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ARTICLE INFO ABSTRACT

Introduction: Heart failure (HF) affects approximately 64 million people globally,
Article history: contributing to high mortality, morbidity, reduced quality of life, and substantial
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healthcare burden. Acute heart failure (AHF) requires urgent intervention and carries
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elevated risks of mortality and major adverse cardiovascular events (MACE). The Get

Revised With The Guidelines-Heart Failure (GWTG-HF) risk score, originally developed for
01 October 2025 predicting in-hospital mortality in HF patients, has shown potential in forecasting MACE
Accepted in certain populations. However, its association with MACE in Indonesian AHF patients
31 December 2025 remains underexplored.

Method: This retrospective observational cohort study included 319 AHF patients
Manuscript ID: admitted to Adam Malik General Hospital, Medan, Indonesia, from January 2024 to

JSOCMED-15092025-412-1 \parch 2025, Patient characteristics, GWTG-HF scores, and in-hospital MACE were

recorded. Statistical analyses involved receiver operating characteristic (ROC) curves
and multivariate regression.
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Language Editor: Results: Patients had a mean age of 55 years, with 54.5% males. Median hospital stay
Rebecea was 5 days (range 1-47). Predominant features included acute decompensated HF
Editor-Chicf: (65.8%), infection as etiology (46.7%), HFrEF (52.0%), coronary heart disease (62.4%),
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mortality (18.8%), increasing with GWTG-HF risk categories (low: 8.1%; moderate:
17.4%; high: 36.7%). Age, systolic blood pressure, heart rate, sodium, and blood urea
nitrogen significantly influenced MACE (p<0.05). The GWTG-HF score demonstrated
good predictive performance for MACE (AUC 0.759, p<0.001; sensitivity 63.2%;
specificity 78.1%).

Conclusion: The GWTG-HF score is significantly associated with in-hospital MACE in
Indonesian AHF patients, supporting its utility as a risk stratification tool to guide clinical
decisions and optimize management.
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INTRODUCTION

Heart failure (HF) is a clinical syndrome characterized by typical symptoms such as dyspnea, ankle swelling,
and fatigue, often accompanied by signs such as elevated jugular venous pressure, pulmonary crackles, and
peripheral edema. This results from structural or functional cardiac abnormalities, leading to increased
intracardiac pressure and/or inadequate cardiac output at rest or during exercise. Most cases arise from
myocardial dysfunction in the systolic, diastolic, or both phases, with contributions from valvular
abnormalities, pericardial/endocardial disorders, and rhythm/conduction disturbances [1].
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In developed countries, age-adjusted HF incidence has declined due to improved cardiovascular disease
management; however, the overall prevalence has increased with population aging. HF affects more than 64
million individuals worldwide. In Europe, the incidence is approximately 3—5 per 1000 person-years, with a
prevalence of 1-2% in adults, increasing from <1% in those aged <55 years to >10% in those aged >70 years.
Approximately 50% of the patients had heart failure with reduced ejection fraction (HFrEF), while the
remainder had heart failure with preserved ejection fraction (HFpEF) or mildly reduced ejection fraction
(HFmrEF). The long-term ESC of the Cardiology registry data indicate proportions of 60% HFrEF, 24%
HFmrEF, and 16% HfpEF [1].

HF remains a complex syndrome with persistently high morbidity and mortality rates, which are
projected to increase with global aging and impose substantial healthcare burdens. Effective risk stratification
is essential for optimizing management, including outpatient follow-up, pharmacotherapy titration, and device
therapies. Individual clinical parameters, such as age, blood pressure, heart rate, renal function, B-type
natriuretic peptide levels, inflammatory biomarkers, echocardiographic findings, respiratory capacity, anemia,
and sleep-disordered breathing, serve as prognostic indicators to distinguish high- from low-risk patients [2].
In the REPORT-HF registry, crude 1-year mortality varied across Asia, being highest in Indonesia (34.1%)
and lowest in Korea (10.9%), with Indonesian patients (n=337 discharged alive) having a median age of 56
years and 38.6% being female [3]. In Indonesia, age-adjusted cardiovascular mortality increased from 2000 to
2019, contributing significantly to the overall burden [4]. Local data from a Medan hospital (2019) reported
417 HF admissions, predominantly in males (72.7%), with hypertension as the leading risk factor (64%) and
major cardiovascular events in 184 patients [5].

