive care units were excluded as
their reperfusion times significantly differed frommost patients
in the data set. Patients with incomplete data such as unknown
mode of transportation and missing location of first ECG were
excluded from the analysis. To further limit confounders,
patients who did not undergo primary PCI were excluded.
Examples include but are not limited to patients who received
thrombolysis and then rescue PCI and interhospital transfers. If
the patient met STEMI criteria for the National Cardiovascular
Data Registry but the provider did not think the patient clinically
was having a STEMI, these patients were excluded as C2D time
and time to undergo PCI would extend beyond 12 hours.
Patients with nonsystem reasons for delay in PCI such as
difficulty in obtaining consent were also excluded to limit
confounders. Ultimately, the population studied included
102 515 patients at 760 sites (Figure 1).

Statistical Analysis
The following data were stratified by sex for analysis: patient
baseline demographics, cardiac status on first medical
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contact, medical history, mode of transportation, in-hospital
clinical events including mortality, in-hospital laboratory
results, home medications, and medications given during
the index hospitalization. Data regarding reperfusion times,
including C2D time, were stratified by sex, mode of
transportation to the providing facility, and prehospital ECG
transmission. Differences between female and male STEMI
patients were compared using Wilcoxon rank-sum tests for
continuous variables and chi-square tests for categorical
variables.

Logistic regression generalized estimating equations were
used to assess the relationship between in-hospital mortality
and C2D time. The logistic generalized estimating method
uses an exchangeable working correlation matrix to account
for within-hospital clustering of patient-level factors. This
approach produced estimates that are similar to those from
logistic regression with variances that are adjusted for the

correlation of outcomes within a hospital.18 Although this
working correlation structure assumes that hospitals are
independent after adjusting for covariates, empirical standard
error estimates for inference were used, which provide
robustness against possible misspecification of the correla-
tion structure. Linearity for C2D time with respect to log odds
of in-hospital mortality was checked. The model consisted of a
list of patient covariates from the previously validated ACTION
Registry–GWTG in-hospital mortality (Data S1).19 These
included demographics, medical comorbidities, signs and
symptoms at presentation, relevant laboratory results, home
medications, insurance status, mode of transportation, use of
prehospital ECG, and time from symptom onset to first
medical contact. These covariates were included for the
purpose of adjusting for a potential imbalance in risk factors.
With sex and C2D time in the model, age and comorbidities
(hypertension, current/recent smoker, diabetes mellitus,

STEMI popula�on, study period 
07/01/2008 -12/31/2014:
N = 257,197
Number of sites: 825

Exclude: (N = 50,420)
• Hospitals without surgical capability
• Pa�ents with ECG findings not consistent 

with STEMI
• Pa�ents not transported by ambulance or 

walk-in

Exclude: (N = 41,330) 
• Missing loca�on of first ECG
• Pa�ents who did not undergo primary PCI

Exclude: (N = 26,546) 
• Undergoing primary PCI >12 hours
• Contact-to-device �me >12 hours
• Nonsystem reasons for delay in PCI 

Exclude: (N = 36,386) 
• Pa�ents transferred out
• Pa�ents transferred in

Analysis popula�on a�er sequen�al 
exclusions:
N = 102,515
Number of sites: 760

Figure 1. Patient flow. Please note that the exclusions are not all mutually exclusive. STEMI indicates ST-
segment elevation myocardial infarction; PCI, percutaneous coronary intervention.
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dyslipidemia, prior PCI, prior coronary artery bypass graft
surgery, prior heart failure, prior stroke, prior peripheral
arterial disease, heart failure, and cardiogenic shock)
remained statistically significant at the P<0.05 level in the
model. Furthermore, interaction between C2D time and sex
with respect to in-hospital mortality was explored. Odds ratios
(ORs) and 95% CIs for mortality in C2D time were reported
among female and male patients. Steps were taken to
eliminate incomplete data, and, in the final analysis, about 1%
of the variables had missing data. For modeling, missing
values in the continuous covariates were imputed to sex-
specific medians of the nonmissing values. For categorical
variables, missing values were imputed to the most frequent
groups. A P value <0.05 was considered statistically signif-
icant for all analyses. All statistical analyses were performed
using SAS version 9.4 software (SAS Institute, Cary, NC).

