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Aims Data on how differences in risk factors, treatments, and outcomes differ between sexes in European countries are
scarce. We aimed to study sex-related differences regarding baseline characteristics, in-hospital managements, and mor-
tality of ST-elevation myocardial infarction (STEMI) patients in different European countries.

Methods Patients over the age of 18 with STEMI who were treated in hospitals in 2014—17 and registered in one of the national

and results myocardial infarction registers in Estonia (n=5817), Hungary (n=30787), Norway (n =33 054), and Sweden (n=49
533) were included. Cardiovascular risk factors, hospital treatment, and recommendation of discharge medications
were obtained from the infarction registries. The primary outcome was mortality, in-hospital, after 30 days and after
1 year. Logistic and cox regression models were used to study the associations of sex and outcomes in the respective
countries. Women were older than men (70—78 and 62—68 years, respectively) and received coronary angiography, per-
cutaneous coronary intervention, left ventricular ejection fraction assessment, and evidence-based drugs to a lesser ex-
tent than men, in all countries. The crude mortality in-hospital rates (10.9-15.9 and 6.5-8.9%, respectively) at 30 days
(13.0-19.9 and 8.2-10.9%, respectively) and at 1 year (20.3—28.1 and 12.4-17.2%, respectively) after hospitalization were
higher in women than in men. In all countries, the sex-specific differences in mortality were attenuated in the adjusted
analysis for 1-year mortality.
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Conclusion

Despite improved awareness of the sex-specific inequalities on managing patients with acute myocardial infarction in

Europe, country-level data from this study show that women still receive less guideline-recommended management.
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Introduction

Cardiovascular disease (CVD) is the most common cause of death in
Europe, accounting for 47% of deaths of women and 39% of deaths of
men.! Cardiovascular disease mortality has declined in many European
countries due to improvements in both primary and secondary preven-
tion during the last few decades.? Despite decreased overall rates of car-
diovascular mortality in women, the annual cardiovascular mortality
rates are still higher in women than in men, and women still have higher
rates of comorbidities, complications, and in-hospital mortality.>®
Although sex-related differences in short-term outcomes in patients
with acute myocardial infarction (AMI) are found to be worse in women
than in men, the associations between sex and long-term outcomes of-
ten seem to attenuate or disappear after adjustments for age, comorbid-
ities, and cardiovascular risk factors.>1°

However, some uncertainties remain with regard to sex-specific
differences in mortality, due to non-contemporary studies, conflict-
ing results, heterogenous study populations including patients with
(NSTEMI) and

ST-elevation myocardial infarction (STEMI) or lack of adjustments
10-13

both non-ST-elevation myocardial infarction

for several clinical confounders.
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Large-scale myocardial infarction (M) registries provide important
insights into how evidence-based therapies are applied in the real-
world setting. In our previous work,™ we compared four different
European ongoing national Ml registries and observed that the pres-
entation, management, and outcomes of STEMI patients differ be-
tween countries. Given the increased awareness and attention on
sex-related topics in recent years, we specifically aimed to study sex-
specific differences in short- and long-term mortalities of contem-
porary STEMI cohorts in four European countries (Estonia,
Hungary, Norway, and Sweden). Our secondary objective was to
study sex-related features of baseline characteristics and in-hospital
following standard care of STEMI patients.

Methods

Study population

We included consecutive patients over 18 years of age who were hospi-
talized due to STEMI from 1 January 2014 to 31 December 2017 and re-
gistered in one of the four MI registries in Estonia (The Estonian
Myocardial Infarction Registry, EMIR), Hungary (The Hungarian
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Myocardial Infarction Registry, HUMIR), Norway (The Norwegian
Myocardial Infarction Registry, NORMI), and Sweden (The Swedish
Web-system for Enhancement and Development of Evidence-based
care in Heart disease Evaluated According to Recommended
Therapies, SWEDEHEART). If a patient was re-hospitalized with
STEMI, only the first episode was counted as the index event and fol-
lowed over time, to avoid multiple entries in the registries. The STEMI
diagnosis was defined by the International Classification of Diseases
codes provided by the treating physician and was based on the
European Society of Cardiology (ESC) third universal definition of MI."®

The study complied with the Declaration of Helsinki and was ap-
proved by the local ethics committee of each country: Research Ethics
Committee of the University of Tartu, Estonia (253/T-13); Hungarian
Medical Research Council (34858-3/2019/EKU); the Regional
Committee for Medical and Health Research Ethics North in Norway
(REK 2016/170); and the regional ethics committee in Stockholm,
Sweden (2012/60-31/2).

