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ABSTRACT

Background: Female patients have been shown to experience worse
clinical outcomes after acute myocardial infarction (AMI) compared
with male patients. However, it is unclear what trend these differences
followed over time.

Methods: Data from patients hospitalized with AMI between 2004 and
2015 in the National Inpatient Sample were retrospectively analyzed,
stratified according to sex. Multivariable logistic regression analyses
were performed to examine the adjusted odds ratios (aORs) of invasive
management and in-hospital outcomes according to sex. The Mantel-
Haenszel extension of the xz test was performed to examine the
trend of management and in-hospital outcomes over the study period.
Results: Of 7,026,432 AMI hospitalizations, 39.7% (n = 2,789,494)
were women. Overall, women were older (median: 77 vs 70 years),
with a higher prevalence of risk factors such as diabetes, hypertension,
and depression. Women were less likely to receive coronary angiog-
raphy (aOR, 0.92; 95% confidence interval [CI], 0.91-0.93) and
percutaneous coronary intervention (aOR, 0.82; 95% Cl, 0.81-0.83)
compared with men. Odds of all-cause mortality were higher in women
(aOR, 1.03; 95% Cl, 1.02-1.04; P < 0.001) and these rates have not
narrowed over time (2004 vs 2015: aOR, 1.07 [95% Cl, 1.04-1.09] vs
1.11 [95% ClI, 1.07-1.15), with similar observations recorded for major
adverse cardiovascular and cerebrovascular events.

Conclusions: In this temporal analysis of AMI hospitalizations over 12
years, we showed lower receipt of invasive therapies and higher
mortality rates in women, with no change in temporal trends. There
needs to be a systematic and consistent effort toward exploring these
disparities to identify strategies to mitigate them.

Acute myocardial infarction (AMI) is the most acute presen-
tation of ischemic heart disease and the leading cause of
mortality in men and women worldwide, accounting for 17.9
million deaths globally per year (31% of all deaths).’”
Ischemic heart disease-related mortality has declined in
recent years because of increased awareness of cardiovascular
risk," advances in pharmacological therapy, coronary revas-
cularization, and cardiovascular prevention.” Notwith-
standing, several studies have shown a higher incidence of
adverse events in women after AML>’ and have attributed
worse outcomes in women to their lower rate of receipt of
invasive management, in the form of coronary angiography
(CA) or percutaneous coronary intervention (PCI).°
Furthermore, anatomical and biological factors could place
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RESUME

Contexte : Il a été démontré que les femmes présentent de moins
bons résultats cliniques aprés un infarctus aigu du myocarde (IAM) que
les hommes. Cependant, la tendance de ces différences dans le temps
n’est pas claire.

Méthodologie : Les données de la National Inpatient Sample sur les
patients hospitalisés pour un IAM entre 2004 et 2015 ont été analy-
sées rétrospectivement, stratifiées selon le sexe. Des analyses de
régression logistique multidimensionnelles ont été effectuées pour
examiner les rapports de cotes ajustés (RCA) de la prise en charge par
un traitement invasif et des résultats obtenus en milieu hospitalier en
fonction du sexe. Le test du %2 étendu de Mantel-Haenszel a été
effectué pour examiner la tendance de la prise en charge et des
résultats en milieu hospitalier au cours de la période d’étude.
Résultats : Sur 7 026 432 patients hospitalisés pour un IAM, 39,7 %
(n = 2 789 494) étaient des femmes. Dans I'ensemble, les femmes
étaient plus agées (4ge médian : 77 vs 70 ans), avec une plus forte
prévalence de facteurs de risque comme le diabéte, I'hypertension et
la dépression. Les femmes étaient moins susceptibles que les
hommes de subir une coronarographie (RCA : 0,92; intervalle de
confiance [IC] a 95 % : 0,91-0,93) et une intervention coronarienne
percutanée (RCA : 0,82; IC a 95 % : 0,81-0,83). Les probabilités de
mortalité toutes causes confondues étaient plus élevées chez les
femmes (RCA : 1,03; IC a 95 % : 1,02-1,04; p < 0,001), et ces taux
n‘ont pas diminué avec le temps (2004 vs 2015 : RCA : 1,07 [IC a
95 % : 1,04-1,09] vs 1,11 [IC a 95 % : 1,07-1,15), des observations
similaires étant consignées pour les événements cardiovasculaires et
vasculaires cérébraux majeurs.

