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Abstract

Background: The available evidence about the effect of gender and/or sex on mortality differences is con-
tradictory. Our aim is to assess the impact of gender on the access to reperfusion therapy in patients with acute
coronary syndrome with ST-segment elevation (STEMI), and secondly, to analyze the effect of delay on the
differences with regard to hospital mortality.

Methods: A retrospective cohort study was conducted among consecutive patients with STEMI included in the
ARIAM-SEMICYUC registry (2010-2013).

Results: A total of 4816 patients were included (22.09% women). Women were older, presented with longer
patient delay (90 vs. 75 minutes, p=0.0066), higher risk profile (GRACE > 140: 75.1% vs. 56.05%, p <0.0001),
and received less reperfusion therapy (68.8% vs. 74.7%, p <0.0001) with longer total reperfusion time (307 vs.
240 minutes, p <0.0001). Women received less thrombolysis (24.53% vs. 29.98%, p <0.0001) and longer door-
to-needle time (85 vs. 70 minutes, p 0.0023). We found no differences regarding primary percutaneous coronary
intervention or door-to-balloon time. Women also had higher hospital mortality (crude odds ratio 2.54, 95%
confidence interval 1.99-3.26, p<0.0001), which persisted after controlling the effect of patient delay, age, risk
(GRACE), and reperfusion (adjusted odds ratio 1.43, 95% confidence interval 1.0-2.06, p=0.0492). Using
TIMI or Killip risk scores as risk estimates yielded nonsignificant results.

Conclusions: Compared with men, women with STEMI have worse access to reperfusion and higher hospital
mortality. The impact of the differences in accessibility on mortality gap remains uncertain.

Introduction is not known exactly whether this is a question of sex or gender.
The term “‘sex” includes features biologically determined by
MORE THAN 15 YEARS after recognition of the effect of genotype. The term “‘gender” refers to social roles (the net-
gender/sex in ischemic heart disease' and the evolu-  work of attitudes, values, and behaviors that differentiates men
tion of the care processes involved, women with acute from women). Without ignoring the biological differences, the
myocardial infarction with ST elevation (STEMI) still have  gender approach allows us to propose the research questions in
higher in-hospital mortality>” and are more likely to be terms of disparity or inequality.
treated conservatively.*~° These differences in the prognosis of acute coronary
The available evidence about the effect of gender and/or sex  syndrome according to sex/gender have been observed in
on mortality differences is contradictory.”® This may be due to  Western countries' including Spain.'* This study tries to
the weight attributable to biological differences, age,®” differ- quantify differences in accessibility to the Spanish health
ent clinical presentation,'® or inequity problems due to under- ~ system among women with STEMI compared with males and
utilization of evidence-based treatments.*>!" Women also to analyze the effect of the delay and its determinants on the
show consistently longer delay before reperfusion therapy.'? It differences in mortality.

'Intensive Care and Coronary Unit, Hospital General Universitario de Elche, Elche, Alicante, Spain.
’Intensive Care and Coronary Unit, Hospital General de Castelld, Castelld, Castelld, Spain.
3Intensive Care and Coronary Unit, Hospital Universitario y Politécnico la Fe, Valencia, Spain.
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Methods
Study population and data collection

We conducted a retrospective cohort analysis based on the
ARIAM-SEMICYUC registry (in-hospital, national level) of
consecutive patients over 18 years of age with suspected
STEMI, admitted within 48 hours of the episode to coronary
or intensive care units in Spain during the period 2010-2013.
The study is presented following the STROBE (STrength-
ening the Reporting of OBservational studies in Epidemio-
logy) recommendations.'®

The registry involves 60 public and private hospitals in
Spain. Each year over a period of 3 months, the participating
centers anonymously communicate patient data. Data are
entered in the registry through a Web application.

The follow-up period extended until hospital discharge.
The data are kept anonymous, and the database is built with
Web technology adjusted to the rules of data protection in
Spain.