Major adverse cardiovascular events (MACE) typically comprise a composite of all-cause
death, myocardial infarction, coronary revascularization, stroke, and heart failure hospitalization,
contributing to substantial morbidity, mortality, reduced quality of life, and increased healthcare costs
[6-8]. MACE has profound socioeconomic implications, with cardiovascular diseases causing over
17 million deaths annually [9,10]. In Indonesia, coronary heart disease is the leading cause of death,

with an increasing prevalence of risk factors such as obesity and diabetes [11]. Several risk prediction
models have been developed, including the Seattle Heart Failure Model, GWTG-HF, ADHERE, MAGGIC-
HF, and GISSI-HF models [12]. Comprehensive scores that incorporate multiple parameters better predict
outcomes. For instance, the AHEAD score targets the long-term risk of acute HF [2].

In 2010, Peterson et al. developed and validated the GWTG-HF risk score to predict in-hospital mortality
in acute HF using seven admission variables: age, systolic blood pressure, blood urea nitrogen, heart rate,
serum sodium level, history of chronic obstructive pulmonary disease, and non-black race. Derived from
39,783 patients across 198 U.S. hospitals, it reported 2.86% in-hospital mortality and a similarly poor
prognosis in HFTEF and HFpEF [13]. Subsequent studies have confirmed its discriminatory ability for in-
hospital and 1-year mortality [14]. In Japanese cohorts, higher GWTG-HF scores were correlated with elevated
natriuretic peptide levels and increased all-cause mortality (23.9%) and cardiovascular events (28%) [15].
Validation in Japan showed good discrimination, which was enhanced by the addition of BNP [16]. In Asian-
American patients, comparable outcomes supported generalizability [17]. Indian studies have demonstrated
competitive performance versus APACHE II with a significant NT-proBNP correlation [18]. External
validations consistently affirmed reliability, although local adaptation may be needed owing to demographic
variations [19].

The GWTG-HF score offers practical advantages by utilizing routinely collected admission variables
for easy calculation and high-risk identification to inform decision making [20]. Its applicability for mortality
and MACE prediction in acute HF warrants further evaluation, particularly in underrepresented populations.
At Adam Malik General Hospital, Medan, no routine risk scoring assesses mortality or MACE in patients with
HF, prompting an investigation into the association between the GWTG-HF score and in-hospital MACE in
acute HF. Despite the availability of these scores, their routine clinical use remains limited because of their
complexity and individual-level accuracy. HF prognosis involves multifaceted factors, with acute
exacerbations signaling worse outcomes and high readmission rates (10-30% within 90 days to 1 year) [12].
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METHOD

This retrospective observational cohort study investigated the association between the Get With The
Guidelines-Heart Failure (GWTG-HF) risk score and in-hospital major adverse cardiovascular events (MACE)
in patients with acute heart failure (AHF).
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Figure 1. Nomogram of the Get With the Guidelines-Heart Failure (GWTG-HF) risk score (adapted from Peterson et al.
2010).

