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Abstract:

Background: Women show greater mortality after acute myocardial infarction. We decided to

investigate whether gender affects delays and impacts in-hospital mortality in a large population.

Methods and results: We performed a patient-level analysis of 7 French MI registries from different
regions from January 2005 to December 2012. All patients with acute STEMI were included within12
hours from symptom onset and a first medical contact with a mobile intensive care unit an emergency
department of a hospital with percutaneous coronary intervention facility . Primary study outcomes
were STEMI, patient and system, delays. Secondary outcome was in-hospital mortality. 16,733
patients were included with 4,021 females (24%). Women were significantly older (mean age 70.6 vs
60.6), with higher diabetes (19.6% vs 15.4%) and hypertension rates (58.7% vs 38.8%). Patient delay
was longer in women with adjusted mean difference of 14.4 min (p< 0.001); system delay did not
differ. In-hospital death occurred 3 times more in women. This disadvantage persisted strongly

adjusting for age, therapeutic strategy and delay with a 1.85 (1.32 - 2.61) adjusted hazard ratio.

Conclusions: This overview of 16,733 real-life consecutive STEMI patients in prospective registries
over an extensive period strongly indicates gender-related discrepancies, highlighting clinically
relevant delays in seeking medical attention. However, higher in-hospital mortality was not totally
explained by clinical characteristics or delays. Dedicated studies of specific mechanisms underlying

this female disadvantage are mandatory to reduce this gender gap.
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Coronary artery disease is the leading cause of mortality in Western countries . Women have
been shown to be at greater risk of dying after acute myocardial infarction (MI), particularly in ST-
segment elevation M1 (STEMI) **, with frequently observed poorer prognosis and higher death rates,
especially during in-hospital and short-term follow-up ®335%°_ Sex differences in STEMI have been
reported regarding baseline characteristics, with greater age and higher prevalence of type-2 diabetes,
hypertension and dyslipidemia in females **"**82%% procedural characteristics also vary according
to gender, with less use of pre-hospital fibrinolysis and of invasive strategies. However, the impact of
gender appears to diminish after control for age and comorbidities "**. Nonetheless, registry results

21,24,25

highlight differences in time management , mainly regarding call time and catheterization

laboratory (cath lab) transfer time, with longer delays for females, but again modified by adjustment.
Time to treatment is known to be an essential predictor of fatal outcome in STEMI patients 232
However, the respective roles of each component of time to treatment need to be specified: the
patient’s delay in seeking medical attention and the health system’s delays (door-to-balloon time).
These delays have to be analyzed in the contemporary setting of organized networks and widespread
use of percutaneous coronary intervention (PCI) for STEMI.

The present study investigated whether gender influenced STEMI delays (patient and system delays

and ischemic time), which delay was the most influenced, and whether the effect of gender on early

outcome after STEMI, in terms of in-hospital mortality, was mediated by longer delays.

A patient-level pooled analysis was therefore performed, including patients from French registries (the
French Metaregistry collection) over a long period of time and from different regions, to investigate
the impact of gender, with increased statistical power by including real-world STEMI patients treated
by primary PCI (pPCI) and/or by fibrinolysis. It was hypothesized that this data collection would
enable precise study of the various components of STEMI delays and of whether, after adjustment,

these delays are critically different according to gender and clinically relevant.
Methods

Registries:



MI registries were developed to provide updated, exhaustive and validated data on morbidity
and mortality from cardiovascular causes, to define patient profiles, and to identify therapeutic
strategies in MI. For many years in France, regional registries have been kept up, some as part of care
networks of cardiologists and emergency physicians, to monitor practice and improve the care process,

including rates and forms of reperfusion®.

The present study pooled patient-level datato provide large validated data on the acute issue of
gender discrepancies. This surrogate of a national database provides, for the first time, a complete
overview, allowing comparison with data collected in other countries, and should help to design

strategies for improvement and educational campaigns.

All the principal investigators in all existing French registries and surveys, except one, agreed

to participate and share patient-level data (online supplement eTable 1).