Definitions and study variables

The exposure variable considered was gender. The end-
points of the study were total reperfusion time—as a proxy to
accessibility—and hospital mortality. Other response vari-
ables considered were reperfusion therapy, delay intervals
(patient delay and health system delay) and both percutane-
ous (primary percutaneous coronary intervention [PCI]) and
pharmacological (thrombolysis) coronary reperfusion. Pa-
tient delay was considered as the time between onset of
symptoms and first medical contact (FMC). System delay
was considered as the interval from the FMC to the onset of
reperfusion therapy. The total reperfusion time was defined
as the period between the onset of symptoms and the passage
of the guide to the culprit lesion or the time of administration
of thrombolysis.'® This period was right-censored to 720
minutes (12 hours).

The potential confounding variables were age; patient
history (angina, recent severe angina, previous myocardial
infarction, known coronary artery disease, history of bleed-
ing, stroke, chronic obstructive pulmonary disease, heart
failure, peripheral artery disease and chronic renal failure);
coronary risk factors (smoking, hypertension, family history,
dyslipidemia, diabetes mellitus, and obesity); the character-
istics of the episode, both electrocardiographic and clinical;
initial severity scores (thrombolysis in myocardial infarction
[TIMI], Killip, and Global Registry of Acute Coronary
Events [GRACE] scores); and CRUSADE hemorrhagic
score. Definitions and encoding of the registry variables are
available on the SEMICYUC website (www.semicyuc.org).
The cutoff points considered in the GRACE risk score were
those established to estimate hospital mortality: low risk
(<108), medium (109-140), and high risk (>140)."” With
regard to the TIMI score, increased risk was considered with
scores above 4 points.'®

Statistical methods

Categorical variables were summarized as proportions and
continuous variables as medians with interquartile range. The
association between categorical variables was tested by chi-
square test. Nonparametric tests (the Mann-Whitney U test for
two groups or the Kruskal-Wallis test for three or more groups)
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were applied to evaluate differences for continuous variables.
For ordinal variables we used a chi-square test for linear trend.
For access time analysis we used the Wilcoxon test, which
gives more weight to early differences in time than the log rank
test. Survival analyses (Kaplan-Meier) were used to compare
total reperfusion time between men and women.

To analyze the association between hospital mortality and
gender, we designed a causal model using logistic regression
to control the effect of patient delay and other potentially
involved variables, such as age, reperfusion, and the severity
of patients on admission (GRACE score). Among the risk
scores, we chose GRACE as a determinant of risk because it
is derived from a large unbiased multinational registry to
predict in-hospital patient mortality. In clinical practice,
GRACE risk score provides a good ability to assess the risk
for death. The components of the GRACE risk score are age,
heart rate, systolic blood pressure, Killip class, cardiac arrest,
ST-segment deviation, serum creatinine, and initial cardiac
biomarker status. Sex was considered in the development of
this score and was not a statistically significant predictor
associated with hospital mortality."”

On the other hand, TIMI risk score is derived from data-
bases from clinical trials, which tend to exclude high-risk
patients. Furthermore, the determinants of mortality were
developed in populations treated with thrombolysis,'® so
TIMI was not considered fully representative of the clinical
spectrum of patients in daily practice, reperfused mainly by
primary PCI. An additional reason for not choosing a risk
score based on data from clinical trials is the underrepre-
sentation of women in clinical trials.°

In order to test the diagnostic accuracy of the scores in our
cohort, we calculated receiver operating characteristic (ROC)
curves and area under the ROC curve (AUC).

The statistical tests were two-sided, with a significance
level (type 1 error) of 5%.

All analyses were performed with the use of the StatsDirect
medical statistics software, version 2.8.0 (Cheshire, UK).

Results

A total of 4816 patients with acute coronary syndrome
with ST elevation (STEMI) were included. Of these, 1064
patients (22.1%) were women. Demographic and cardiovas-
cular risk profiles are shown in Table 1. Women with STEMI
were older (74 vs. 62 years, p<0.0001), with more co-
morbidity: hypertension (67.2% vs. 50.2%, p <0.0001), dia-
betes (25.6% vs. 20.8%, p=0.0033), and obesity with body
mass index >30 (25.2% vs. 21.4%, p=0.0124). They also had
more history of congestive heart failure than did men with
STEMI (3.2% vs. 1.5%, p=0.0003).

