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Abstract
Background: Heart failure (HF) is a major health problem in Western countries, and a leading cause 
of hospitalizations and death. There is a scarcity of data on the influence of sex on HF outcomes in 
elderly patients. The aim of the present study was to analyze differences between men and women in 
clinical characteristics, in-hospital mortality, 30-day HF readmission rates, cardiovascular mortality 
and HF readmission rates at 1 year after discharge in patients older than 75 years hospitalized for HF 
in Spain. 
Methods: Retrospective analysis of patients discharged with a main diagnosis of HF from all Spanish 
public hospitals between 2016 and 2019. Patients aged 75 years or older were selected, and a comparison 
was made between male and female patients. 
Results: From 2016 to 2019, a total of 354,786 episodes of HF in this age subgroup were identified, 
59.2% being women. The overall mean age was 85.2 ± 5.4 years, being higher in women (85.9 ± 5.5 
vs. 84.2 ± 5.3 years, p < 0.001). Risk-adjusted in-hospital mortality was lower in women (odds ratio 
[OR]: 0.96, 95% confidence interval [CI]: 0.92–0.97; p < 0.001). Female sex also showed a protective 
effect for 30-day readmissions, with an OR of 1.06 (95% CI: 1.04–1.09; p < 0.001). One-year cardio-
vascular mortality (24.1% vs. 25.0%; p < 0.001) and one-year HF readmission rates (30.8% vs. 31.6%; 
p = 0.001) were lower in women. 
Conclusions: Almost 60% of hospital admissions for HF in people aged 75 years or older between 
2016 and 2019 in Spain were female patients. Female sex seems to play a protective role on in-hospital 
mortality and the rate of admissions and mortality at 1 year after discharge. (Cardiol J)
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Introduction

Heart failure (HF) has been considered the 
great cardiovascular “epidemic” of the 21st century, 
due to its high and increasing prevalence and in-
cidence and high mortality [1–3]. One of the main 
reasons for this large epidemiological magnitude is 
the increasing age of the population, as the preva-
lence and severity of HF increases significantly 
with age. Several studies show that the preva-
lence of HF is more than 10–15% in people over  
80 years of age [3–5], and that age is a risk factor 
for increased mortality [6, 7]. In addition, admis-
sions for acute HF are more frequent in older 
people [5], and this carries a significant economic 
cost to the system [8]. The increase in life expec-
tancy in Western countries means that  an increas-
ingly larger segment of the population aged over  
75 years is becoming common, which translates 
into an increase in the incidence of admissions for 
acute HF in this age group [5].

The role of sex in HF is controversial. Recent 
reviews have highlighted the differences between 
men and women in the pathophysiology of HF and 
the important gaps in knowledge about the man-
agement and prognosis of chronic HF in women 
[9–11]. These gaps are even greater in acute HF 
and its short-term prognosis (mortality and read-
missions) after discharge for decompensated HF. 
With this aim, the analyses, herein, show the differ-
ences between male and female patients in clinical 
characteristics, in-hospital mortality, 30-day HF 
readmission rates, and cardiovascular mortality 
and HF readmission rates at 1 year after discharge 
in patients aged 75 years or more, hospitalized for 
HF in all of the Spanish National Health System 
hospitals between 2016 and 2019.

Methods

A retrospective observational study of all 
episodes of patients admitted for acute HF to all 
hospitals of the National Health System in Spain 
was conducted. The source of the data was the 
Minimum Basic Data Set (MBDS) of the Spanish 
National Health System, which includes infor-
mation on the demographic characteristics of 
discharged patients and administrative variables 
related to the diagnoses and procedures performed 
on patients during hospitalization episodes, coded 
according to the International Classification of Dis-
eases in its tenth revision (ICD-10). All episodes 
of patients aged 75 years or older registered with 
the principal diagnosis of HF, admitted between 

1 January, 2016 and 31 December, 2019 were se-
lected. To improve data quality and consistency, 
inpatient episodes that were transferred to another 
acute hospital were concatenated with data from 
the concatenated episode attributed to the index 
episode, and the following episodes were excluded: 
(a) discharges to home with 1 day or less of hospital 
stay, (b) discharges due to transfer to another hos-
pital that could not be concatenated, (c) voluntary 
discharges, (d) discharges with other destinations 
or unknown discharge destination, and (e) episodes 
of patients with ventricular assist device implanta-
tion or cardiac transplantation procedures in the 
index episode or during the 12 months before the 
index episode. For the purpose of this analysis, 
the total group was divided into two subgroups: 
men and women 75 years of age or older. Pa-
tients were anonymized and assigned a random 
number to preserve their privacy. The study was 
conducted under the Declaration of Helsinki and 
was exempt from review by the Research Ethics 
Committee because de-identified data were used. 
Clinical characteristics and comorbidities of both 
groups, crude and risk-adjusted in-hospital mortal-
ity, the rate of readmissions for HF at 30 days and  
1 year after discharge from the index episode, and 
cardiovascular mortality at 1 year after discharge 
were analyzed.