This study was conducted at the Adam Malik General Hospital, a tertiary referral center in Medan,
Indonesia. Data will be retrieved from medical records of consecutive patients admitted for AHF between
January 2024 and March 2025. The target population comprised adult patients diagnosed with AHF. Eligible
participants were aged =18 years, admitted through the emergency department or directly to the wards, and
had a diagnosis supported by history, physical examination, and ancillary investigations. Patients were
required to have complete medical records sufficient for GWTG-HF score calculation. The exclusion criteria
were end-stage renal disease requiring hemodialysis, implanted pacemaker, pregnancy, palliative care status,
and congenital heart disease. The minimum sample size was calculated to detect a clinically meaningful
difference in MACE incidence between the high- and low-risk GWTG-HF categories, yielding approximately
77 patients per group for a total of 231 patients. However, all consecutive eligible patients during the study
period were included to enhance precision. Data collection involved a review of electronic and paper medical
records. Baseline characteristics, admission vital signs, laboratory results, comorbidities, and in-hospital
outcomes were also recorded. The GWTG-HF risk score was computed using seven established variables and
categorized into low-, moderate-, and high-risk groups. The primary outcome was in-hospital MACE, a
composite endpoint that included all-cause mortality, acute myocardial infarction, stroke, cardiogenic shock,
and malignant ventricular arrhythmia.

The operational definitions for key variables, including the components of the GWTG-HF score (age,
systolic blood pressure, heart rate, blood urea nitrogen, serum sodium, COPD history, and race) and MACE,
followed the established guidelines and prior validations. Categorical data are expressed as frequencies and
percentages, while continuous data are presented as mean + standard deviation or median (range) based on
normality assessed using the Kolmogorov-Smirnov test. Associations were examined using the chi-square or
Fisher's exact tests for categorical variables and independent t-tests or Mann-Whitney U tests for continuous
variables. Significant bivariate predictors were included in the multivariate logistic regression models.
Statistical analyses were performed using SPSS version 22, with p < 0.05, denoting significance. Ethical
approval was obtained from the Health Research Ethics Committee of the Faculty of Medicine, Universitas
Sumatera Utara, and research permission was obtained from the Research and Development Unit of the Adam
Malik General Hospital.

RESULTS

This retrospective cohort study included 319 patients with acute heart failure (AHF) admitted to the Adam
Malik General Hospital, Medan, Indonesia, between January 2024 and March 2025. Initially, 382 potential
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cases were identified from the hospital records; 63 were excluded due to incomplete data or meeting the
exclusion criteria, yielding the final analytical sample.

Table 1. Baseline Categorical Characteristics by GWTG-HF Risk Category

Parameter Low (n=124) Moderate (n=86) High (n=109)
Male sex 85 (68.5%) 50 (58.1%) 78 (71.6%)
Acute decompensated HF 82 (66.1%) 61 (70.9%) 69 (63.3%)
Acute pulmonary edema 39 (31.5%) 22 (25.6%) 30 (27.5%)
Cardiogenic shock 0 (0.0%) 0 (0.0%) 6 (5.5%)
Infection etiology 50 (40.3%) 36 (41.9%) 45 (41.3%)
Coronary heart disease 76 (61.3%) 51 (59.3%) 72 (66.1%)
Smoking 64 (51.6%) 39 (45.3%) 59 (54.1%)
Hypertension 72 (58.1%) 44 (51.2%) 49 (45.0%)
HFrEF 53 (42.7%) 46 (53.5%) 67 (61.5%)
Furosemide use 115 (92.7%) 84 (97.7%) 108 (99.1%)

The baseline characteristics are summarized in Tables 1 and 2. The cohort had a median age of 55 years
(range, 18-85 years), with a male predominance (213 patients; 66.8%). The most common clinical presentation
was acute decompensated heart failure (212 patients, 66.5%), followed by acute pulmonary edema. Infection
was the leading etiology (131 patients, 41.1%), and coronary heart disease was the most frequent comorbidity
(199 patients, 62.4%). HFrEF was present in 166 patients (52.0%). Loop diuretics (furosemide) were
prescribed to almost all patients (307 patients, 96.2%).