Results

Demographics and Comorbidities
In the analytic cohort, 27.2% of the STEMI patients were
female. Female patients with STEMI had a higher median
(25th–75th percentiles) age than their male counterparts (64
[55–75] versus 58 [51–66] years) (Table 1) and a higher
percentage of female patients were enrolled in Medicare
compared to male patients. Female STEMI patients also
presented with a higher incidence of comorbidities compared
to male patients including higher rates of hypertension,
chronic lung disease, diabetes mellitus, prior stroke, and
peripheral artery disease. Male patients had higher rates of
prior myocardial infarction and revascularization than female
patients (Table 1).

Mode of Transportation and Clinical Data
In this cohort, male and female patients with STEMI both
presented to STEMI centers that utilized prehospital ECG
transmissions at roughly equivalent rates (Table 1). Approx-
imately 61.5% of the STEMI patients arrived to the hospital via
ambulance. Female patients alerted EMS more than male
patients and arrived more often in an ambulance (65.9%
versus 59.8%). However, in all patients arriving via EMS, 70.9%
of female patients with STEMI had prehospital ECG transmit-
ted to their receiving hospitals compared with 73.9% of male
patients.

There was a higher incidence of shock and heart failure
noted on first medical contact in female patients with STEMI.
The median initial hemoglobin level was lower on admission in
the female population as was the median initial glomerular
filtration rate calculated by the Cockcroft-Gault formula
(Table 1).

Medication Use During the Index Hospitalization
More than 99% of all patients received aspirin within 24 hours
of their index hospitalization (Table 2). Female STEMI patients
received clopidogrel within 24 hours more often than male
STEMI patientwho more often received the novel thienopy-
ridine, prasugrel Bivalirudin was administered equally to
patients in the database (female patients 46.8% versus male
patients 46.7%), but intravenous glycoprotein IIa/IIIb inhibitors
were used more frequently in male patients with STEMI.

Reperfusion Times
Female STEMI patients had longer reperfusion times when
compared to male patients. The goal of arrival to ECG
≤10 minutes was reached in 75.4% of female patients
compared to 82.5% of male patients in the population. The
median (25th–75th percentiles) C2D times in female patients
with STEMI were delayed when compared to male patients (80
[65–97] versus 75 [61–90] minutes; P<0.001) (Figure 2).
Female patients also had longer C2D times than male patients
regardless of the mode of transportation and prehospital ECG
transmission (Figure 3). The majority of female patients with
STEMI in the study presented by ambulance with prehospital
ECG transmission, and the C2D time in that specific mode of
transportation was delayed compared to male patients (83
[69–99] versus 79 [65–94] minutes; P<0.001) (Figure 3).
Female STEMI patients also less frequently achieved the
target C2D ≤90 minutes than male patients (67.5% versus
75.6%; P<0.001).

Prehospital times were also prolonged in female patients in
the database. Female patients with STEMI had longer
symptom onset to first medical contact times compared to
the male patients in the cohort (75 [34 186] versus 63
[31 150] minutes; P<0.001). Given delayed prehospital times
and delayed C2D times, female patients with STEMI had
longer total ischemic times when compared to male STEMI
patients (161 [117–270] versus 145 [108–229] minutes;
P<0.001).

In-Hospital Clinical Events and Mortality
During the index hospital, there were more statistically
significant adverse clinical events in female STEMI patients
when compared to male patients (Table 3). There was a
higher rate of cardiogenic shock in female versus male
patients (5.8% versus 4.0%; P<0.001) and heart failure (5.8%
versus 3.4%; P<0.001) (Table 3).

In-hospital mortality

More female STEMI patients died in the index hospitalization
when compared to male patients(4.1% versus 2.0%; P<0.001)
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(Table 3). Analysis of the data revealed that there was a
proportional increase in adjusted risk of mortality with
increasing C2D time (Figure 4). For every 5-minute increase
in C2D time, the adjusted OR for mortality was 1.04 (95% CI,
1.03–1.06) for female patients with STEMI and 1.07 (1.06–
1.09) for male patients (P for sex by C2D interaction=0.003).
For delayed C2D time >90-minute benchmark, the OR for
mortality was 1.28 (1.12–1.45) in female patients and 1.69
(1.51–1.90) in male patients with STEMI (P for sex by C2D
interaction=0.001).