Statistical analysis
Continuous variables were expressed as mean 

and standard deviation and categorical variables as 
numbers and percentages. Comparisons between 
continuous variables were performed using the 
Student t-test for two factors and analysis of vari-
ance (ANOVA) with the Bonferroni correction for  
3 or more, and categorical variables using the  
χ2 test or the Fisher exact test. The probability of 
death and cardiovascular readmissions at 1 year af-
ter discharge from the index episode was assessed 
in the two age subgroups using Kaplan-Meier 
curves and compared using Mantel’s log-rank 
test. The risk-standardized in-hospital mortality 
ratio was calculated, defined as the quotient be-
tween the expected outcome (which individually 
considers the performance of the hospital where 
the patient is treated) and the expected outcome 
(which considers a standard performance accord-
ing to the mean of all hospitals) multiplied by 
the crude mortality rate of the study population 
[12, 13]. The variables included in the mortality 
models were considered independent variables, 
adapting the models to the MBDS data structure 
after grouping the secondary diagnoses according 
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to the clinical condition categories developed by 
Pope et al. [14]. A backward elimination technique 
was used to select the variables included in the 
adjustment models, and only comorbidities with 
statistical significance and odds ratio (OR) > 1.0 
were considered. The calibration of the models was 
assessed by calculating the risk deciles of observed 
and expected in-hospital mortality obtained by the 
multilevel logistic model. A significant decrease 
in the likelihood ratio statistical test was found 
compared to the null model to assess goodness-
of-fit. Discrimination was assessed by calculating 
receiver operating characteristic curves and their 
corresponding area under the curve (AUROC). 

The predictive model for 30 and 365-day re-
admissions was a mixed Poisson or negative bino-
mial model, according to need, considered as the 
dependent variable the number of readmissions in 
that period and, as the exposure variable, the sum 
of days at risk for each patient, counting the effec-
tive days of follow-up, unless the patient had died, 
in which case only the date of death was counted. 
The model specification considered age and sex 
strata, as well as comorbidity risk factors, using 
the grouping of secondary diagnoses according to 
the categories of clinical conditions developed by 
Pope et al. [14]. For the analysis of 1-year mortality, 
a Cox proportional hazards model was fitted and 
the assumption of proportionality of the model was 
assessed. Hazard ratios and their 95% confidence 
intervals (CI) were obtained for the risk factors. 
The discrimination of the model was analyzed using 
the C statistic. All statistical tests were bilateral, 
and differences found were considered significant 
for p < 0.05. Statistical analyses were performed 
with STATA 17 and SPSS 21.0.

Results 

From 2016 to 2019, a total of 354,786 episodes 
of persons older than 74 years and with a principal 
diagnosis of HF were included, 59.2% of them being 
women. The mean age of the overall population was 
85.2 ± 5.4 years, the crude in-hospital mortality 
was 12.6%, and the crude 30-day cardiovascular 
readmission rate was 11.8%. The proportion of 
HF with preserved left ventricular ejection frac-
tion was 57.6%, being more common in women 
(59.4% vs. 54.6%, p < 0.001), although mortality 
and readmission rates were similar in patients with 
preserved and reduced HF. Table 1 shows the dif-
ferences in clinical characteristics according to sex. 
Women had a higher mean age than men (85.9 ±  
± 5.5 vs. 84.2 ± 5.3 years, p < 0.001), and a higher 

proportion over 90 years of age (20.5% vs. 12.8%, 
p < 0.001). The prevalence of coronary heart 
disease, cancer, diabetes, stroke, renal failure and 
chronic respiratory diseases was higher in men, 
while that of hypertension, psychiatric disorders 
and valvular heart disease was higher in women 
(Table 1). 