Data sources and acute myocardial

infarction registries

The EMIR was founded in 2012 and is a national government—funded
registry that reports data electronically via an internet-based standar-
dized form for all hospitalized M| cases at 19 Estonian hospitals.
Annually, about 2700 cases are enrolled, and data collection is mandatory
by law. About 100 variables are entered in the registry, including demo-
graphic data, previous history of CVD and risk factors, clinical features at
presentation, in-hospital medications and interventions, complications,
discharge data, and autopsies. The data set and definitions conform to
the Cardiology Audit and Registration Data Standards.'® The coverage
of the registry is over 95%, and data validity is subject to routine error
checking."

The HUMIR was launched in 2010, and registry data collection is man-
datory for all 81 Hungarian hospitals. The registry collects demographic
and clinical data on all consecutive patients treated for Ml regardless of
age. Yearly, about 16 000 patients are enrolled, and data are reported
via a national internet-based portal. About 178 structured categories, in-
cluding pre-hospital data, prior medical history, in-hospital treatment,
and coronary interventions, are covered. The case coverage is high
(92% in 2017) and data are continuously checked and validated by spe-
cially trained personnel.

The NORMI is a government-funded registry established in 2013. The
registration of all patients admitted to all Norwegian hospitals with Ml
are mandatory and does not require patient consent. Annually, the regis-
try enrols about 11000 patients with Ml admitted to at all Norwegian
hospitals. The registry contains information on sex, age, known risk fac-
tors, medical history and previous medication, symptoms and clinical
presentation, treatment, in-hospital complications, and discharge medi-
cations. The registry has >90% case coverage with a high degree of com-
pleteness and accuracy.®

The SWEDEHEART was established in 1995 and is also funded by the
government. About 18 000 patients with Ml admitted to a coronary care
unit or other specialized facility at all 72 Swedish hospitals are enrolled
annually in the registry. More than 100 different clinical variables such
as demography, previous medical history, symptom presentation, labora-
tory measurements, and data on in-hospital course including information
on interventional therapies, discharge diagnosis, and medication at dis-
charge are collected prospectively. Annual evaluation of entered data
and medical records ensures a high level of data correctness of about
96%."” SWEDEHEART covers about 87% of all AMI hospitalizations in
Sweden.?®

By using the respective countries’ unique personal identification num-
ber for the residents, further cross-matching with other national

registries enabled merging and further analysis of vital status. A list of
all variables, the variable definition, and the assessment of comparability
(defined as a consensus agreement between the authors of this study)
are described in detail in the Supplementary material online, Tables S1
and S2, and the ESC AMI quality indicators were kept in mind when re-
porting results.”’

Statistical analysis

Data were analysed on a country level and compared as such. Categorical
variables were expressed as percentages with 95% confidence intervals
(Cls) and continuous variables as mean with standard deviations, or as
medians with interquartile ranges. The %> and Wilcoxon rank-sum tests
were used to test for significant differences between men and women for
selected variables. In all analyses, a P-value of <0.05 was regarded as stat-
istically significant. The primary objective of this study was to describe
mortality in-hospital at 30 days and at 1 year. The secondary objective
of this study was to describe the prevalence of patient characteristics
and in-hospital management in women and men. Logistic regression
was used to study the odds ratio (OR) for women vs. men for primary
outcomes (in-hospital death, and mortality at 30 days). The model as-
sumption of the proportional hazards was checked graphically, and
Cox regression analysis was utilized for the 1-year mortality outcome.
The adjusted logistic and cox regression models included data on previ-
ous history of PCl, AMI, stroke or heart failure, smoking, hypertension,
diabetes, body mass index and age (as continuous variables), hyperlipid-
aemia, and peripheral artery disease (PAD). Treatments in-hospital or at
discharge were considered to be dependent on the treating physician’s
choice or on the institution the patient was treated at, rather than sex
specific as such and were not adjusted for. Missing data were handled
with multiple imputation using all covariates and outcomes as predictors.
As a subgroup analysis, the primary outcomes were studied in patients
<60 years of age.