Conclusions : Dans cette analyse temporelle des hospitalisations pour
IAM sur 12 ans, hous avons montré que les femmes subissaient moins
de traitements invasifs et présentaient des taux de mortalité plus
élevés, sans changement dans les tendances temporelles. Il faut un
effort systématique et cohérent pour explorer ces disparités afin de
cibler des stratégies pour les atténuer.

women at a greater risk of mechanical and procedural com-
plications after AMI, such as smaller-sized arteries and dif-
ferences in plaque characteristics.”’

Most of the evidence on sex differences in AMI manage-
ment and outcomes to date is limited to data from highly
selected cohorts (such as age younger than 55 years'”'" or
randomized controlled trials), which might not be represen-
tative of real-world practice, certain geographical regions,'”
specific syndromes (eg, ST-elevation myocardial infarction
[STEMI] only),"” or are of relatively small sample sizes.'*
However, it is unclear whether there have been temporal
changes in sex-based differences and in particular whether
disparities have narrowed, especially in light of the increasing
recognition of sex disparities in recent years. Older studies
from the national registry of myocardial infarction in the
United States (1994-20006) suggested a narrowing in the dif-
ferences in outcomes between sexes, with an overall
improvement in mortality outcomes.'” In contrast, a national
French registry analysis of 5000 STEMI patients hospitalized
between 2006 and 2011 showed significant persistent sex-
based differences in management and outcomes.'® Although
these findings provide us with insight into sex differences in a
STEMI population, it is unclear whether these differences are
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also observed across a broader spectrum of presentations.
Moreover, their analysis was derived from a cohort from close
to more than a decade ago, after which there have been many
advances in AMI care and improvements in outcomes with
the development of regional PCI, services.

Therefore, in the present study we sought to examine the
temporal trends in invasive management and in-hospital
outcomes of both sexes over a period of 12 years in a na-
tional cohort of AMI hospitalizations in the United States.

Methods

Data source

The National Inpatient Sample (NIS) is a set of the largest
publicly available all-payer longitudinal databases of hospital
in-patient discharges in the United States. It is developed for
the Agency for Healthcare Research and Quality (AHRQ),
which administers the Healthcare Cost and Utilization Proj-
ect.'”'® It contains anonymized retrospectively collected data
on primary and secondary discharge diagnoses and procedures
from more than 7 million hospitalizations annually. There-
fore, it can be used for the national and regional estimation of
hospital utilization, quality, and other related issues. The NIS
data set was designed to approximate a 20% stratified sample
of the US community hospitals, excluding rehabilitation and
long-term acute care hospitals, and provides sampling weights
to calculate national estimates that represent more than 95%
of the US population. Previous validation studies have shown
that it has better demographic capture compared with a large
multistate electronic health record data set and that it is highly
comparable with other related databases.'”*’

Study design and population

All hospitalizations of adults (18 years of age and older)
with a principal discharge diagnosis of AMI between January
2004 and September 2015 were included, stratified according
to sex. International Classification of Diseases, Ninth Revision
(ICD-9) and Clinical Classification Software codes were used
to identify STEMI and non-STEMI (NSTEMI), patient
comorbidities,  procedures, and  clinical  outcomes
(Supplemental Table S1). Additional comorbidities were
identified using the existing 29 AHRQ Elixhauser comor-
bidity measures. Hospital-related factors including hospital
bed size, region, and location/teaching status were analyzed to
account for any hospital-level differences. The “Hospital bed
size” variable refers to the number of short-term acute hospital
beds and is specific to the hospital’s location and teaching
status. Missing data represented 0.4% (n = 27,042) of the
original data set and, therefore, such cases were excluded (flow
diagram: Supplemental Fig. S1).