Mortality
Crude in-hospital mortality was slightly higher 

in women (12.8% vs. 12.5%; p = 0.004). The 
multilevel adjustment model showed acceptable 
discrimination (AUROC = 0.69) and calibration 
(Fig. 1). Female sex had an OR of 0.95, 95% CI 
0.93–0.97; p < 0.001, behaving as a protective 
variable. Other relevant determinants of in-hospital 
mortality were the presence on admission of car-
diogenic shock, stroke, cancer, pneumonia or acute 
myocardial infarction (Table 2). One-year mortality 
due to cardiovascular causes from the start of the 
index episode to 1 year after discharge was 24.43%, 
being lower in women than in men (24.1% and 
25.0%, respectively, p < 0.001). Figure 2 shows 
the survival curves for the two groups.

Heart failure readmissions
The crude 30-day cardiovascular readmission 

rate was the same in both subgroups (11.8%). The 
multilevel adjustment model for readmissions 
showed low discrimination (AUROC = 0.60) and 
acceptable calibration (Fig. 3). Female sex showed 
a protective effect for 30-day readmissions, with an 
OR of 0.94 (95% CI: 0.92–0.98; p < 0.001; Table 3).  
The existence of competing risks of readmis-
sion rate with mortality in women was not ob-
served (hazard ratio [HR]: 0.92; 95% CI: 0.90–0.95;  
p < 0.001 for competing risks, and HR: 0.92; 95% 
CI: 0.89–0.94; p < 0.001, for proportional risks). Re-
admissions due to HF at 1 year after discharge were  
31.1%, being lower in women than in men (30.8% 
and 31.6%, respectively, p = 0.001). Figure 4 shows 
the readmission-free curves for the two groups.

Discussion

The results of this nation-wide study, which 
included 354,786 episodes of acute HF in patients 
older than 74 years between 2916 and 2019 in 
Spain, show that almost 60% of hospital admissions 
for HF in this age group were women. Differences 
in characteristics were observed between both sex-
es, being the prevalence of coronary heart disease, 
cancer, diabetes, stroke, renal failure and chronic 
respiratory diseases higher in men, while that of 

www.cardiologyjournal.org 3

María Anguita-Gámez et al., Gender differences in older patients with acute heart failure



hypertension, psychiatric disorders and valvular 
heart disease was higher in women. In-hospital and 
1-year mortality rates, as well as 30-day and 1-year 

readmission rates for HF, were significantly lower 
in women. Female sex seems to have a protective 
effect on mortality and readmissions.

Table 1. Comparison of clinical features and comorbidities between male and female patients aged  
75 or more years with acute heart failure in Spain (2016–2019)

Male  
(n = 144,865)

Female  
(n = 209,921)

P

Age [years] (mean ± standard deviation) 84.22 ± 5.29 85.86 ± 5.46 < 0.001

History of coronary artery bypass graft surgery 4.71% 1.20% < 0.001

History of percutaneous transluminal coronary angioplasty 11.79% 5.12% < 0.001

History of cancer 3.18% 1.47% < 0.001

Diabetes mellitus 36.10% 35.09% < 0.001

Protein-caloric malnutrition 2.12% 2.02% 0.047

Chronic liver disease 2.53% 1.72% < 0.001

Dementia/cognitive impairment 10.08% 15.42% < 0.001

Major psychiatric disorders 0.43% 0.77% < 0.001

Hemiplegia/functional disability 0.33% 0.30% 0.120

Cardiogenic shock 0.34% 0.28% 0.003

Acute pulmonary edema 25.54% 32.70% < 0.001

Acute myocardial infarction 0.64% 0.53% < 0.001

Unstable angina 0.88% 0.76% < 0.001

Chronic coronary syndrome 31.11% 15.94% < 0.001

Valvular heart disease 30.96% 35.99% < 0.001

Systemic hypertension 24.45% 28.60% < 0.001

Stroke 0.27% 0.23% 0.016

Peripheral arteriopathy 10.64% 4.73% < 0.001

Chronic obstructive pulmonary disease 28.41% 6.26% < 0.001

Pneumonia 4.90% 3.91% < 0.001

Renal failure 50.70% 42.90% < 0.001

Trauma or other injuries 2.11% 2.75% < 0.001

Figure 1. A, B. Discrimination and calibration of the multilevel logistic model for in-hospital mortality; ROC — receiver 
operating characteristic curve.
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There are some studies in the literature that 
have compared the characteristics and prognosis of 
HF in relation to sex [3, 9–11, 15]. A recent large 
review has highlighted that there are pathophysi-
ological differences between women and men, with 
a predominance of the HF phenotype with pre-
served ventricular ejection fraction in women and 
reduced ventricular ejection fraction in men [9].  
Likewise, there are gaps in different aspects of 
knowledge about HF in women (lack of repre-
sentation in clinical trials, effect of cardiac resyn-