All registries had a full 1-year follow-up for all patients, except for
SWEDEHEART, where data on only vital status were available until 30
June 2018, which lead to the mortality analysis being restricted to the
2014-16 cohort. Analyses were performed using the Stata statistical
software version 11 and 16 (StataCorp LLC, College Station, TX,
USA) and SPSS version 26 (IBM Corp, Armonk, NY, USA).

Results

Baseline characteristics

In total, 64 025 STEMI patients were recorded during the study per-
iod 2014-17: 4584 in Estonia, 23 685 in Hungary, 12 083 in Norway,
and 23 342 in Sweden. In Sweden and Norway, there were approxi-
mately twice as many men than women, while Estonia and Hungary
had about one and a half times as many men than women. The me-
dian age was higher in women (range 70-78 years) than in men
(range 62—68 year) in all four countries (Table 7). Key patient char-
acteristics that differed between sexes were active smoking status,
hypertension, diabetes, hyperlipidaemia, chronic kidney disease
(CKD), and previous cardiovascular history (Table 7).

In-hospital management

Angiography and PCl were performed to a lesser extent in women
than in men in all countries, and Norway and Estonia had the lowest
proportions of performed angiographies and PCl (Table 2). The low-
est rate of fibrinolysis was observed in Sweden (Hungary does not
use fibrinolysis), whereas Estonia and Norway reported the highest
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Sex differences within European STEMI registries

Table 1 Continued

Hungary (n

P-value

23342)

Women

Sweden (n

P-value

Norway (n=12083)

P-value

23 685)

P-value

4584)

Women

Estonia (n

Men

Women

Men

Women

Men

Men

7181)

(n

(n

= (n

(n

(n

(n

(n

16161)

3470)

8613)

9105)

(n=14580)

1768)

2816)

80 (65-93) <0.001 76 (64-90) 80 (66-94) <0.001

77 (64-90)

80 (70-93) 0.108

0999 80 (70-92)

80 (67-93)

77 (66-90)

Median heart rate,

b.p.m. (IQR)
Mean systolic BP,

140 (120-160) <0.001

140 (121-160)

0.04

131 (110-152)

132 (116-150)

130 (110-150) <0.001

0.896 130 (116-150)

140 (119-157)

137 (118-154)

mmHg (IQR)
Killip Classes II-1V, %

11.9 (11.2-12.7) <0.001

(9.1-9.9)

9.5

NC

NC

13.0 (12.4-13.6) 17.9 (17.1-18.7) <0.001

244 (22.7-25.9) 33.9 (31.7-36.1) <0.001

(95% Cl)

BMI, body mass index; b.p.m., beats per minute; Cl, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; IQR, interquartile range; NC, data not collected; SD, standard deviation.

rates of thrombolysis, and coronary artery bypass grafting was per-
formed to a higher extent in men than in women in all countries
(Table 2). Female sex was associated with a 38—75% lower risk of re-
ceiving reperfusion therapy in the studied countries (Supplementary
material online, Table S3).

Medications at discharge

Aspirin and dual antiplatelet treatment (DAPT) prescription at dis-
charge was underutilized in women when compared with men in
all countries (Table 2). Beta-blocker was prescribed to a lesser degree
in women than in men in Norway and Sweden, and statins were pre-
scribed to a lesser extent in women than in men in all countries
(Table 2).