Table 2. Baseline Continuous Characteristics by GWTG-HF Risk Category (Median (range) unless stated otherwise)

Parameter Low (n=124) Moderate (n=86) High (n=109)
Age (years) 51.5 (18-75) 58 (23-82) 61 (21-85)
Length of stay (days) 5(2-23) 5(1-47) 6 (1-30)
Systolic BP (mmHg) 140 (100-235) 121 (90-195) 105 (70-153)
Heart rate (bpm) 87.5 (30-146) 99.5 (44-185) 109 (34-212)
Sodium (mEq/L) 143 (122-151) 141 (128-150) 142 (114-152)
BUN (mg/dL) 14.5 (3.7-57.5) 19.2 (6.5-60.7) 28 (7.5-100)
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Figure 2. Incidence of in-hospital major adverse cardiovascular events (MACE) stratified by GWTG-HF risk categories.
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The patients were stratified into low-(n = 124, 38.9 %), moderate-(n = 86, 27.0 %), and high-risk (n =
109, 34.2 %) categories according to the GWTG-HF risk score (Table 3). Higher risk categories were
associated with older age, lower systolic blood pressure, higher heart rate, elevated blood urea nitrogen levels,
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and higher prevalence of chronic obstructive pulmonary disease. In-hospital major adverse cardiovascular
events (MACE) occurred in 95 patients (29.8%), predominantly all-cause mortality (60 patients, 18.8%),
followed by cardiogenic shock and malignant arrhythmias.

MACE incidence increased markedly across risk strata: 8.1% in low-risk, 29.1% in moderate-risk, and
55.0% in high-risk groups (p<0.001)

Table 3. In-Hospital MACE by GWTG-HF Risk Category

Event Low (n=124) Moderate (n=86) High (n=109) p-value
Any MACE 10 (8.1%) 25 (29.1%) 60 (55.0%) <0.001
All-cause mortality 5 (4.0%) 15 (17.4%) 40 (36.7%)
Cardiogenic shock 2 (1.6%) 13 (15.1%) 36 (33.0%)

Multivariate logistic regression identified age (OR 1.052; 95% CI 1.027-1.078; p=0.001), systolic blood
pressure (OR 0.974; 95% CI 0.964—0.985; p=0.001), heart rate (OR 1.015; 95% CI 1.004-1.026; p=0.006),
BUN (OR 1.033; 95% CI 1.013-1.054; p=0.001), and sodium (OR 0.990; 95% CI 0.946-1.036; p=0.011) as
independent predictors of MACE
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Figure 3. Receiver operating characteristic (ROC) curve of the GWTG-HF risk score for predicting in-hospital
MACE (AUC =0.759)

Receiver operating characteristic analysis demonstrated good discriminatory performance of the
GWTG-HF score for in-hospital MACE (AUC 0.759; 95% CI not reported; p<0.001), with a sensitivity of
63.2% and specificity of 78.1%.

DISCUSSION

This retrospective cohort study of 319 patients with acute heart failure (AHF) at a tertiary hospital in Indonesia
confirmed a strong association between the Get With The Guidelines-Heart Failure (GWTG-HF) risk score
and in-hospital major adverse cardiovascular events (MACE). The observed MACE rate of 29.8%, which
increased to 55.0% in high-risk patients, underscores the utility of the score in identifying individuals requiring
intensified management.

The demographic profile—predominantly male (66.8%) with a median age of 55 years—is consistent
with global HF epidemiology, where male preponderance reflects higher exposure to ischemic triggers and
differing hormonal influences on cardiac remodeling [21-37]. Acute decompensated heart failure dominated
presentations, but high-risk strata showed enrichment for cardiogenic shock and right ventricular failure,
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aligning with evidence that advanced hemodynamic compromise portends poor short-term outcomes [38,39].
Acute coronary syndrome, the leading etiology in high-risk patients (48.6%), reinforces its role in precipitating
rapid deterioration, extensive myocardial necrosis, and arrhythmogenic substrates [38]. The comorbidity
burden escalated with the risk category, with coronary heart disease, chronic kidney disease, and chronic
obstructive pulmonary disease being more prevalent in high-risk groups. [38] These findings corroborate those
of multinational registries demonstrating the multiplicative prognostic impact of cardiorenal and
cardiopulmonary interactions [39]. HFTEF predominance in high-risk patients (61.5%) versus HFpEF in low-
risk strata reflects greater structural myocardial damage and neurohormonal activation in reduced ejection
fraction phenotypes [37].