With regard to the characteristics of the episode (Table 2),
women with STEMI had more painless or atypical symptoms
(14.2% vs. 11.8%, p=0.035), less obvious electrocardio-
graphic changes (23.3% vs. 19 7%, p=0.036), and greater
ischemic and hemorrhagic risk (measured by the GRACE and
CRUSADE scores).

No differences were found in terms of access to health
care. However, once the system was contacted, transport
resources mobilized for women were not as often fully
equipped ambulances with personnel trained to perform and
interpret a 12-lead electrocardiogram (34.7% vs. 38.4%,
p<0.0001) as they were for men (Table 2).



ACCESS OF WOMEN TO REPERFUSION THERAPY IN STEMI 3
TABLE 1. CLINICAL AND DEMOGRAPHIC CHARACTERISTICS OF PATIENTS
Men Women
N=3752 (77.90%) N=1064 (22.09%) P

Demographics
Age (years), median (IQR) 62 (53-72) 74 (62-81) <0.0001
Cardiovascular risk factors
Hypertension 1855/3695 (50.20%) 709/1054 (67.27%) <0.0001
Type 1 diabetes 32/3656 (0.88%) 11/1028 (1.07%) 0.0033
Type 2 diabetes 763/3656 (20.87%) 264/1028 (25.68%) 0.0033
Dyslipidemia 1686/3679 (45.83%) 503/1050 (47.9%) 0.2338
Obesity 740/3446 (21.47%) 245/970 (25.26%) 0.0124
Smoking <0.0001

Nonsmokers 927/3512 (26.4%) 661/922 (71.69%)

Current smokers 1681/3512 (47.86%) 207/922 (22.45%)

Ex-smokers 904/3512 (25.74%) 54/922 (5.86%)
Family history of coronary disease 463/3552 (13.03%) 90/1008 (8.93%) 0.0004
Comorbidity
COPD 228/3713 (6.14%) 43/1053 (4.07%) 0.0104
Stroke 155/3719 (4.17%) 54/1056 (5.11%) 0.1849
Chronic renal disease 86/3719 (2.31%) 37/1057 (3.5%) 0.0314
Peripheral artery disease 152/3717 (4.09%) 27/1057 (2.55%) 0.0205
Prior cardiac events
MI 463/3715 (12.46%) 84/1057 (7.95%) <0.0001
Heart failure 56/3719 (1.51%) 34/1057 (3.22%) 0.0003
Prior bleeding history
Prior bleeding history 45/3717 (1.21%) 13/1057 (1.23%) 0.9598

Values are numbers (percentage) unless stated otherwise.

COPD, chronic obstructive pulmonary disease; IQR, interquartile range; MI, myocardial infarction.

Despite having a greater risk of the episode, women ex-
perienced a longer delay from the onset of symptoms to FMC
(90 vs. 75 minutes, p=0.0066), especially those who con-
tacted the health care system through the hospital emer-
gency department (120 vs. 107 minutes, p=0.0371) or
primary care emergency department (104 minutes vs. 77
minutes, p=0.0028).

Adjunctive antiplatelet therapy (acetylsalicylic acid and
thienopyridines) was administered equally to men and women
in both primary care and hospital emergency departments
(Table 3).

The overall percentage of reperfusion-treated patients
(Table 3) was significantly lower among women (68.8% vs.
74.7%, p<0.0001). With regard to the methods of reperfu-
sion, women received less thrombolysis (24.5% vs. 29.9%,
p<0.0001) with a longer door-to-needle time (85 vs. 70
minutes, p=0.0023). However, no differences were observed
regarding reperfusion by primary PCI (44.22% vs. 44.69%)
(Table 3). In total reperfusion time (considered as time from
the onset of symptoms to reperfusion treatment) was longer in
women (347 vs. 255 minutes, p <0.0001), as shown in Figure
1, with a hazard ratio (HR) of 0.79 (95% confidence interval
[CI] 0.73-0,87, p<0.0001).