Primary outcomes

The in-hospital mortality rates ranged from 11.2 to 15.9% and from
6.8 to 8.9% in women and men, respectively (Figure 1, Table 3). The
crude 30-day mortality and 1-year mortality rates were numerically
higher in women (13.0-18.3 and 20.3-28.1%, respectively) than in
men (8.2-10.9 and 12.4-17.2%, respectively) in all countries
(Table 3). Female sex was significantly associated with a higher risk
of death in-hospital, at 30 days and at 1 year in all countries (see
Supplementary material online, Table S4). However, these differ-
ences were partly attenuated in the adjusted analysis, where women
showed a significantly higher risk than men in terms of in-hospital
[hazard ratio (HR) 1.12 (95% Cl 1.01-1.25) and HR 1.17 (95% ClI
1.02-1.35), for Hungary and Norway, respectively] and 30 days
[HR 1.11 (95% CI 1.01-1.21) and HR 1.14 (95% CI 1.01-1.29), for
Hungary and Norway, respectively] in Hungary and Norway (see
Supplementary material online, Table $4). For 1-year mortality, the
adjusted analysis did not show any significant difference between
sexes (see Supplementary material online, Table $4).

Subgroup of younger patients

In a subgroup analysis of STEMI patients under the age of 60, current
smoking status rates were numerically higher in women and ranged
from 56.0 to 72.8%, than in women in the full study population where
smoking rates were 17.4 to 39.6% (Table 1, Supplementary material
online, Table S5). In line with the full study population, diabetes, CKD,
and hypertension were more common in women than in men
(Table 1, Supplementary material online, Table S5). In contrast to
the main population, sex-related differences in rates of reperfusion
therapy with PCl or thrombolysis were less evident in younger pa-
tients (see Supplementary material online, Table S5). Female sex
was associated with a lower risk of receiving reperfusion therapy
than the male sex in Hungary and Norway [OR 0.84 (95% CI
0.72-0.97) and OR 0.44 (95% Cl 0.35-0.59), respectively; see
Supplementary material online, Table S6]. The in-hospital, 30-day,
and 1-year mortality rates were numerically higher in women than
in men all the countries, except for in-hospital mortality and
30-day mortality in Estonia (see Supplementary material online,
Table S5). Following crude analyses, no significant sex differences
were observed for mortality in any of the countries, except in
Sweden, where the adjusted analyses for 1-year mortality were sig-
nificantly higher in women (HR 1.44, 95% ClI 1.02-2.03; see
Supplementary material online, Table S7). In the adjusted analyses,
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Sex differences within European STEMI registries
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Figure 1 In-hospital, 30-day, and 1-year mortality rates stratified on sex in Estonia, Hungary, Norway, and Sweden.

no sex-specific differences were observed in the individual countries
with regard to mortality, except for in-hospital mortality in Sweden
[OR 1.58 (95% Cl 1.01-2.48); see Supplementary material online,
Table S7].

Discussion

This is the largest contemporary study of four ongoing European
AMI registries that specifically examines sex-related differences in
baseline characteristics, in-hospital management, discharge treat-
ments, and outcomes in STEMI patients following routine care.
We found that women were older and had heart failure, hyper-
tension, and diabetes to a larger proportion than men. In addition,
women underwent angiography, PCl, and LVEF assessment with
echocardiography and received guideline-recommended therap-
ies to a lesser extent than men in of all the studied countries.
Even though women had higher crude short- and long-term all-
cause mortality rates in all the studied countries, and the fact
that many of these differences seemed to attenuate in the ad-
justed analyses in most of the countries, this study highlights im-
portant areas that can be addressed to reduce sex-specific
disparities in access to care and outcomes for patients hospita-
lized with STEMIL.

Sex-specific differences in the presentation, management, and
prognosis of AMI are well-described, but not fully understood.
Men and women with AMI differ in terms of risk factors, symptom
presentation, coronary artery anatomy and function, comorbid-
ities, treatment efficiency, and types of outcomes.>>*2% Several
studies have shown that women with AMI are older, have a higher
extent of traditional risk factors such as diabetes mellitus, hyperten-
sion, and previous congestive heart failure, and may present with

different types of symptoms, when compared with men,'®**¢

which is also in line with the results of this study. The underlying
mechanisms of AMI differ in many ways in men and women. In add-
ition to the classic plaque rupture and thrombus formation patho-
physiology often described in men, several studies have identified
other mechanisms of AMI (plaque erosion linked to inflammation,
endothelial dysfunction and leukocyte activation, connective tissue
disorders, coronary vasospasm, and spontaneous coronary artery
dissection) that may play an important role in women.”'82%27
This may underline the discussion if sex-specific management ap-
proaches in Ml are indicated.