Outcomes

The primary outcome was in-hospital mortality. Secondary
outcomes included major acute cardiovascular and cerebro-
vascular events (MACCE; composite of all-cause mortality,
acute stroke/transient ischemic attack, and cardiac complica-
tions), all-cause bleeding, and acute stroke/transient ischemic
attack. Cardiac complications included hemopericardium,
cardiac  tamponade, coronary dissection, and any
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pericardiocentesis procedure. The process outcome was the
receipt of invasive management for AMI, in the form of CA

and/or PCI.
Statistical analysis

Statistical Package for the Social Sciences (SPSS) statistical
software version 25 (IBM Corp, Armonk, NY) was used for
statistical data analysis. We assessed the normality of data
distribution using the Kolmogorov-Smirnov test. Data were
expressed as median (interquartile range) for continuous
nonparametric data and as whole numbers (percentages) for
categorical data. Quantitative nonparametric data were
analyzed using the Mann-Whitney U test, whereas the % test
was used for the comparison of categorical variables between
the study groups. All analyses were conducted with appro-
priate sampling weights provided by the AHRQ for each in-
dividual discharge.

Multivariable binomial logistic regression analyses were
used to determine the adjusted odds ratios (aORs) and 95%
confidence intervals (Cls) of invasive management and in-
hospital adverse outcomes between sexes (Appendix 1).

Trend analysis with a Mantel-Haenszel extension of the %*
test of trend (linear-by-linear association) was conducted to
establish trends of invasive management and in-hospital
adverse outcomes over 12 years.

Results

Patient characteristics

A total of 7,026,432 records of AMI hospitalizations be-
tween 2004 and 2015 were included, of which 2,789,494
(39.7%) were women. Overall, women were, on average, 7
years older than men (median, 77 vs 70 years). The 2 groups
were comparable on characteristics such as household income
class, hospital bed size, and weekend admission. STEMI
presentation was more common in men compared with
women (32.6% vs 24.3%, respectively; P < 0.001). The
prevalence of conventional cardiovascular risk factors such as
diabetes, stroke, hypertension, and chronic kidney disease was
higher in women compared with men (36.7% vs 32.8%,
3.6% vs 2.7%, 69.8% vs 65.1%, and 17.7% vs 16.2%,
respectively; P < 0.001 for each). In contrast, men had a
higher prevalence of previous cardiovascular disease, as evi-
dence by the higher prevalence of previous AMI, PCI, coro-
nary artery bypass grafting, and angina (9.3% vs 7.5%, 11%
vs 7.8%, 6.9% vs 4.9%, and 7.8% vs 5.3%, respectively; P <
0.001 for each). Smoking was less prevalent in female patients
(21.8% vs 32.8%, P < 0.001), obesity was slightly more often
prevalent (12.8% vs 11.5%, P < 0.001), but depression and
hypothyroidism were substantially more prevalent in female
patients (9.2% vs 4.7%, P < 0.001 and 16.5% vs 5.4%, P <
0.001, respectively; Table 1).

In-hospital management

Opverall, receipt of invasive therapies was higher in men
than in women (CA, 70.1% vs 57.2% and PCI, 48.8% vs
34.8%, respectively; P < 0.001 for both) (Table 2,
Supplemental Fig. S2). Women had significantly lower odds
of receiving invasive therapy than men after adjustment for
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Table 1. Patient characteristics according to sex

CJC Open
Volume 3 2021

Table 1. Continued.