Considering both methods separately, no differences were
found in symptoms-to-balloon delay (HR 0.94 95% CI 0.84—
1.06, p=0.3455) between men and women treated by PCL
However, differences remain for thrombolytic therapy (symp-
toms-to-needle delay) (HR 0.70, 95% C10.61-0.80, p <0.0001).

Women had higher mortality at discharge (13.8% vs. 5.9%,
p<0.0001) (Table 3). Excess in-hospital mortality of women
with STEMI (crude odds ratio [OR] 2.54, 95% CI 1.99-3.26,
p<0.0001) was adjusted by controlling the effect of age,

severity, patient delay, and reperfusion therapy (considering
the effect of thrombolysis and PCI independently) as is
shown in Table 4. After controlling the effect of patient delay,
age, both different methods of reperfusion therapy, and the
risk of the episode, we found no significant changes in the
association between in-hospital mortality and gender (ad-
justed OR 1.43, 95% CI 1.00-2.06, p =0.049). As the inferior
limit of 95% CI was close to the limit of significance, we
performed sensitivity analyses using TIMI and Killip risk
scores as predictors of risk. Differences in hospital mortality
were no longer observed, neither using TIMI risk score (ad-
justed OR 1.09, 95% CI0.77 —1.54, p=0.626) nor Killip risk
score (adjusted OR 1.37; 95% CI 0.89-2.10).

Discussion

This study analyzes the differences in access to reperfusion
treatment for women in Spain and the impact of these dif-
ferences on hospital mortality. As found in other published
studies,4’13’21 women with STEMI in this study had worse
access to reperfusion therapy than did men, mainly due to
patient delay. Women were treated for reperfusion less and
later. No differences were detected regarding system delay,
except among thrombolyzed patients. This increased patient
delay in women can be interpreted as a problem of disparity®>
related to gender due to bioloégical, social, behavioral, cog-
nitive, and emotional factors® rather than a problem of re-
source allocation, with some exceptions such as mobilization
of fully equipped ambulances after the first contact.

This study highlights the different behavior of the two
methods of reperfusion therapy with respect to gender. The
probability of a woman being treated with thrombolysis is
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TABLE 2. PRESENTATION, ACCESSIBILITY, AND DELAYS
Men Women
n=3752 (77.90%) n=1064 (22.09%) p
ECG presentation
ST-segment elevation >2 mm/ >2 derivations 2865/3646 (78.58%) 782/1039 (75.26%) 0.0361

ST-segment elevation <2 mm/ <2 derivations
New (or presumed new) LBBB

Clinical presentation
Typical symptoms
Atypical symptoms
No symptoms

Risk scores at presentation.
KK M-IV
TIMI=4
GRACE

<108

109-140

>140

CRUSADE, median (IQR)

First medical contact (FMC)
061/112 (emergency phone number)
Primary care emergency department
General practitioners

Hospital emergency department
In-hospital contact

Others

Transport to hospital emergency department
061/112 (Medicalized)

Paramedics

Patient/relatives

Others

Patient delay (PD): Symptoms onset to FMC
Symptoms onset to FMC

PD depending on FMC:

061/112 (Emergency phone number)
Primary care emergency department

General practitioners

Hospital emergency department

In-hospital contact

Others

System delay: FMC to reperfusion therapy

FMC-to-balloon time (minutes) in primary PCI
FMC-to-needle time (minutes) in thrombolysis
Total time from FMC to reperfusion (minutes)

Total reperfusion time: Symptoms to reperfusion

Total time from symptoms to reperfusion
Time from symptoms to reperfusion therapy
In thrombolysis
In primary PCI

718/3646 (19.69%)
63/3646 (1.73%)

2514/2851 (88.18%)
237/2851 (8.31%)
100/2851 (3.51%)

289/3689 (7.83%)
1348/2754 (48.95%)

355/3704 (9.58%)
1273/3704 (34.37%)
2076/3704 (56.05%)

34 (20-48)