Even though secondary prevention with antiplatelet medication is
recommended in STEMI patients in all ESC countries, sex-specific dif-
ferences were observed, which are also in line with previous find-
ings.'® Lower rates of DAPT in women than in men could be
explained by a higher proportion of conservative treatment, com-
bined with poorer adherence of guideline recommendations of con-
servative treatment, as well as a higher degree of prescription of
OAC in women than in men. Furthermore, several studies have
shown that women have a higher risk of bleeding than men, even
after adjusting for demography and comorbidities such as heart fail-
ure, diabetes, CKD, and hypertension.®% Therefore, the fear of a
higher bleeding risk may partly explain the lower prescription rates
of DAPT and aspirin in women than in men. However, even though
women are at a higher risk of bleeding, extended monitoring of
weight and renal function could still justify antiplatelet medication.*
Norway had the lowest proportions of prescribed angiotensin-
converting enzyme inhibitors/angiotensin Il receptor blockers of
countries, both for men and for women. Although this result stood
out from the others, it could be explained by the low rates of heart
failure, diabetes mellitus, and hypertension in the country.

The role of early invasive therapy is proved to be beneficial in both
men and women with STEMI, when compared with conservative
treatment, and the ESC guidelines recommend early invasive
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In- and out-of-hospital mortality rates

Table 3

Estonia (n

=23342)
P-value

Sweden (n

P-value

12083)
3470)

Norway (n

P-value

23 685)
9105)

Hungary (n
14 580)

P-value Men (n

4584)
1768)

Women

Men

Women

(n
14.7 (13.6-15.9) <0.001

19.6 (18.3-20.9) <0.001

Men

Women

(n
10.9 (10.3-11.6) <0.001

17.1 (16.4-17.9) <0.001
26.2 (25.3-27.1) <0.001

Women

(n

Men

% (95% CI)

7181)

(n
11.2 (10.5-12.0)

(n

(n

(n
8.9

16161)

8613)

2816)

<0.001
<0.001
<0.001

6.8 (6.5-7.2)
8.2 (7.8-8.6)

7.2 (69-7.8)

9.6 (9.0-103)
12,6 (118-132) 248 (234-26.3) <0.001

6.5 (6.1-6.9)
109 (104-11.4)

<0.001
183 (16.6-20.2) <0.001
17.2 (16.6 ~17.8)

159 (142-17.7)

(7.9-10.0)

In-hospital
30 days

13.0 (12.2-13.8)

102 (9.1-11.4)

20.3 (19.3-21.4)

12.4 (11.8-13.0)

<0.001

16.7 (15.3-18.1) 28.1 (26.0-30.2)

1 year

treatment for all STEMI patients regardless of sex.>**" Despite this,
several studies in patients with AMI have shown that angiography is
performed less often in women, and women are less likely to receive
reperfusion therapy with primary PCI or fibrinolytic therapy when
compared with men.*3? Similarly, these findings were also con-
firmed in our study that showed sex-related lower percentages of
performed coronary angiography, PCI, and fibrinolysis for women
in all the countries studied. Since women with STEMI often present
with an older age, and more CV- and non-CV-related comorbidities,
it is plausible to believe that frailty issues may have led to a more con-
servative treatment approach in the countries of this study. Since
data on frailty are difficult to capture and missing in most registries,
residual confounding may exist. However, even after adjusting for
age, smoking, and clinically relevant comorbidities, there was still a
significant association between female sex and undertreatment
with reperfusion in all the studied countries. In contrast, among
STEMI patients in the subgroup of patients <60 years, the likelihood
of receiving reperfusion therapy was the same regardless of sex
in two of the countries. Notably, in the younger population in
Sweden and Norway, the rates of current smokers were higher in
women than in men, which is an alarming finding that should be taken
into account when designing antismoking campaigns. It is possible
that women with Ml to a larger extent than men are either misdiag-
nosed or underdiagnosed due to atypical symptom presentation,
thereby also leading to undertreatment with reperfusion therapies.
The lower proportions of women undergoing PCl in this study
are, however, probably not related to underdiagnosis of STEMI in
women, since this study included all patients with this diagnosis. It
is possible that PC| utilization rates differ between countries due
to different economic predispositions of the countries, but Estonia
and Norway had the lowest proportions of PCl treatments for
both men and women, even though Norway had the highest health
expenditure of GDP rate. The low overall utilization rate of PCl in
Norway may be explained by geographical and low-dense population
issues.