chronization therapy, influence of pharmacokinetic 
characteristics on the dosing of drugs, quality of life 
and prognosis) [9]. Overall, the prevalence of HF in 
the Spanish adult population is similar in men and 
women [3]. In people aged 75 or more years, the 
prevalence in Spain was 15.6% in men and 16.4% 
in women [3]. Some studies have suggested that 
women with chronic HF have a worse quality of 
life than men [10], although they may have a bet-
ter prognosis, with lower mortality rates [11, 15]. 
Older studies showed that women received a lower 
proportion of favorable prognostic treatments than 
men [9], but more recent studies report that the 
use of pharmacological treatment has improved in 
women [15], although the use of nonpharmacologi-
cal treatments (cardiac resynchronization therapy, 
implantable defibrillators, and heart transplanta-
tion) remains lower in women [15].

Most of the aforementioned studies refer to 
patients with chronic HF [9–11, 15], with few 
data to date on the short- and medium-term prog-
nosis of acute HF, and there are no studies in the 
literature that have specifically analyzed clinical 
and prognostic differences in relation to sex in the  
75 years or higher age group. The results of our 
study show that the clinical characteristics of 
women with acute HF are similar to those found in 
other studies [9, 10, 15], with a higher proportion of 
HF with preserved left ventricular ejection fraction 

Table 2. Independent predictors of in-hospital mortality in the studied population (multilevel logistic 
regression model of risk).

OR 95% CI P

Sex (female) 0.95 0.93 0.97 < 0.001

Age 1.07 1.07 1.07 < 0.001

Metastatic cancer, acute leukemia and other severe cancers 2.60 2.46 2.75 < 0.001

Protein-calorie malnutrition 1.56 1.47 1.66 < 0.001

Chronic liver disease 1.52 1.42 1.62 < 0.001

Dementia or other specified brain disorders 1.41 1.37 1.45 < 0.001

Major psychiatric disorders 1.15 1.02 1.31 0.026

Hemiplegia, paraplegia, paralysis, functional disability 1.63 1.39 1.91 < 0.001

Cardiogenic shock 19.61 16.88 22.77 < 0.001

Cardio-respiratory failure and shock 1.61 1.57 1.64 < 0.001

Acute myocardial infarction 2.03 1.82 2.17 < 0.001

Unstable angina and other acute ischemic heart disease 1.71 1.56 1.88 < 0.001

Stroke 3.40 2.93 3.95 < 0.001

Vascular disease and complications 1.13 1.09 1.18 < 0.001

Pneumonia 2.04 1.96 2.13 < 0.001

Renal failure 1.64 1.61 1.68 < 0.001

CI — confidence intervals; OR —odds ratio

Figure 2. One-year mortality due to cardiovascular caus-
es after discharge for the index episode of heart failure 
in men and women.
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Table 3. Independent predictors of 30-day heart failure readmissions in the studied population  
(multilevel logistic regression model of risk).

OR 95% CI P

Sex (female) 0.94 0.92 0.98 < 0.001

Age 1.02 1.01 1.03 0.003

History of coronary artery bypass graft surgery 1.09 1.01 1.17 0.022

Diabetes mellitus 1.13 1.10 1.16 < 0.001

Other significant endocrine and metabolic disorders;  
disorders of fluid/electrolyte/acid-base balance 

1.07 1.03 1,11 < 0,001

Other psychiatric disorders 1.08 1.01 1.15 0.016

Hemiplegia, paraplegia, paralysis, functional disability 1.19 0.96 1.47 0.105

Cardio-respiratory failure and shock 1.08 1.05 1.11 < 0.001

Acute coronary syndrome 1.22 1.09 1.36 < 0.001

Coronary atherosclerosis or angina 1.17 1.14 1,.21 < 0,001

Valvular and rheumatic heart disease 1.19 1.16 1.22 < 0.001

Specified arrhythmias and other heart rhythm disorders 1.10 1.07 1.13 < 0.001

Vascular or circulatory disease 1.04 1.01 1.08 0.023

Chronic obstructive pulmonary disease 1.14 1.11 1.18 < 0.001

Fibrosis of lung or other chronic lung disorders 1.15 1.08 1.23 < 0.001

Asthma 1.11 1.05 1.17 < 0.001

Renal failure 1.40 1.36 1.43 < 0.001

CI — confidence intervals; OR —odds ratio

Figure 3. A, B. Discrimination and calibration of the multilevel logistic model for 30-day heart failure readmissions 
after the index episode; ROC — receiver operating characteristic curve.