Guideline-directed therapy revealed near-universal loop diuretic use, modest ARNI uptake in severe
cases, and strikingly low SGLT2 inhibitor prescription, highlighting persistent implementation gaps in
resource-constrained settings despite robust evidence for mortality reduction across ejection fraction spectra
[40,41]. Laboratory derangements, such as elevated BUN, lower systolic blood pressure, tachycardia, and
relative hyponatremia in high-risk patients, mirror established markers of cardiorenal syndrome, inadequate
perfusion, and neurohormonal dysregulation [42-51]. Multivariate analysis identified age, systolic blood
pressure, heart rate, BUN, and sodium as independent MACE predictors, recapitulating the core GWTG-HF
components and validating their pathophysiological relevance [52-61]. The score's discriminatory
performance (AUC 0.759) compares favorably with external validations in diverse populations, confirming
moderate to good accuracy using readily available admission variables [62]. This supports the routine GWTG-
HF calculation for early risk stratification, potentially guiding resource allocation, monitoring intensity, and
timely escalation of advanced therapies.

The strengths of this study include the comprehensive characterization of a Southeast Asian cohort and
addressing the underrepresented regions in the HF prognostication literature. The limitations of this study
include its single-center retrospective design, potential selection bias from the exclusion criteria, and the
inability to assess race effects due to ethnic homogeneity. Prospective multicenter validation, ideally
incorporating contemporary biomarkers or machine learning enhancements, would strengthen the
generalizability of our findings. In conclusion, the GWTG-HF risk score reliably predicts in-hospital MACE
in Indonesian patients with AHF, offering a simple, pragmatic tool to optimize clinical decision-making and
improve outcomes in real-world practice.

CONCLUSION

In this retrospective study of 319 patients with acute heart failure at a tertiary hospital in Indonesia, the Get
With The Guidelines-Heart Failure (GWTG-HF) risk score demonstrated good discriminatory performance
(AUC 0.759; p <0.001) in predicting in-hospital major adverse cardiovascular events (MACE; 29.8%), which
increased significantly from 8.1% in the low-risk to 55.0% in the high-risk categories (p < 0.001). Age, systolic
blood pressure, heart rate, blood urea nitrogen level, and sodium level were independent predictors. These
findings validate the clinical utility of the GWTG-HF score for effective risk stratification in Asian
populations, enabling the early identification of high-risk patients to guide their management and improve
their outcomes.

DECLARATIONS
Ethics approval and consent to participate were obtained. Permission for this study was obtained from the
Ethics Committee of the Universitas Sumatera Utara and Haji Adam Malik General Hospital.

CONSENT FOR PUBLICATION
The Authors agree to the publication in the Journal of Society Medicine.

FUNDING
None

375



Journal of Society Medicine. 2025; 4 (12): 370-379

COMPETING INTERESTS
The authors declare that there is no conflict of interest in this report.

AUTHORS’ CONTRIBUTIONS
All authors significantly contribute to the work reported execution, acquisition of data, analysis, and

interpretation, or in all these areas. Contribute to drafting, revising, or critically reviewing the article. Approved
the final version to be published, agreed on the journal to be submitted, and agreed to be accountable for all

aspects of the work.

ACKNOWLEDGMENTS
None

REFERENCE

1.

10.

11.

12.
13.

14.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al. 2021 ESC Guidelines
for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. 2021;42(36):3599-726.
Kumar L, Mahla H, Chaturvedi N, Sharma SM, Bagarhatta R. Prediction of mortality using Get With The
Guidelines Heart Failure score (GWTG-HF), its comparison with APACHE II score, and its correlation
with NT-proBNP levels: a study among patients with acute decompensated heart failure in the Southeast
Asian region. medRxiv. 2023:23290079.