All the registries, despite some methodological differences, used the same care logistics
protocols, with similar networking between hospitals and pre-hospital medical services. They all used
the same definition of STEMI, following national and international guidelines *. Particular attention
was paid to homogeneity of data. Data characteristics are summarized in the online supplement. These
registries collect data from very varying regions, differing in population density, urban or rural
predominance, geographical characteristics, and availability and distribution of interventional

cardiology centers. This diversity should allow extrapolation of the present results to other countries.
Patients

The study population consisted of all patients included in the participant registries from January 2005
to December 2012. STEMI was defined by typical chest pain lasting more than 20 minutes and less
than 12 hours and ST elevation >0.2 mV _0.2 mV in men or 0.15 mV in women in >2 precordial leads
or >0.1mV in 22 frontal leads or left bundle branch block. Only patients whose first medical contact
was an emergency department with PCl facility or a mobile intensive care unit (MICU) were included.

The French emergency healthcare system is highly medicalized: in case of chest pain, patients are



encouraged to call the emergency medical dispatch center (by phoning 15 or 112); after assessing the
probability of acute MI, the emergency physician can dispatch a MICU with a physician on board.
Patients presenting out-of-hospital cardiac arrest prior to the first medical contact (FMC) were
excluded. To maintain data consistency for the examination of trends, patients directly admitted to a
coronary care unit were also excluded.

Whereas registries collect data on a standardized set of clinical, demographic and procedural variables
along with in-hospital outcome, the present study focused only on data for demographics, time to call
and to treatment, reperfusion strategy, initial antithrombotic drugs (when known) and in-hospital

mortality.
Outcomes

The primary outcome measures of the study were the various STEMI delays **: patient delay,
from symptom onset until call to emergency service (15 or 112) or until presentation at the emergency
department (as reported by the patient); system delay, from FMC (presentation at the emergency
department or arrival of the MICU team) to thrombolysis or pPCI puncture; and total ischemic time,
from symptom onset to pPCI or thrombolysis, defined as time of puncture, as reported in all the
registries. The influence of gender on these delays was assessed, initially without adjustment, and then

stratified by age and risk factors.

The secondary outcome was in-hospital mortality, which included death from any cause occurring
during the index hospitalization for STEMI, with assessment of the influence of gender, age risk

factors, therapeutic strategy and delays.

Using this unique innovative French database, regional differences were represented. Changes were

assessed over the whole from 2005 to 2012.
Data management

For each patient, standardized data collection was performed using the specific registry case

report form (CRF). Demographic, clinical, delay and treatment data, drugs and reperfusion strategies



and in-hospital mortality were collected prospectively by emergency physicians and cardiologists and
recorded on each registry’s CRF. CRFs were anonymous, in accordance with the French data
protection commission (Commission Nationale de I'Informatique et des Libertés) guidelines; data
collection complied with the Declaration of Helsinki and was approved by local institutional review
boards. For each registry, a research assistant checked completeness of data and follow-up. Data

quality was regularly controlled within each registry, with regular audits confirming reproducibility.

Study design and oversight

The study was designed by the first and last author and approved by the scientific committee. The
scientific committee, composed of principal or representative investigators of each participant registry,
reviewed and approved the proposal.

The authors vouch for the accuracy and completeness of the data and the analysis.

Statistical analysis

Patient characteristics at baseline were described for the study population and for each group (male,
female). Continuous variables were reported as mean plus or minus standard deviation and categorical
variables as absolute and relative frequencies (percentages). Categorical variables were compared
between men and women using chi-square test, or Fisher’s exact test as appropriate; continuous
variables were compared using Student’s t test for normal distributions or on non-parametric tests for
non-normal distributions. Normal distribution was assessed for each variable on Shapiro-Wilk test.
Mean delays (i.e., patient delay, ischemic time and system delay) were compared between men
and women using Student’s t test and mean differences were reported with 95% confidence intervals.
The estimated marginal means of the delays, plus or minus standard error, adjusted on age, region,
year of enrolment and emergency call (yes/no), were compared using a generalized linear model and
mean differences were reported with 95% confidence intervals. Means were considered statistically

different when the p-value was less than 0.05.