712/3722 (19.13%)
1144/3722 (30.74%)
151/3722 (4.06%)
1407/3722 (37.8%)
72/3722 (1.93%)
236/3722 (6.34%)

1425/3722 (38.39%)
191/3722 (5.13%)
1745/3722 (46.88%)
357/3722 (9.59%)

75 (31-184)

45 (25-109.5)

77 (33-180)

60 (30-251.5)

107 (51-240)
5 (1-30)
61 (28-190)

125 (90-201)
70 (40-112)
105 (65-160)

240 (141-720)

160 (100-254)
226 (155-415)

242/1039 (23.29%)
15/1039 (1.44%)

697/813 (85.73%) 0.035
76/813 (9.35%)
40/813 (4.92%)

100/1042 (9.6%) 0.0674
604/789 (76.55%) <0.0001
<0.0001

40/1045 (3.83%)
220/1045 (21.05%)
785/1045 (75.12%)
51 (38-60) <0.0001

206/1053 (19.56%) 0.2907
306/1053 (29.06%)

55/1053 (5.22%)
390/1053 (37.04%)

29/1053 (2.75%)

67/1053 (6.36%)

365/1053 (34.66%) <0.0001
92/1053 (8.74%)

480/1053 (45.58%)

116/1053 (11.02%)

90 (44-215) 0.0066
50 (30-120) 0.2936
104 (45-255) 0.0028
61 (30-180) 0.6938
120 (60-262) 0.0371
5 (1-10) 0.4699
87.5 (30-140) 0.6855
135 (94-210) 0.134
85 (51-135) 0.0023
120 (75-180) 0.9401
307 (163-720) <0.0001
180 (120-270) 0.0213
255 (160-474) 0.0415

Values are numbers (percentages).

Delays are presented in minutes, as medians and interquartile ranges (IQR).
CRUSADE, Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the
American College of Cardiology/American Heart Association guidelines; ECG, electrocardiogram; FMC, first medical contact; GRACE,
Global Registry of Acute Coronary Events; KK, Killip-Kimball; LBBB, left bundle branch block; PCI, percutaneous coronary intervention;

TIMI, thrombolysis in myocardial infarction.

30% less than for a man (HR 0.70, 95% CI 0.61-0.80,
p<0.0001), whereas no differences were found in the re-
perfusion treatment by primary PCI (HR 0.94, 95% CI 0.84—
1.06, p=0.3455). In this regard, our results differ from
other publications, showing identical difficulties of access for
women for both methods of reperfusion treatment.*'>?! This

finding, which merits further investigation, may be due to
differences in both clinical and electrocardiographic presen-
tation, more subtle in women, as well as increased baseline
bleeding risk. In any case, this appears to be associated with
gender disparity more than inequity in resource use, since such
differences have not been observed to primary PCI.
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TABLE 3. REPERFUSION, ADJIUNCTIVE ANTIPLATELET THERAPY, AND HOSPITAL MORTALITY
Men Women
n=23752 (77.90%) n=1064 (22.09%) p

Adjunctive antiplatelet therapy at FMC
ASA

Administered at primary care ED 594/3287 (18.07%) 141/933 (15.11%) 0.035

Administered at hospital ED 1581/3287 (51.9%) 457/933 (51.02%) 0.633
Thienopyridines

Administered at primary care ED 128/1884 (6.79%) 29/543 (5.84%) 0.225

Administered at hospital ED 869/1884 (46.135) 262/543 (48.25%) 0.381
Reperfusion therapy

Thrombolysis 117/3726 (29.98%) 259/1056 (24.53%) <0.0001

PCT* 1665/3726 (44.69%) 467/1056 (44.22%)

Nontreated 94473726 (25.33%) 330/1056 (31.25%)
Contraindications to fibrinolytic therapy 546/3726 (14.65%) 213/1056 (20.17%) <0.0001
Total reperfused patients 2782/3726 (74.75%) 726/1053 (68.84%) 0.0001
Mortality
Hospital mortality 176/2964 (5.94%) 118/854 (13.82%) <0.0001

Values are given as numbers (percentage).