Feng J, Zhang Y, Zhang J. Epidemiology and burden of heart failure in Asia. JACC Asia. 2024;4:249-64.
Harmadha WSP, Muharram FR, Gaspar RS, Azimuth Z, Sulistya HA, Firmansyah F, et al. Explaining the
increase in incidence and mortality of cardiovascular disease in Indonesia: a global burden of disease
study analysis (2000-2019). PLoS One. 2023;18(12):0296857.

Tarigan S, Hasan H, Lubis AC, Mukhtar Z, Haykal B, Sarastri Y. Correlation of MAGGIC Score with
major adverse cardiac events in patients with chronic heart failure at H. Adam Malik Medan Hospital. Int
J Res Stud Med Health Sci. 2021;8(10).

Moltoé-Balado P, Reverté-Villarroya S, Monclus-Arasa C, Balado-Albiol MT, Baset-Martinez S, Carot-
Domenech J, et al. Heart failure and major adverse cardiovascular events in patients with atrial fibrillation:
a retrospective primary care cohort study. Biomedicines. 2023;11(7):1825.

Nasution SA, Perkasa H, Ginanjar E, Rinaldi I. In-hospital major adverse cardiac events factor predictors
of ST-elevation myocardial infarction after primary percutaneous coronary intervention at dr. Cipto
Mangunkusumo General Hospital. eJKI. 2022;10(2):133-41.

Ilyas KK, Kasiman S, Hasan H, Mukhtar Z, Hasan R, Raynaldo AH. Acta Cardiologia Indonesiana heart
score for predicting in-hospital major cardiovascular event in patients with non-ST segment elevation
acute coronary syndrome. Acta Cardiol Indones. 2020;6(2):77-85.

Ahmad FB, Anderson RN. The leading causes of death in the US in 2020. JAMA. 2021;325(18):1829-
30.

Timmis A, Vardas P, Townsend N, Torbica A, Katus H, De Smedt D, et al. European Society of
Cardiology. Cardiovascular disease statistics, 2021. Eur Heart J. 2022;43(8):716-99.

Arsyad DS, Westerink J, Cramer MJ, Ansar J, Wahiduddin, Visseren FLJ, et al. Modifiable risk factors
in adults with and without prior cardiovascular disease: Findings from the Indonesian National Basic
Health Research. BMC Public Health. 2022;22(1):2286.

American Heart Association. Get With The Guidelines — Heart Failure. Dallas, TX: AHA; 2021.
Peterson PN, Rumsfeld JS, Liang L, Albert NM, Hernandez AF, Peterson ED, et al. A validated risk score
for in-hospital mortality in patients with heart failure from the American Heart Association ’sGet With
the Guidelines Program. Circ Cardiovasc Qual Outcomes. 2010;3(1):25-32.

Lyle M, Wan SH, Murphree D, Bennett C, Wiley BM, Barsness G, et al. Predictive value of the Get With
The Guidelines-Heart Failure risk score in unselected cardiac intensive care unit patients. J] Am Heart
Assoc. 2020;9(3):e012439.

376



Journal of Society Medicine. 2025; 4 (12): 370-379

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

Suzuki S, Yoshihisa A, Sato Y, Kanno Y, Watanabe S, Abe S, et al. Clinical significance of the Get With
The Guidelines-Heart Failure risk score in patients with chronic heart failure after hospitalization. ] Am
Heart Assoc. 2018;7(17):¢008316.

Shiraishi Y, Kohsaka S, Abe T, Mizuno A, Goda A, Izumi Y, et al. Validation of the Get With The
Guidelines—Heart Failure risk score in Japanese patients and the potential improvement of its
discrimination ability by the inclusion of B-type natriuretic peptide level. Am Heart J. 2016;171(1):33-
39.