To determine risk factors for in-hospital mortality, univariable analysis was performed for
each possible factor, using a logistic regression model. Variables with prevalence >3% and p-value
<0.15 were included in a multivariable logistic regression model, after checking correlations between
variables of interest; if variables were significantly correlated, the variable to be included in the
multivariate model was selected according to clinical relevance or on the Akaike information criterion
for multivariable models, performed on the correlating variables. Interactions were also tested; in case
of significant interaction between variables, an interaction term was included in the multivariate
model. All tests were 2 tailed. A variable was considered to be an independent risk factor for mortality
when the p-value was less than 0.05 in the multivariate model. Statistical analyses were performed

using SPSS software (version 20.0; SPSS Inc., Chicago, Illinois).

Results

Between 2005 and 2012, 18,618 consecutive STEMI patients were included prospectively in the 7
participating French registries (online supplement eTable 1). Due to the strict exclusion criteria, the
population was homogenous and confounding factors linked to modality of inclusion (MICU or

interventional cardiology center) were limited.

Within this population, 16,733 STEMI patients with call delay <12 hours were included in the study:
4,021 female and 12,712 male. Women constituted similar proportions, whichever the registry, from

21.7% (RESURCOR) to 29.9% (F Comt) (p=0.48), and whichever the year of inclusion.

Patient characteristics

Baseline characteristics of the 16,733 consecutive STEMI patients are presented in Table 1. Females
were significantly older than males (70.6 + 14 vs. 60.6 £ 13, p<0.001), with a greater proportion over
80 years of age. Regarding cardiovascular risk factors, females had higher rates of diabetes and
hypertension and were less likely to smoke. Females also had less frequent history of coronary disease

or bypass surgery. They were less likely to call an emergency dispatch center. Early medication



upstream of hospital admission, administered on the way to hospital, differed notably, with less
administration in women not only of GPIIbllla inhibitors, but also of P2Y12 inhibitors (clopidogrel,
prasugrel or ticagrelor) and even aspirin.

Emergency myocardial revascularization was performed in 14,137 patients (86.8%): 10,970 (67.4%)
by pPCI, 944 (5.8%) by fibrinolysis and 13.6% by fibrinolysis followed by rescue PCI (Table 1).
Type of reperfusion differed significantly according to gender: pPCI was more frequent than
fibrinolysis in women.

2149 patients received no reperfusion therapy (neither fibrinolysis nor pPCI): 18.3% of women and

11.6% of men (p<0.001).

Delays

To better understand the complex relationship between gender and delay, the various
components of delay were examined separately, as reported in eTable 2. Firstly, patient delay was
longer in women, with a mean difference of 20 min, whatever the type of first medical contact sought:
dispatch center call, or direct arrival in an emergency department. Interestingly, more women
experienced absence of recommendation after calling the dispatch center and then presented
themselves to the ED after having called (20.7% vs 11.5%) resulting in significant longer
patient delay, even after adjustment. Even with the shorter recommended dispatch center care
process, women waited more than 20 minutes before seeking treatment. This difference was found
regardless of the age group, except for those under 50 (Figure 1A) and was stable over time (Figure
1B). Risk factors for longer patient delays were age over 70, female sex and diabetes (online
supplement eTable 3). The time elapsed between the first medical contact and the reperfusion
did not significantly differ with gender (online supplement, eTable2). Whereas system delay
appeared not to significantly differ between genders, initial patient delay significantly impacted total
ischemic time,. As a result, the overall ischemic time mean difference between genders was 16
minutes before and 19 minutes after adjustment. This difference seemed particularly to affect women

in case of pPCI, but only in non-adjusted analysis.



As reported in eTable 2, after adjustment on clinical characteristics such as age and risk
factors, only time difference in patient delay persisted, where the mean difference was 14 minutes

longer in women.
In-hospital mortality

In this collection of pooled patient data, in-hospital mortality was 2.4 times higher in women
than men. Global in-hospital mortality was 9.6% in women and 3.9% in men (p<0.001). In-hospital
mortality did not vary substantially over the inclusion period from 2005 to 2012. Nor was there any
significant difference according to the geographical regions of the various registries. On the other

hand, in-hospital mortality varied not only according to gender but also to age, as reported in Figure 2.

Predictive factors for in-hospital mortality are presented in Table 2. On univariable analysis,
the main predictors were gender, age, diabetes, smoking and hypertension, whereas pPCI appeared to
be protective. However, on multivariable analysis, only gender, age and most of all diabetes remained

as predictive factors.