Sex Sex
Characteristic Female (39.7%) Male (60.3%) P Characteristic Female (39.7%) Male (60.3%) P
Number of weighted 2,789,494 4,236,938 Paralysis 1.9 1.4 < 0.001
discharges Psychoses 2.5 1.8 < 0.001
Median age (IQR), years 77 (66-85) 70 (60-80) < 0.001 RA/collagen vascular diseases 3.6 1.3 < 0.001
Age group, % < 0.001 Solid tumour without 1.2 1.6 < 0.001
18-29 0.2 0.3 metastasis
30-49 7.6 13.5 Metastatic cancer 0.891 0.853 < 0.001
50-79 57.4 68.8 Lymphoma 0.467 0.508 < 0.001
> 80 34.8 17.4 Fluid and electrolyte disorders 23.7 16.6 < 0.001
STEMI, % 24.3 32.6 < 0.001 Bed size of hospital, % < 0.001
Elective admission, % 6.7 7.1 < 0.001 Small 11.6 10.1
Weekend admission, % 25.9 26.0 0.003 Medium 25.4 24.5
Primary expected payer, % < 0.001 Large 65.4 63.0
Medicare 68.6 50.0 Hospital Region, % < 0.001
Medicaid 6.3 5.9 Northeast 19.9 18.6
Private insurance 19.1 33.2 Midwest 23.9 23.2
Self-pay 4.0 6.8 South 39.8 40.0
No charge 0.4 0.7 West 16.4 18.2
Other 1.6 3.4 Location/teaching status of < 0.001
Median household income < 0.001 hospital, %
(percentile), % Rural 11.5 9.4
0-25 30.3 27.7 Urban non-teaching 41.6 40.8
26-50 27.5 27.1 Urban teaching 47.0 49.8
;éjgo %gé ;?3 AMI, acute myocardial infarction; CABG, coronary artery bypass graft;
Cardiogenic shock, % 4:7 5:1 < 0.001 CAD, coronary artery disease; CVA, cerebrovascular accident; IHD, ischemic
Cardiac arrest, % ’ 15 1.7 < 0.001 heart disease; IQR, interquartile range; PCI, percutaneous coronary inter-
Ventricular tachycardia, % 2.0 2.9 < 0.001 vention; RA, rheumatoid arthriti; STEMI, ST-elevation myocardial
Ventricular fibrillation, % 1.9 3.2 < 0.001 infarction.
Cardiac tamponade, % 0.063 0.055 < 0.001
H icardium, % 0.02 0.02 0.001 . . . .
szgfgféfzzsut;: ’ / 3 < differences in baseline covariates (CA: aOR, 0.92 [95% CI,
Atrial fibrillation 18.4 15.5 < 0.001 0.91-0.93]; PCI: aOR, 0.82 [95% CI, 0.81-0.83]; P < 0.001
Dyslipidaemia 51.0 57.7 < 0.001 for both; Table 3, Fig. 1).
Ehmmbf)cympema 2.1 2.6 < 0.001 Similar findings were observed in the STEMI subgroup
cmentia 2.5 1.2 < 0.001 (Supplemental Table S2). Women with STEMI were less
Smoking history 21.8 32.8 < 0.001 X .
Previous AMI 75 93 <0001 likely to receive CA (aOR, 0.89 [95% CI, 0.88-0.90; P <
History of IHD 70.2 81.2 < 0.001 0.001) or PCI (aOR, 0.85 [95% CI, 0.84-0.86]; P < 0.001;
Previous PCI 7.8 11.0 < 0.001 Supplemental Table 85)
Previous CABG 49 6.9 < 0.001 Furthermore, although there was a gradual increase in rates
Previous CVA 3.6 2.7 < 0.001 . . .
Family history of CAD 53 78 < 0.001 of receipt of invasive therapy for both sexes over the 12 years
Deficiency anemias 18.9 12.0 < 0.001 analyzed, women had persistently lower rates of CA over the
Chronic blood loss anemia 1.4 0.9 < 0.001 years studied (Supplemental Table S4, Fig. 2). Even after
S‘?‘lng?ﬂ‘;f heart failure 1-12 O-Z < 0-00} adjustment for differences in baseline covariates women had
Haygzr:éns;f;ase 63233 ? 62'198 28881 persistently lower odds of receipt of CA (2004: aOR, 0.95
Peripheral vascular disorders 11.5 10.6 < 0.001 [95% CI, 0.93-0.96]; 2015: aOR, 0.94 [95% CI, 0.92-0.95];
Pulmonary circulation 0.137 0.082 < 0.001 P for trend < 0.001) and PCI (2004: 0.90 [95% CI, 0.89-
disorders ) 0.92]; 2015: 0.83 [95% ClI, 0.82-0.84]; P for trend < 0.001)
gg:;ispi‘i‘;onary disease 2; g 122 i 888} over time (Supplemental Table S5, Supplemental Fig. S3).
Obesity 12.8 11.5 < 0.001 o
Weight loss 2.7 1.8 < 0.001 In-hospital clinical outcomes
Diabetes mellitus, 29.8 27.2 < 0.001 . . .
uncomplicated Overall, crude in-hospital outcomes were worse in women
Diabetes mellitus with 6.9 5.6 < 0.001 than in men (mortality: 6.8% vs 5.1%; bleeding: 3.3% vs
complications 3.0%; stroke: 2.0% vs 1.2%, respectively; P < 0.001 for all;
Hypothyroidism 165 5.4 < 0.001 Table 2). Similar findings were reported in the STEMI
Drug abuse 1.3 2.5 < 0.001 I | Tabl 1 k .
Alcohol abuse Lo %0 < 0.001 (Supplemental Table S2), as well as in the PCI subgroup in
AIDS 0.1 0.2 < 0.001 which women had higher rates of adverse outcomes than men
Depression 9.2 47 < 0.001 (mortality: 3.8% vs 2.5%; bleeding: 3.2% vs 2.1%; stroke:
Peptic ulcer discase excluding 0.034 0.031 0.068 1.2% vs 0.6%, respectively; P < 0.001 for all; Supplemental
Ly peding Lo s 0.001 Table S6).
1ver disease . . < 0. . .
Chronic renal failure 17.7 162 < 0.001 The overall adjusted odds of MACCE and mortality
Other neurological disorders 7.2 4.9 < 0.001 were higher in women than in men (aOR, 1.08 [95% CI,
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Table 2. Comparison of treatments and in-hospital adverse outcomes
for the different sex groups