Qian F, Fonarow GC, Krim SR, Vivo RP, Cox M, Hannan EL, et al. Characteristics, quality of care, and
in-hospital outcomes of Asian-American patients with heart failure: findings from the American Heart
Association Get With The Guidelines—Heart Failure Program. Int J Cardiol. 2015;189:141-7.

Kumar L, Mahla H, Chaturvedi N, Sharma SM, Bagarhatta R. Prediction of mortality using Get With The
Guidelines Heart Failure score (GWTG-HF), its comparison with APACHE II score and its correlation
with NT-proBNP levels: a study among patients of Acute Decompensated Heart Failure from South East
Asian region. medRxiv [preprint]. 2023:2023.05.16.23290079.

Iliadis C, Spieker M, Kavsur R, Metze C, Hellmich M, Horn P, et al. Get with the Guidelines Heart Failure
Risk Score for mortality prediction in patients undergoing MitraClip placement Clin Res Cardiol.
2021;110(12):1871-80.

Bo X, Zhang Y, Liu Y, Kharbuja N, Chen L. Performance of the heart failure risk scores in predicting 1-
year mortality and short-term readmission of patients. ESC Heart Fail. 2023;10(1):502-17.

Mahmood M, Banerjee SK. Prediction of in-hospital mortality using Get With The Guidelines-Heart
Failure (GWTG-HF) risk scores in patients hospitalized with heart failure. Eur Heart J. 2022;43(Suppl 1).
Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA
Guideline for the management of heart failure: a report of the American College of Cardiology/American
Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. 2022;145(18):e895-
1032.

Schwinger RHG. Pathophysiology of heart failure. Cardiovasc Diagn Ther. 2021;11(1):263-76.

Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et al. Heart disease and
stroke statistics-2020 update: a report from the American Heart Association. Circulation.
2020;141(9):e139-596.

Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, et al. Modifiable risk factors,
cardiovascular disease, and mortality in 155,722 individuals from 21 countries (PURE): a prospective
cohort study. Lancet. 2020;395(10226):795-808.

Abassi Z, Khoury EE, Karram T, Aronson D. Edema formation in congestive heart failure and the
underlying mechanisms. Front Cardiovasc Med. 2022;9:933215.

Zipes DP, Libby P, Bonow RO, Mann DL, Tomaselli GF, Braunwald E, eds. Braunwald's Heart Disease:
A Textbook of Cardiovascular Medicine. 11th ed. Philadelphia: Elsevier; 2018.

Obokata M, Reddy YNV, Borlaug BA. Diastolic dysfunction and heart failure with preserved ejection
fraction: understanding mechanisms using noninvasive methods. JACC Cardiovasc. 2020;13(1 Pt 2):245-
57.

Abimanyu R, Sitepu A, Nasution AN. Comparison of Syntax II and Grace scores as predictors of major
cardiovascular events 30 days after treatment in STEMI patients undergoing PPCI. J Soc Med.
2024;3(6):171-7.

Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S, Albert N, et al. Universal definition
and classification of heart failure: a report of the Heart Failure Society of America, Heart Failure
Association of the European Society of Cardiology, Japanese Heart Failure Society, and Writing
Committee of the Universal Definition of Heart Failure. Eur J Heart Fail. 2021;23(3):352-80.

Riccardi M, Sammartino AM, Piepoli M, Adamo M, Pagnesi M, Rosano G, et al. Heart failure: an update
from the last years and a look at the near future. ESC Heart Fail. 2022;9(6):3667-93.

377



Journal of Society Medicine. 2025; 4 (12): 370-379

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Bosco E, Hsueh L, McConeghy KW, Gravenstein S, Saade E. Major adverse cardiovascular event
definitions used in observational analysis of administrative databases: a systematic review. BMC Med
Res Methodol. 2021;21(1):241.

Rocha H, Gouveia R, Elias C, Reis C, Fonseca AM, Costa A, et al. Systolic blood pressure increase in
chronic heart failure is associated with survival advantage. Porto Biomed J. 2025;10(2):e284.