and a higher age than men, a lower prevalence of 
coronary heart disease, cancer, diabetes, stroke, 
renal failure and chronic respiratory diseases, and 
a higher prevalence of hypertension, psychiatric 
disorders and valvular heart disease. In-hospital 
and 1-year mortality were significantly, although 
slightly, lower in women, which coincides with 
the results of the studies in chronic HF [9–11, 15]. 
Likewise, the rate of readmissions for HF at 30 days 

and 1 year was also lower in the present series, in 
contrast to that reported by older studies [11]. This 
may be due to the improved treatment experienced 
in recent years in the female group [15]

Limitations of the study
The current study has several strengths. It is  

a recent study, with a very large number of patients, 
that analyses all cases of acute HF admissions in 
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Figure 4. One-year heart failure readmission-free curves 
after discharge for the index episode of heart failure in 
men and women.

a whole country, including the various subtypes of 
HF according to left ventricular ejection fraction, 
and one that compares the characteristics and 
outcomes of male and female patients aged over 
75 years. It also has some limitations, related to its 
retrospective nature and the lack of some variables 
of interest in the database analyzed, such as, for 
example, the absence of data on the pharmacologi-
cal treatment received by the patients. However, 
the large number of cases and their nation-wide 
nature allow us to provide reliable data on the 
characteristics and prognosis of these patients with 
acute HF and the sex-related differences, who have 
been scarcely studied to date. 

Conclusions

From the results of this study, it can be con-
cluded that almost 60% of hospital admissions for 
HF in people aged 75 years or older between 2016 
and 2019 in Spain were female patients, and that 
female sex seems to play a protective role on in-
hospital mortality and the rate of admissions and 
mortality at 1 year after discharge.

Acknowledgments
To the Ministry of Health of the Government 

of Spain for the support provided to develop the 
RECALCAR project, with special thanks to the 
Institute of Sanitary Information.

Conflict of interest: None declared

References

1.	 Ziaeian B, Fonarow GC, et al. Epidemiology and aetiology of heart 
failure. Nat Rev Cardiol. 2016; 13(6): 368–378, doi: 10.1038/nr-
cardio.2016.25, indexed in Pubmed: 26935038.

2.	 Sayago-Silva I, García-López F, Segovia-Cubero J. Epidemiology 
of heart failure in Spain over the last 20 years. Rev Esp Cardiol 
(Engl Ed). 2013; 66(8): 649–656, doi: 10.1016/j.rec.2013.03.012, 
indexed in Pubmed: 24776334.

3.	 Anguita Sánchez M, Crespo Leiro MG, de Teresa Galván E, et 
al. Prevalence of heart failure in the Spanish general popula-
tion aged over 45 years. The PRICE Study. Rev Esp Cardiol. 
2008; 61(10): 1041–1049, doi: 10.1016/s1885-5857(09)60007-4, 
indexed in Pubmed: 18817680.

4.	 Fröhlich H, Rosenfeld N, Täger T, et al. Epidemiology and long-
term outcome in outpatients with chronic heart failure in North-
western Europe. Heart. 2019; 105(16): 1252–1259, doi: 10.1136/
heartjnl-2018-314256, indexed in Pubmed: 30792238.

5.	 Bonilla-Palomas JL, Anguita-Sánchez MP, Elola-Somoza FJ, et 
al. Thirteen-year trends in hospitalization and outcomes of pa-
tients with heart failure in Spain. Eur J Clin Invest. 2021; 51(11): 
e13606, doi: 10.1111/eci.13606, indexed in Pubmed: 34076253.

6.	 Tsao CW, Lyass A, Enserro D, et al. Temporal trends in the inci-
dence of and Mortality associated with heart failure with preserved 
and reduced ejection fraction. JACC Heart Fail. 2018; 6(8): 678–685, 
doi: 10.1016/j.jchf.2018.03.006, indexed in Pubmed: 30007560.

7.	 Lainščak M, Milinković I, Polovina M, et al. Sex- and age-re-
lated differences in the management and outcomes of chronic 
heart failure: an analysis of patients from the ESC HFA EORP 
Heart Failure Long-Term Registry. Eur J Heart Fail. 2020; 22(1): 
92–102, doi: 10.1002/ejhf.1645, indexed in Pubmed: 31863522.