Discussion
The median C2D time in female patients is longer than male
patients, and female patients with STEMI also experience
delays in crucial admission procedures such as arrival to ECG
times. Regardless of the mode of transportation to the
hospital and prehospital ECG transmission for STEMI, female
patients have delayed times when compared to male patients
(Figure 3).

There are several proposed reasons female patients have
delayed C2D times when compared to male patients. Both
male and female patients tend to reason that their chest pain
will be self-limiting and that they would rather not burden
others with their medical issues, especially if it turns out to be
non–life-threatening.20,21 Specifically for female patients,
there is still a misperception that coronary artery disease is
not a major health problem. Although more female patients
die from coronary artery disease than breast cancer, breast

Table 1. Baseline Clinical Characteristics Stratified by Sex

Variable
Women
(n=27 839)

Men
(n=74 676)

Demographics

Age, y 64 (55–75) 58 (51–66)

Ethnicity

Caucasian,
non-Hispanic

80.6 81.2

Black, non-Hispanic 12.1 8.6

Hispanic 5.0 6.6

East Asian 1.4 2.6

Other 0.4 0.4

Weight, kg 73.6 (63.5–86.7) 88.6 (78.0–101.0)

Medicare insurance 25.1 16.0

Medical history

Diabetes mellitus 28.1 21.5

Hypertension 69.2 60.2

Current/recent
smoker (<1 year)

42.4 44.5

Prior MI 15.5 19.0

Prior CABG 4.0 5.4

Prior PCI 17.5 22.1

Dyslipidemia 53.7 52.6

Currently on dialysis 1.0 0.5

Chronic lung disease 11.3 7.0

Prior heart failure 4.9 2.8

Prior stroke 5.7 3.4

Peripheral arterial
disease

5.4 3.9

Home medication

Aspirin 30.5 31.2

P2Y12 receptor inhibitor 9.3 8.7

Blocker 28.2 22.7

Statin 29.7 29.1

ACE inhibitor or ARB 32.0 26.7

Laboratory values

Initial glycated
hemoglobin, %

6.1 (5.6–7.6) 6.0 (5.6–7.1)

High-density lipoprotein,
mg/dL

41 (34–50) 35 (30–43)

Low-density lipoprotein,
mg/dL

103 (78–132) 101 (77–127)

Initial hemoglobin, g/dL 13.4 (12.3–14.5) 15.0 (13.9–16.0)

Initial Cockcroft-Gault
estimated GFR,
mL/min

75.3 (52.5–103.9) 95.3 (73.8–102.8)

Continued

Table 1. Continued

Variable
Women
(n=27 839)

Men
(n=74 676)

Cardiac status on first medical contact

Systolic blood pressure,
mm Hg

139 (117–160) 142 (121–162)

Heart rate, beats
per min

78 (65–92) 78 (65–91)

Heart failure 5.6 3.9

Cardiogenic shock 5.6 4.2

Cardiac arrest 2.9 3.4

Mode of transport

Prehospital ECG 46.7 44.2

Ambulance 65.9 59.8

Self/family 34.1 40.2

Values are expressed as median (25th–75th percentiles) or percentage. All variables are
statistically significant at the P<0.01 level, except for aspirin and statins. ACE indicates
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary
artery bypass grafting; GFR, glomerular filtration rate; MI, myocardial infarction; PCI,
percutaneous coronary intervention.
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cancer is perceived as the major health issue facing this
population.22 This misperception that female patients do not
have coronary artery disease can translate into delayed
prehospital assessment that delays C2D times.