Sex
Variable Female (39.7%) Male (60.3%) P
Treatment, %
CA 57.2 70.1 < 0.001
PCI 34.8 48.8 < 0.001
CABG 6.3 10.5 < 0.001
Thrombolysis 1.1 1.5 < 0.001
Use of assist device 3.7 5.7 < 0.001
or JABP
Outcomes, %
MACCE 8.5 6.1 < 0.001
All-cause mortality 6.8 5.1 < 0.001
All-cause bleeding 3.3 3.0 < 0.001
Cardiac 0.084 0.074 < 0.001
complications
Postprocedural 0.7 0.7 0.418
hemorrhage
Stroke 2.0 1.2 < 0.001
Median length of stay 5 (3-8) 4 (2-8) < 0.001
(IQR), days
Median total charges 41,254 50,151 0.003
(IQR), USD$ (20,718-78,877) (25,284- 95,125)

CA, coronary angiography; CABG, coronary artery bypass graft; IABP,
intra-aortic balloon pump; IQR, interquartile range; MACCE, major adverse
cardiac and cerebrovascular events (composite of mortality, acute stroke/
transient ischemic attack and cardiac complications); PCI, percutaneous
coronary intervention.

1.07-1.09]; aOR, 1.03 [95% CI, 1.02-1.04], respectively; P
< 0.001 for all). Women had an increased risk of stroke
compared with men (aOR, 1.31 [95% CI, 1.29-1.33]; P <
0.001). In contrast, the odds of bleeding were lower in
women than in men (aOR, 0.94 [95% CI, 0.93-0.95]; P <
0.001; Table 3, Fig. 1). In the STEMI subgroup analysis,
women were at increased odds of all complications
(MACCE, mortality, bleeding, and stroke) (Supplemental
Table S3).

In a subgroup analysis of all patients who underwent PCI,
women were associated with increased odds of all complica-
tions, including MACCE (aOR, 1.27 [95% CI, 1.26-1.29]),
mortality (aOR, 1.2 [95% CI, 1.18-1.22]), bleeding (aOR,
1.20 [95% CI, 1.20-1.24]), and stroke (aOR, 1.49 [95% CI,
1.45-1.53]; P < 0.001 for all; Table 4).

Table 3. Adjusted odds of invasive management and in-hospital
adverse outcomes in women*

Variable Female sex, OR (95% CI) P
Invasive management
CA 0.92 (0.91-0.93) < 0.001
PCI 0.82 (0.81-0.83) < 0.001
Outcomes
MACCE 1.08 (1.07-1.09) < 0.001
All-cause mortality 1.03 (1.02-1.04) < 0.001
All-cause bleeding 0.94 (0.93-0.95) < 0.001
Cardiac complications 1.12 (1.06-1.19) < 0.001
Stroke 1.31 (1.29-1.33) < 0.001

CA, coronary angiography; CI, confidence interval; MACCE, major
adverse cardiac and cerebrovascular events (composite of mortality, acute
stroke/transient ischemic attack and cardiac complications); OR, odds ratio;
PCI, percutaneous coronary intervention.