8.	 Escobar C, Varela L, Palacios B, et al. Costs and healthcare uti-
lisation of patients with heart failure in Spain. BMC Health Serv 
Res. 2020; 20(1): 964, doi: 10.1186/s12913-020-05828-9, indexed 
in Pubmed: 33081776.

9.	 Lam CSP, Arnott C, Beale AL, et al. Sex differences in heart 
failure. Eur Heart J. 2019; 40(47): 3859–3868c, doi:  10.1093/
eurheartj/ehz835, indexed in Pubmed: 31800034.

10.	 Garay A, Tapia J, Anguita M, et al. Gender differences in health-
related quality of life in patients with systolic heart failure: results 
of the VIDA multicenter study. J Clin Med. 2020; 9(9): 2825– 
–2832, doi: 10.3390/jcm9092825, indexed in Pubmed: 32878281.

11.	 Jiménez-Navarro MF, Ramirez-Marrero MA, Anguita-Sánchez M,  
et al. Influence of gender on long-term prognosis of patients 
with chronic heart failure seen in heart failure clinics. Clin Car-
diol. 2010; 33(3): E13–E18, doi: 10.1002/clc.20476, indexed in Pub-
med: 20155855.

12.	 Goldstein SD. League tables and their limitations: statistical 
aspects of institutional performance. J R Stat Soc. 1996: 385–444.

13.	 Normand SL, Glickman M, Gatsonis C. Statistical methods for profil-
ing providers of medical care: issues and applications. J Am Stat As-
soc. 1997; 92(439): 803–814, doi: 10.1080/01621459.1997.10474036.

14.	 Pope GC, Ellis RP, Ash AS, et al. Principal inpatient diagnostic 
cost group model for Medicare risk adjustment. Health Care 
Financ Rev. 2000; 21(3): 93–118, indexed in Pubmed: 11481770.

15.	 Dewan P, Rørth R, Jhund PS, et al. Differential impact of heart 
failure with reduced ejection fraction on men and women. J Am 
Coll Cardiol. 2019; 73(1): 29–40, doi: 10.1016/j.jacc.2018.09.081, 
indexed in Pubmed: 30621948.

0.00

0

0.25

100

0.50

200
Days

Kaplan–Meyer survival estimates

0.75

300

Female
Male

1.00

400

www.cardiologyjournal.org 7

María Anguita-Gámez et al., Gender differences in older patients with acute heart failure

http://dx.doi.org/10.1038/nrcardio.2016.25
http://dx.doi.org/10.1038/nrcardio.2016.25
https://www.ncbi.nlm.nih.gov/pubmed/26935038
http://dx.doi.org/10.1016/j.rec.2013.03.012
https://www.ncbi.nlm.nih.gov/pubmed/24776334
http://dx.doi.org/10.1016/s1885-5857(09)60007-4
https://www.ncbi.nlm.nih.gov/pubmed/18817680
http://dx.doi.org/10.1136/heartjnl-2018-314256
http://dx.doi.org/10.1136/heartjnl-2018-314256
https://www.ncbi.nlm.nih.gov/pubmed/30792238
http://dx.doi.org/10.1111/eci.13606
https://www.ncbi.nlm.nih.gov/pubmed/34076253
http://dx.doi.org/10.1016/j.jchf.2018.03.006
https://www.ncbi.nlm.nih.gov/pubmed/30007560
http://dx.doi.org/10.1002/ejhf.1645
https://www.ncbi.nlm.nih.gov/pubmed/31863522
http://dx.doi.org/10.1186/s12913-020-05828-9
https://www.ncbi.nlm.nih.gov/pubmed/33081776
http://dx.doi.org/10.1093/eurheartj/ehz835
http://dx.doi.org/10.1093/eurheartj/ehz835
https://www.ncbi.nlm.nih.gov/pubmed/31800034
http://dx.doi.org/10.3390/jcm9092825
https://www.ncbi.nlm.nih.gov/pubmed/32878281
http://dx.doi.org/10.1002/clc.20476
https://www.ncbi.nlm.nih.gov/pubmed/20155855
http://dx.doi.org/10.1080/01621459.1997.10474036
https://www.ncbi.nlm.nih.gov/pubmed/11481770
http://dx.doi.org/10.1016/j.jacc.2018.09.081
https://www.ncbi.nlm.nih.gov/pubmed/30621948