From prior studies, it is known that female patients wait
longer to activate EMS during a STEMI.23,24 Results from the
analysis corroborate those data as female patients have
longer symptom onset to contact times when compared to
male patients. Generally, patients with acute coronary
syndromes are reluctant to activate EMS with symptoms of
a potential acute coronary syndrome. Given that EMS is
accessible to >98% of the US population, only 61.5% of the
patients in this cohort utilized EMS as a mode of transporta-
tion for STEMI.1 This aligns with prior studies showing that
60% of STEMI patients use EMS.25 Results of this analysis
show that more female patients were transported to emer-
gency facilities by EMS than male patients. When patients

with STEMI are transported to their receiving hospitals by
EMS and a prehospital ECG is transmitted to that hospital, the
odds increase of achieving target C2D time ≤90 minutes.7 In
this cohort, female and male patients had similar prehospital
ECG transmission rates in part because male patients used
EMS less than female patients. When parsing the data in the
EMS-only cohort, prehospital ECGs for female patients with
STEMI are transmitted proportionately less than male
patients, thus decreasing the odds of female patients
reaching a C2D time ≤90 minutes. The arrival to ECG time
is also increased in female patients when prehospital ECGs
are not used.

In addition, observed in-hospital unadjusted mortality in
female patients with STEMI was twice that of their male
counterparts in this study (Table 3). Female STEMI patients
generally present at a more advanced age and with more
comorbid conditions such as diabetes mellitus and hyperten-
sion (Table 1). These risk factors may contribute to higher
mortality with STEMI. Female sex is known to be an
independent predictor of in-hospital mortality even after
adjusting for these variables.26 Although attention needs to
be focused on reducing reperfusion times, further research
needs to be performed to explore other contributing factors
that augment the risk of mortality in female patients when
C2D times are comparable between the sexes, such as: (1)
investigating preventive strategies to reduce comorbidities in
female patients who present with STEMI; (2) analyzing the
effectiveness of treatments for comorbid conditions in female
STEMI patients, and (3) examining the impact of sex-based
adverse effects of standard treatments for STEMI, which can
impact mortality.
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Figure 2. Contact-to-device time in men and women.

Table 2. In-Hospital Procedures and Treatments Stratified by
Sex

Variable, % Women (n=27 839) Men (n=74 676)

Diseased vessels during catheterization

One 42.7 39.2

Two 33.2 34.0

Three 23.4 26.1

Left ventricular ejection fraction

>50% 58.0 54.2

40% to 50% 22.9 26.0

25% to 40% 16.1 16.4

<25% 2.7 3.0

Medications within first 24 hours of the index hospitalization*

Aspirin 99.0 99.2

Clopidogrel 68.7 62.2

Prasugrel 22.9 31.7

Blocker 89.7 91.0

ACE inhibitor or ARB 52.9 56.7

Statin 77.8 81.3

Anticoagulants/IV antiplatelet agents anytime during the index
hospitalization*

Glycoprotein IIb/IIIa inhibitor 54.2 58.1

IV unfractionated heparin 69.8 71.0

Bivalirudin 46.8 46.7

Low molecular weight heparin 12.3 11.9

Fondaparinux 0.2 0.2

All variables are statistically significant at the P<0.01 level, except for aspirin, bivalirudin,
low molecular weight heparin, and fondaparinux. ACE indicates angiotensin-converting
enzyme; ARB, angiotensin receptor blocker; IV, intravenous.
*Patients in whom these medications were contraindicated were excluded.
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Although female STEMI patients present with more
comorbidities, there are possible interventions that could
reduce mortality rates in female patients with STEMI, such as
decreasing reperfusion times. Female patients with STEMI
have higher adjusted mortality than male patients and their
ischemic time is longer at every step of their medical care.

Shorter C2D times are associated with increased adjusted
survival rates in a sex-dependent fashion. For every 5-minute
decrease in C2D time, there is a 4% increase in the odds of
survival during hospitalization among female patients with
STEMI after adjusting for patient baseline characteristics.
There is a 28% increase in the odds of survival for female
patients who have C2D times within the 90-minute target
after adjusting for patient baseline characteristics. A total of
32.5% of female STEMI patients did not meet the ACCF/AHA–
recommended target time C2D ≤90 minutes compared with
24.4% of male patients. Even at the shortest C2D times,
female patients with STEMI still have higher mortality rates
when compared to male patients. The adjusted mortality rate
is higher in female STEMI patients even though the odds of
mortality is higher in male patients with delayed C2D times.