* Reference group is men.
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Figure 1. Adjusted odds ratios (aORs) of invasive management and
in-hospital adverse outcomes in women (reference group is men). CA,
coronary angiography; Cl, confidence interval; MACCE, major adverse
cardiac and cerebrovascular events (composite of mortality, acute
stroke/transient ischemic attack and cardiac complications); PCI,
percutaneous coronary intervention.

Over 12 years, there was a gradual decline in adverse event
rates in both sexes (Fig. 3). However, in each year, the event
rates of adverse outcomes were persistently higher in women
compared with men (P for trend < 0.001” Supplemental
Table S4). Throughout the years studied, women were
more likely to die, or have a major adverse cardiovascular
event or stroke than men; except for major bleeding compli-
cations (P for trend < 0.001). Odds for major bleeding
complications were similar in women compared with men
initially, although from approximately 2009, the odds for
bleeding were consistently higher in women compared with
men with the highest values in 2014 (aOR, 1.2 [95% CI,
1.15-1.25]; P < 0.001; Supplemental Table S5, Supplemental
Fig. S4). Similar trends were observed in the STEMI sub-
group with consistently increased risk in women compared
with men in almost all outcomes in the studied years except
bleeding risk (P for trend < 0.001). Initially the trends of
bleeding risk suggested lower odds in women. However, this
pattern reversed in 2009, in which women had 35% (95% ClI,
1.27- 1.44; P < 0.001) increased risk compared with men,
after which the odds continued to be higher (Supplemental
Table S7).

Discussion

To our knowledge, our study is the largest representative
study of more than 7 million AMI admissions in the United
States to report trends in sex-based differences in management
and adverse outcomes over 12 years. Over the last decade, we
witnessed improved awareness in sex-based cardiovascular
risks, wider adoption of invasive management, and significant
advances in the pharmacological management of acute coro-
nary syndromes. Yet, we report no significant changes in
disparities in AMI treatments and outcomes among the sexes.
Women are still less likely to receive CA or PCI, and continue
to have worse adverse outcomes compared with men. Even
when women were offered PCI, their outcomes remained
worse than men.



S24

CA
80%
75%
70%
65%
60%
55%
50%

45%
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

e———Female = Male

CJC Open
Volume 3 2021

PCI
55%
50%
45%
40%
35%
30%

25%
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

e Female == Male

Figure 2. Receipt of invasive management according to sex from 2004 to September 31, 2015. P < 0.001 for all trends. CA, coronary angiography;

PCI, percutaneous coronary intervention.

The 2014 American and the 2020 European society
guidelines in the management of acute coronary syndromes do
not differentiate between sexes, with no sex—speciﬁc differ-
ences in recommendations around the receipt of invasive
management or medical therapies.”’ >’ Despite this, our
analysis suggests that women are 10%-20% less likely to
receive invasive therapies and more likely to have worse out-
comes than men. The differences in management and out-
comes between sexes have not narrowed over time.
Furthermore, this analysis was adjusted for hospital-level fac-
tors (bed size, region, and location/teaching status) to alleviate
any hospital-related effects.

Similar findings have been reported in older studies in
which trends over a relatively short period were investigated.
An analysis of 78,254 patients with AMI from the Get With
The Guidelines (GWTG)-coronary artery disease (CAD)
registry between 2001 and 2006 showed no difference in
adjusted in-hospital mortality among the sexes in the overall
AMI cohort (aOR, 1.04; 95% CI, 0.99-1.10) with women
only at an increased risk of mortality only in the STEMI
subgroup (aOR, 1.12; 95% CI, 1.02-1.23).”* In a more
recent study, Stehli et al. reported on in-hospital and 30 days
post-AMI outcomes of 13,451 patients between 2013 and
2016 from the Victorian Cardiac Outcomes registry and
showed the worst outcomes in the STEMI subgroup in
women (mortality: 8. 4% vs 5.7%; bleeding: 3.5% vs 1.8%;
P < 0.001 for both).”