The fact that women had significantly higher rates of crude short-
term mortality in this study is also in line with previous studies.****
The reasons for the discrepancy in short-term prognosis for
STEMI in women and men are unknown, but older age at STEMI
presentation, comorbidities, and frailty are possible explanations.
However, as outlined in this study, as well as in previous studies,
sex-specific mortality differences remained after multivariable adjust-
ments for clinical factors and treatments.'>?*** It is possible that fac-
tors that are difficult to adjust for, such as different or late
presentation and frailty-associated factors, may play an important
role. Furthermore, CKD, menopause, and psychiatric conditions
such as depression are additional risk factors that are linked to an in-
creased risk of adverse prognosis, especially in young women, which
can explain differences in mortality between sexes.”

In younger patients (<60 years of age), reperfusion therapy rates
were distributed more equally between sexes, and the adjusted sex-
specific associations with short- and long-term mortalities were not
significant in any of the studied countries. Since women with STEMI
are older than men, it may be plausible that older age rather than sex
determines whether a STEMI patient receives conservative manage-
ment or not. However, the age-adjusted analysis did not support this,
as a lower probability to receive reperfusion therapy still existed for
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women when compared with men. It remains unclear though, if high-
er rates of reperfusion in the older population would lead to reduced
differences in mortality between sexes.

Strengths and limitations

General limitations related to registry studies are also applicable
to this study. Foremost, the observational nature of this study lim-
its the conclusions that can be drawn to strictly generate hypoth-
esis and with no causality. The lack of individually pooled
patient-level data may limit inferences as to differences in patient
characteristics, treatments, and outcomes of the studied patient
cohorts between countries. Also, country comparisons are lim-
ited by the large regional variability in epidemiology, social, eco-
nomic, cultural, and healthcare conditions, which may influence
sex differences in the management and outcomes of acute coron-
ary syndrome (ACS), which may have led to residual confounding.
This study analysed and presented the results of four countries in a
side-by-side manner since pooling of data from all countries was
not possible. The impact of numerical differences between coun-
tries, both at patient and treatment and outcome levels, may,
therefore, be a limit to the study. Time to PC| was not available
in all countries, which is a weakness of this study, since this indica-
tor may have influenced the outcomes. The strengths of this study
are the large sample size of the populations and the high coverage
rate, since almost all patients (>87%) with a registered STEMI dur-
ing the study period in all the four countries were included, which
leads to a high level of external validity. The baseline data were de-
fined and recorded in a similar way making comparisons both feas-
ible and appropriate, but some variables were not homogenous,
which may lead to low internal validity that limits the comparisons
between countries. This study may act as a quality measure for
how countries follow guideline-recommended therapy in the
real world with regard to sex-specific aspects. In addition, this
study highlights the importance of continuous national AMI regis-
tries in detecting treatment and outcomes differences. Future
studies should consider other outcomes (such as recurrent
ACS) and include further countries that participate in real-world
registries that record clinical variables in a similar and homogen-
ous manner as well as creating a unified European heart registry
with pooled data.

Conclusions

In conclusion, women were older, had more comorbidities, and
underwent relevant assessments to a lesser degree than men in
all countries included in this study. Despite improved awareness
of the sex-specific inequalities on managing patients with AMI in
Europe, country-level data from this study show that women still
receive less guideline-recommended management. The observed
sex-specific differences in mortality were small and may be due
to conditions we were not able to adjust for. Even though the ob-
vious healthcare inequity between the sex specifics may have sev-
eral explanations, the overall evidence calls for an improvement
in the clinical management of Sweden, Norway, Estonia, and
Hungary towards a more sex-specific equal standard of care.
Further detailed analyses of subsets of the populations and/or

multivariate analyses based on individual patient data of randomized
registry studies are needed.
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