Meenes et al8 have shown that further reduction in D2B
times have not resulted in decreased mortality in patients

P < 0.001 P < 0.001 P < 0.001
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Figure 3. Contact-to-device times stratified by sex and mode of transportation. EMS indicates emergency
medical services; PHT, prehospital transmission of ECG.

Table 3. In-Hospital Clinical Events Stratified by Sex

Variable, % Women (n=27 839) Men (n=74 676) P Value

Death 4.1 2.0 <0.001

Heart failure 5.8 3.4 <0.001

Cardiogenic shock 5.8 4.0 <0.001

Stroke 0.8 0.3 <0.001

Cardiac arrest 4.4 3.4 <0.001
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with STEMI. It appears that it is prudent to shift focus to
prehospital care to investigate how C2D times can be
shortened, which will improve survival. The primary goal
should be to improve patient education about the symptoms
of an acute coronary syndrome that would ultimately lessen
symptom onset to contact time in patients, especially in
female patients. Patients also need further guidance to use
EMS for potential acute coronary syndromes, and EMS
personnel should use prehospital transmission of ECGs to
receiving hospitals as much as possible. In 2006, the ACC
launched an initiative to focus on standardized guidelines to
improve in-hospital reperfusion times.5 Since that launch, D2B
times have drastically decreased and sex-related disparities in
D2B times have improved.27 A similar initiative that is focused
on standardizing prehospital assessment would likely improve
C2D times, mitigate disparities based on sex, and improve
survival from STEMI. It is crucial that STEMI centers continue
to work with EMS personnel to increase prehospital ECG
transmission in female patients with STEMI, shorten transfer
times to STEMI centers, and explore the reasons first medical
contact time to arrival times are also delayed in female
patients, which will affect survival.

Study Limitations
This study is retrospective and based on registry data and
therefore includes the inherent limitations of those methods.

There was no true adjudication of the clinical events that
might have affected the results. The participating hospitals in
the database may not be representative of the geographical
distribution of hospitals across the country and may have
differing expertise in managing STEMI patients. Finally,
although we attempted to address the relationship between
sex and C2D time to in-hospital mortality by adjusting for a
broad range of patient-level clinical factors, the possibility of
confounding by unmeasured covariates remains.

Conclusions
To date, this is the largest analysis of STEMI patients stratified
by sex and mode of transportation and prehospital ECG to
measure the impact of the new recommended C2D reperfu-
sion metric on in-hospital mortality. It is evident that there is a
sex-based disparity in reperfusion times, in that female
patients with STEMI have longer C2D times than male
patients. Female STEMI patients also have increased mortality
when compared to male STEMI patients, partially due to
certain clinical demographics. Further investigation is needed
to mitigate the sex-specific circumstances that exacerbate
the risk of mortality for female STEMI patients. With continued
work on decreasing prehospital systems issues that cause
increased reperfusion times in female patients with STEMI,
the disparity can be improved and survival can increase in this
high-risk female patient cohort.

Figure 4. Logistic generalized estimating analysis exploring the relationship of contact-to-device time and
mortality stratified by sex.
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SUPPLEMENTAL MATERIAL 



Data S1: List of covariates 

Demographics  

Age (year)  

Sex  

Race  

Weight (kg)  

 

Medical history 

Hypertension 

Current/recent smoker 

Diabetes mellitus 

Dyslipidemia 

Prior myocardial infarction 

Prior percutaneous coronary intervention 

Prior coronary artery bypass graft surgery 

Prior heart failure 

Prior stroke 

Prior peripheral arterial disease 

 

Signs and symptoms at presentation 

Heart failure 

Cardiogenic shock 

Heart rate (bmp) 

Systolic blood pressure (mmHg) 

 

Laboratory results 

Baseline hemoglobin (g/dL) 

Baseline serum creatinine (mg/dL) 

Baseline troponin ratio (×ULN) 

 

Home medications 

Aspirin 



Clopidogrel 

Warfarin 

β-Blocker 

Angiotensin-converting enzyme inhibitor 

Angiotensin receptor blocker 

Aldosterone blocking agent 

Statin 

Non-statin lipid-lowering agent 

 

Other 

Insurance status 

Mode of transport* 

Pre-hospital ECG* 

Symptom onset to first medical contact* 

 

*Additional covariates included for this project 

 