Differences in outcomes between sexes could very well be
related to the receipt and timing of invasive treatments.
Women consistently have a higher risk profile at presentatlon
compared with men, and are commonly older,”® have a
greater comorbidity burden,”””® and a higher prevalence of

Table 4. Adjusted odds of in-hospital adverse outcomes in females
who underwent PCI*

Variables OR (95% CI) P

MACCE 1.27 (1.26-1.29) < 0.001
All-cause mortality 1.20 (1.18-1.22) < 0.001
All-cause bleeding 1.22 (1.20-1.24) < 0.001
Stroke 1.49 (1.45-1.53) < 0.001

OR, odds ratios; CI, confidence interval; MACCE, major adverse cardiac
and cerebrovascular events (composite of mortality, acute stroke/transient
ischemic attack and cardiac complications).

* Reference group is males.
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nonconventional risk factors,”*” and are therefore less likely

to be managed invasively. Similarly, sex bias or patient refusal
of invasive cardiac procedures could mediate lower CA utili-
zation in female patients.’””' Even in patients at hlghest risk
of ischemic complications, a contemporary study in 137,265
patients with NSTEMI has shown that women with high
Global Registry of Acute Coronary Events (GRACE) scores
were less likely to receive invasive management compared with
men. Even when they received an lnvaswe strategy, it was
consistently delayed compared with men.”” In the STEMI
subgroup, time to primary PCI was significantly greater in
women than in men, irrespective of whether they had chest
pain symptoms 7 Udell et al. evaluated differences in man-
agement in 104,817 STEMI patients from the GWTG-ACS
database (2003-2008) with women 15% less likely to expe-
rience a door-to-balloon within 90 minutes than men even
after adjustment for differences in baseline characteristics.”
Also, Leurent et al. observed significant differences in
women compared with men among 5000 STEMI cases from
the French registry in time from first medical contact to
balloon inflation or thrombus aspiration (100 vs 94 minutes;
P < 0.05), use of radial access (40% vs 51%; P < 0.001),
death (9% vs 4%; P < 0.001), and even use of guideline-
directed medical therapy at discharge.'® Interestingly, Seto-

guchi et al. reported no significant sex-related differences in
the management of AMI with even lower mortality in women
among patients aged 75 years or older.”” However, a smaller
sample size (1625), a higher proportion of female patients
(approximately 80%), and different time period (1999-2000)
could play a role for differing findings.

However, it is important to note that several other factors
could play a role in the observed sex gap in invasive man-
agement. Women, compared with men, have higher rates of
AMI with nonobstructive coronary arteries (plaque erosion,
coronary spasm, microvascular dysfunction, and stress-
induced myocardlal infarction), spontaneous coronary ar-
tery dissection,”® as well as type Il AML>’ Johnston et al.
reported on the sex prevalence of AMI in patients with
nonobstructive CAD among 95,849 patients (2005-2010)
from the Swedish Coronary Angiography and Angioplasty
Registry (SCAAR). The prevalence of nonobstructive CAD
in the STEMI group was 7% (6% in men vs 10% in
women), and 17% in the NSTEMI group (11% in men vs
28% in women).”®
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Figure 3. In-hospital adverse outcomes according to sex from 2004 to September 31, 2015. P < 0.001 for all trends. MACCE, major adverse
cardiac and cerebrovascular events (composite of mortality, acute stroke/transient ischemic attack and cardiac complications).

Interestingly, we observed that the odds of bleeding were
approximately 10% lower in women compared with men
initially; although around 2009, the risk changed with a
consistently higher risk in the order of 10%-20% observed in
women. Higher bleeding risk in women compared with men
could be multifactorial, with factors such as differences in
response to antiplatelets,”” certain medications,””* and
thrombolytic therapy,”’ smaller body habitus and artery
sizes,"”"” as well as procedural factors (such as access site
choice).***> Other studies have confirmed the increased risk
of major bleeding in women; for example, Nanna et al. re-
ported higher rates of bleeding complications in 3041 patients
older than 75 years who were hospitalized for AMI from the
Comprehensive Evaluation of Risk Factors in Older Patients
with Acute Myocardial Infarction (SILVER-AMI) in women
with STEMI (26.2% vs 15.6%; P < 0.001) but not NSTEMI
(17.8% vs 15.7%; P = 0.21).*°