Discussion

The present study, based on a unique French collection of pooled patient data, analyzed the impact of
gender on delays and in-hospital mortality in STEMI patients between 2005 and 2012. Sex differences
in outcome were previously reported ***, but it remained unclear whether this represented a true
difference in the biology of the disease or was rather due to confounding differences in baseline
factors: cardiovascular risk profile and/or health-care utilization. The present analysis of 16,733

prospectively included patients had the statistical power to progress in decoding this gender gap.
Delays

The first finding was that, of the various components of delay, only patient delay differed between
genders on multivariable analysis. Similar findings had been reported in the Canadian comparative

cohort study®. Conversely, system delay and ischemic time were not significantly influenced by
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gender after adjustment, which is reassuring from the point of view of medical support quality. A
Dutch multicenter study reported longer ischemic time in women treated by pPCI for STEMI, with
longer diagnosis-to-balloon time ?* on univariate analysis, multivariate analysis revealing that this
delay was mainly prolonged by age and comorbidity. In our study, ischemic time was split into its two
main components: patient delay (call time) and system delay. This point is important to clarify and
guide future improvement programs targeting women in order to improve their awareness and
accelerate their care-seeking response to symptoms *°. A recent qualitative study ** found that women,
and particularly younger ones, did not accurately assess their cardiovascular risk, contributing to delay
in identifying MI symptoms and thus impacting the health-care system. The Canadian study showed
that patient education campaigns could be effective in improving patient awareness and affecting
response to symptoms '°. A recent retrospective study including 2297 STEMI patient analyzed
characteristics associated with prolonged ischemic time, they found that self-presentation, and
unmarried women had longer delays™®.

The present study included only STEMI patients presenting in an emergency department with PCI
facilities or else managed by MICU; cases involving interhospital transfer were excluded, to minimize
bias. Thus the results do not show longer system delay for women, as previously reported, especially
in terms of lower priority for MICU management ** and higher rates of overlooked pre-hospital
STEMI diagnosis *’. The recent Swiss study observed, in of 4723 patients presented with acute MI,
discrimination of elderly patients and females in the provision of pPCI *. Likewise the American
observational study of young MI patients VIRGO *° found that young female are less likely to receive
reperfusion therapy and have more reperfusion delays than similarly aged men, particularly among
patients transferred to PCI as previously reported “°. But the latest were not included in our study. Our
French large analysis, supports that longer ischemic times are directly linked to the patient’s delay in

calling, with limited possibilities of improvement in the medical care process in this setting of patients.

Invasive therapies
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Though the difference in mortality rate between men and women with acute MI is largely due to
differences in age and comorbidities, reperfusion strategy may also be involved. In fact, the impact of
gender on the implementation of invasive strategies was one of the first gender discrepancies to be
described, in the early 1990s*, and still reported even in the 2000s >*##%%> Moreover, treatment
modality was shown to partly explain the poorer prognosis found in women experiencing STEMI.
Microsimulation analysis performed on the 1999 Nationwide French Hospitals Database suggested
that women would derive benefit from more frequent use of PCI’. However propensity score analysis,
with matching on both baseline characteristics and treatment, showed comparable 30-day mortality
between genders *'. Compared to these studies, we found a higher rate of invasive strategy, especially
in favor of pPCI. The higher rate of pPCI could also be related to the inclusion criteria. Nonetheless,
multivariate analysis in the present large population showed that this did not contribute to increased

mortality (Table 2).

Mortality

The second finding is that female gender showed a 2.5-fold increased crude in-hospital mortality. This
disadvantage persisted after adjustment on age, year of inclusion, therapeutic strategy and even delay
(Table 2). No heterogeneity in mortality according to gender was found between geographical
regions. Similarly, the recent meta-analysis by Pancholy et al.  reported mortality in women with
STEMI treated by pPCI to be nearly 2-fold higher than in men. As in our study, women with STEMI
had a poorer baseline cardiovascular risk profile, tended to be older at presentation, and had higher
prevalence of diabetes and high blood pressure. Using adjusted models, the mortality remained high in
women as compared to men. However, this meta-analysis was not performed on individual data and
risk estimates might have been biased despite adjustment. Conversely, as our analysis was performed
on patient-level data without restriction in individual data, the strength of our estimates is reinforced.
An interesting hypothesis raised by Pancholy ® was that women seek medical care only in the more