“Includes reperfusion treated patients in the first 12 hours, either by thrombolysis or primary PCL

ASA, acetylsalicylic acid; ED, emergency department.

In our model, the higher baseline risk, older age, longer
patient delay, and the lower rate of reperfusion treatment
compared with males contribute in part to this excess mor-
tality, but gender remains an independent factor associated
with hospital mortality, regardless of the method of re-
perfusion considered, when GRACE risk scores were used.
The results of the analysis were different when the baseline
severity was controlled by GRACE instead of when TIMI or
Killip were used. Therefore, despite the GRACE risk score
showing the greatest AUC (Table 5), these results should be
viewed with caution.

No independent association between patient delay, total
delay before reperfusion, and hospital mortality was found
(adjusted OR 1.00, 95% CI 0.99-1.00, p=0.3846). This may
be due, at least in part, to the fact that because of the effec-
tiveness of the primary PCI (which in this study is the method
of reperfusion used in almost half of patients), it is less time
dependent than thrombolysis.**%’

% Non reperfused patients
1.00

0.75

0.50

0.25

77 T T T

Minutes

FIG. 1. Time from symptoms to reperfusion therapy:
Survival analysis.

Some limitations of our study merit emphasis. Our ad-
justed analysis does not consider the possible underutilization
of other evidence-based therapies (such beta blockers or
statins) that may impact on results.* Additional gender-
related confounders as comorbidities and other clinical, so-
cial, behavioral, cognitive, and emotional conditions not
included in our model can also influence our results. This
study also lacks information about population dispersion.
Another important limitation is that our analysis is based on a
single registry and is not a population-based study, so we
have no data for those patients who fail to contact the health
care system, who would be the most serious cases and die
before the first medical contact.®* Despite this, the ARIAM-
SEMICYUC registry provides a representative, unselected
spectrum of patients seen in clinical practice in Spain.*°

TABLE 4. OpDS FOR HOSPITAL MORTALITY IN WOMEN
VERSUS MEN, AND ADJUSTMENT FOR CONFUSION
DUE TO AGE, SEVERITY, PATIENT DELAY,

AND REPERFUSION THERAPY

OR (95% CI) p

Crude analysis

Gender (women vs. men)  2.54 (1.99-3.26) <0.0001

Adjusted analysis*

Gender adjusted for all 1.43 (1.00-2.06) 0.049
factors considered

GRACE 1.04 (1.035-1.04)  <0.0001

Patient delay 1.00 (0.99-1.00) 0.3846

Age 1.02 (1.00-1.03) 0.0307

Reperfusion therapy 0.55 (0.36-0.85) 0.0065
(primary PCI)

Reperfusion therapy 1.13 (0.70-1.81) 0.5961

(thrombolysis)

*Every single confounder is presented adjusted to the rest of
variables included.
CI, confidence interval; OR, odds ratio.



TaBLE 5. DiagNosTIC Accuracy oF GRACE, TIMI,

AND KiLLIP RISK SCORES

Risk scores  AUC general population AUC women

GRACE 0.89 (0.87-0.92) 0.84 (0.79-0.89)
TIMI 0.86 (0.84-0.89) 0.82 (0.78- 0.87)
Killip 0.80 (0.76-0.83) 0.76 (0.70-0.82)

AUC, Area under receiver operating characteristic (ROC) curve.

Conclusions

Spanish women with STEMI have worse access to re-
perfusion therapy, presenting with longer delay to the first
medical contact. They also have a lower probability of
thrombolysis and increased door-to-needle delay (but not
door-to-balloon delay). This may be related to the type of
clinical and electrocardiographic presentation of women, as
well as having an increased risk of bleeding. Therefore, more
studies are needed to clarify this aspect. Hospital mortality
differences after adjusting for age, patient delay, reperfusion,
and severity are probably due to factors intrinsically related
to the female sex. The impact of the differences in accessi-
bility on mortality gap remains uncertain. It is important to
approach this issue through educational initiatives aimed at
women to encourage early access to the health system.
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