An important finding in our study is that even when
women are treated with PCI, their outcomes remain worse,
and this did not change over time. Although this elevated risk
in women could be multifactorial, some of the factors could
be avoided where possible. For example, in a recent study,
Daugherty et al. investigated sex and bleeding risk associated
with the use of bleeding-avoiding strategies (BAS) of bivalir-
udin, radial artery access, and closure devices among patients
who underwent PCI, from 2008 to 2011. Among > 185,000
women who underwent PCI, the bleeding rate was reduced by
50% (12.5% vs 6.2%; P < 0.01) if any BAS was used. This
reduction in bleeding events in women was even more sig-
nificant than that observed in men (6.2% vs 3.0%; P < 0.01).
Overall, BAS were less likely to be used in women compared

with men and fewer women had PCI using radial access
compared with men.””*® Additionally, superiority of potent
purinergic receptor P2Y12 inhibitors ajgainst thrombotic
events in PCls has been shown in trials.”” However, studies
suggested underuse in women. For example, the association
between the use of different types of purinergic receptor
P2Y12 inhibitors and outcomes post primary PCI, was
examined in > 89,000 patients from the British Cardiovas-
cular Intervention registry. Women were more likely to
receive clopidogrel and less likely to receive more potent an-
tiplatelet treatments.”” The worse outcomes observed after
PCI in women do not appear to be related to lesion
complexity. An observational retrospective study in which
CAD complexities were compared in 29,265 AMI patients
treated in the Netherlands showed that women had less
extensive CAD, with higher rates of single-vessel disease
compared with men (49.4% vs 46.9%; P < 0.001) and lower
rates of multivessel disease (47.2% vs 50.8%; P < 0.001).
Despite less complex disease in women, women younger than
70 years of age had higher rates of mortality (7.3% vs 5.6%;
P < 0.001).”" Another prospective study evaluated sex-based
differences in patients with 100,704 drug-eluting stents
(DES) implanted between 2005 and 2009 in Germany.
Women, compared with men, had lower rates of use of DES
in those with NSTEMI (24.8% vs 27.3%; P < 0.0001)
especially in women older than 75 years, although no signif-
icant differences use of DES were observed in the STEMI
group.””

There are several limitations to the present study. First, the
data collected reflect in-patient outcomes only; longer follow-
ups of adverse events would provide a more complete
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understanding of sex differences in outcomes. Second, indi-
vidual risk factors, details regarding coronary anatomy, and
time frames such as door-to-balloon time were not available in
the NIS; this could provide further insight as to whether there
are any sex-related differences in the complexity of coronary
lesions and procedure approaches as well as details of timing of
the index procedure. Similarly, the study lacks granularity
regarding the “coronary artery dissection” variable, which did
not include only iatrogenic events. Furthermore, no data
regarding medications, antithrombotic therapy, Killip class,
left ventricular ejection fraction, and creatinine clearance is
captured in the NIS. These data might reveal sex differences
in the prescription of different antiplatelet regimens, utiliza-
tion and optimization of guideline-directed medical therapy,
and their effect on MACCE. Also, in this study we were not
able to match specific cardiovascular pathophysiologic features
of AMI with the outcomes, which could have an effect on
prognosis. Likewise, in this study we present a sex-based
analysis and we did not account for gender-related aspects,
which could also have a role in management bias. Finally,
because NIS is an administrative database, there is always a
risk of reporting and coding errors that represent a potential
bias as is the under-reporting of other comorbidities.
Furthermore, the ICD-9 codes in the data set are validated for
the purpose of cardiovascular research.”

In conclusion, our nationwide temporal analysis shows
persistent differences in the management and outcomes of
AMI among the sexes over a period of 12 years, with women
less likely to receive invasive therapies, and more likely to
experience adverse outcomes including mortality, major
bleeding, and stroke. The gap between sexes has not narrowed
over time. A sex-based approach to the management of AMI,
taking in to account the clinical and biological differences
previously described, could possibly eliminate the persistent
disparity in outcomes in the near future.
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