severe cases, otherwise tending to minimize symptoms and not reach the health-care system. We were
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unable to explore this hypothesis as current studies and registries are not designed to explore this
consideration. The present observational data does also not provide any causal account. Thus, these
preliminary results confirm gender disparity, but are hypothesis-generating and need large-scale
prospective confirmation. Further prospective data collections are mandatory to explore the underlying

mechanisms.

To our knowledge, this study is the first comprehensive large-scale patient-level analysis not only of
in-hospital mortality but also of ischemic time components in STEMI.

The strengths of our Metaregistry include the patient-level analysis, which makes our findings
particularly robust as they derive from individual patient-level data from prospective registries, with
data monitoring. Secondly, data were collected over a long period and from a diversity of regions.
Finally, the narrow and well defined exposure measures (STEMI <12h, with first medical contact in an
emergency department with PCI facility or MICU) and outcome measures (patient and system delays
and in-hospital mortality) limit the risk of measurement error.

Nevertheless this pooled analysis had several limitations. First, regarding investigation of gender
differences, the observational design could not rule out unknown confounding factors. Furthermore,
for homogeneity in the population, we decided to exclude patients presenting after 12 hours of
symptoms, out of hospital cardiac arrest and patients transferred from non PCI hospital, thereby
limiting to depict real-world difference. Second, only all-cause mortality was reported, rather than
specific cardiovascular mortality, owing to the lack of specific data. Likewise, data regarding vascular
access, bivalirudin or heparin use were not reported in most of the registries. Moreover, one frequent
in-hospital complication known in women is bleeding, in particular after fibrinolytic therapy®®, and
this variable was not recorded in most of the registries. Future prospective studies would have to

itemize this complication.

For the first time, the present study provides an overview of 16,733 real-life consecutive STEMI
patients prospectively included in the 7 main French registries from 2005 to 2012. The results strongly

support a discrepancy between women and men, emphasizing clinically relevant longer delays in
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seeking medical attention. However, the crude 2.4-fold higher in-hospital mortality rate of women
cannot be explained solely by delays, and persists with a nearly 2-fold higher risk even after
adjustments. This result highlights the need for dedicated prospective studies to determine the specific
mechanisms underlying this excess risk associated with female gender and to develop appropriate

measures to optimize the health-care process and prevention in women to reduce this gender gap.
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Table 1: Patient characteristics

Age (mean £ SD)
Age < 50 years n (%)
Age > 80 years n (%)
Type-2 Diabetes* n (%)
N= 12,764
HBP* n (%)
N=12,511
Current smoker* n (%)
N =12,848
Previous CAD™* n (%)
N = 16,366
Previous CABG* n (%)

N =12,768

60.6 £13.2

2785 (86.8)

1,152 (46.5)

1,476 (15.4)

3,651 (38.8)

4,475 (46.2)

2,466 (19.9)

350 (3.6)

70.6 +14.3

424 (13.2)

1,327 (53.5)

623 (19.6)

1,826 (58.7)

820 (25.9)

662 ( 16.8)

87 (2.8)

63 +14.2

3,209

2,479

2,099 (16.4)

5,477 (43.8)

5,295 (41.2)

3,128 (19.1)

437 (3.4)

Men Women TOTAL P
(N=12,712) (N=4,021) (N=16,733) value
Registry n (%)

FAST 2010 978 (76.4) 302 (23.6) 1,280

F comt 1,344 (70.1) 573 (29.9) 1,917

ORBI 3,122 (77.4) 911 (22.6) 4,033

Resca31+ 369 (75.8) 118 (24.2) 487 0.48

RESCUe 3,003 (76.2) 937 (23.8) 3,940

RESURCOR 2,983 (78.3) 828 (21.7) 3,811

RICO 913 (72.2) 352 (27.8) 1,265

<0.001

<0.001

<0.001

<0.001

<0.001

0.03
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management

Use of emergency call
number n (%)
Pre-hospital aspirin n
(%)
N = 10,000
Pre-hospital P2Y12
inhibitors n (%0)
N =9,616
Pre-hospital GPllIbllla
inhibitors n (%)
N = 10,837
Reperfusion n (%)
Fibrinolysis only
Primary PCI
Rescue PCI

No reperfusion

8,729 (68.7)

7,278 (94.9)

6,457 (87.7)

2,783 (33.5)

774 (6.2)
8,396 (67.6)
1,815 (14.6)

1,442 (11.6)

2,555 (163.5)

2,177 (93.4)

1,916 (85)

716 (28.3)

170 (4.4)
2,574 (66.7)
408 (10.6)

707 (18.3)

11,284 (67.4)

9,455 (94.6)

8,373 (87.1)

3,499 (32.3)

944 (5.8)
10,970 (67.4)
2,223 (13.6)

2,149 (13.2)

<0.001

0.018

0.004

<0.001

<0.001

*N indicates the number of patients with available data

CABG: coronary aortic bypass grafting; CAD: coronary artery disease; HBP: High Blood Pressure;

PCI: percutaneous coronary intervention; SD: standard deviation

21




Table 2: Univariable and multivariable predictors of mortality

VARIABLES

Sex (female/male)

AGE (per year)

Reperfusion
Fibrinolysis only
Primary PCI
Rescue PCI

Risk Factors
Type-2 Diabetes
HBP
Current Smoker
Previous CAD
Previous CABG

Use of Emergency Call

Number

Inclusion Date

Delays
Patient Delay**

Ischemic Time**

UNIVARIABLE
2.47 (2.07-2.93)
1.069 (1.061 -

1.076)

Ref.
0.65 (0.47-0.91)

0.73 (0.49 — 1.08)

1.92 (1.54-2.38)
2.11 (1.74-2.56)
0.34 (0.27-0.43)
0.96 (0.77-1.19)
1.46 (0.90-2.35)

0.91 (0.78-1.07)

0.98 (0.93-1.03)

1.001 (1.000-1.001)

1.000 (1.000-1.000)

p
<0.001

<0.001

0.011

0.12

<0.001
<0.001
<0.001
0.69
0.20

0.26

0.33

0.18

0.27

MUTIVARIABLE*
1.85 (1.32 - 2.61)

1.064 (1.049 —1.080)

Ref.
1.45 (0.57 - 3.72)

2.88 (0.98 - 8.40)

10.06 (2.07 - 48.85)
1.11 (0.88 - 1.41)

1.15 (0.83-1.60)

0.998 (0.993-1.003)

1.007 (1.002 — 1.012)

<0.001

<0.001

0.44

0.053

0.004

0.36

0.39

0.42

0.011

CABG: coronary aortic bypass grafting; CAD: coronary artery disease; HBP: High Blood Pressure;

PCI: percutaneous coronary intervention
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*In the multivariable analysis, all significant interactions were included in the model ([ischemic time
and reperfusion, p=0.022], [patient delay and age, p=0.03], [patient delay and gender, p=0.047],

[gender and smoking status, p=0.02], [age and diabetes, p=0.009])

** Although the patient delay and ischemic time variables were not found to be significantly
associated with an increased risk of death on univariable analysis, these variables were included in the

multivariate model as they were found to be in interaction with other variables

No difference was found comparing registries
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Figure legends

Figure 1: Patient delay according to age (A) and year of inclusion (B). ( mean + 95%Cl;

ANOVA p<0.001 for each figure)

Figure 2: In-hospital mortality rate according to age in deciles. Univariate odds ratio

and interquartile range for in-hospital mortality
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HIGHLIGHTS

Question: In contemporary area of STEMI care process, does gender independently impact

time management and in-hospital mortality?

Findings: This French Metaregister pooling 16,733 patients showed that patient delay is
indeed significantly longer in women whereas the system delay did not differ. Women
experienced in-hospital death 2-4 times more often, this disadvantage persisted after

adjustments.

Meaning: Discrepancy between women and men with STEMI still highlighting the need for
dedicated prospective studies to determine the specific mechanisms underlying this excess

risk and to optimize the health-care process to reduce this gender gap.
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