Bohm M, Bewarder Y, Kindermann I, Slawik J, Wintrich J, Werner C. Optimization of heart failure
treatment by heart rate reduction. Int J Heart Fail. 2019;2(1):1-11.

Duan S, Li Y, Yang P. Predictive value of blood urea nitrogen in heart failure: a systematic review and
meta-analysis. Front Cardiovasc Med. 2023;10:1189884.

World Health Organization (WHO). World Report on Ageing and Health. Geneva: World Health
Organization; 2015.

Pocock SJ, Ariti CA, McMurray JJ, Maggioni A, Keber L, Squire IB, et al. Predicting survival in heart
failure: a risk score based on 39 372 patients from 30 studies. Eur Heart J. 2013;34(19):1404-13.
Fonarow GC, Adams KF Jr, Abraham WT, Yancy CW, Boscardin WJ; ADHERE Scientific Advisory
Committee, Study Group, and Investigators. Risk stratification for in-hospital mortality in acutely
decompensated heart failure: classification and regression tree analysis. JAMA. 2005;293(5):572-80.
Chioncel O, Mebazea A, Harjola VP, Coats AJ, Piepoli MF, Crespo-Leiro MG, et al. Clinical phenotypes
and outcomes of patients hospitalized for acute heart failure: the ESC Heart Failure Long-Term Registry.
Eur J Heart Fail. 2017;19(10):1242-54.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM, et al. 2017 ACC/AHA/HFSA
focused update of the 2013 ACCF/AHA guideline for the management of heart failure. ] Am Coll Cardiol.
2017;70(6):776-803.

McMurray JJV, Solomon SD, Inzucchi SE, Keber L, Kosiborod MN, Martinez FA, et al. Dapagliflozin
in patients with heart failure and reduced ejection fraction. N Engl J Med. 2019;381(21):1995-2008.
Zannad F, Ferreira JP, Pocock SJ, Anker SD, Butler J, Filippatos G, et al. SGLT2 inhibitors in patients
with heart failure with reduced ejection fraction: a meta-analysis of the EMPEROR-Reduced and DAPA-
HF trials. Lancet. 2020;396(10254):819-829.

Greene SJ, Butler J, Fonarow GC. Contextualizing risk among patients with heart failure. JAMA.
2021;326(22):2261-2.

Damman K, Tang WHW, Felker GM, Lassus J, Zannad F, Krum H, et al. Current evidence on the
treatment of patients with chronic systolic heart failure and renal insufficiency: practical considerations
from published data. J] Am Coll Cardiol. 2014;63(9):853-71.

Shah KS, Xu H, Matsouaka RA, Bhatt DL, Heidenreich PA, Hernandez AF, et al. Heart failure with
preserved, borderline, and reduced ejection fraction: 5-year outcomes. J Am Coll Cardiol.
2017;70(20):2476-86.

Tanai E, Frantz S. Inflammatory markers in heart failure. Heart Fail Rev. 2021;26(2):201-10.

Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardiovascular and renal
outcomes of empagliflozin in heart failure. N Engl J Med. 2020;383(15):1413-24.

Gorter TM, van Veldhuisen DJ, Bauersachs J, Borlaug BA, Celutkiene J, Coats AJS, et al. Right heart
dysfunction and failure in heart failure with preserved ejection fraction: Mechanisms and management.
Position statement on behalf of the Heart Failure Association of the European Society of Cardiology. Eur
J Heart Fail. 2018;20(1):16-37.

Gheorghiade M, Abraham WT, Albert NM, Greenberg BH, O'Connor CM, She L, et al. Systolic blood
pressure at admission, clinical characteristics, and outcomes in patients hospitalized with acute heart
failure. JAMA. 2006;296(18):2217-26.

Kotecha D, Flather MD, Altman DG, Holmes J, Rosano G, Wikstrand J, et al. Heart rate and rhythm and
the benefit of beta-blockers in patients with heart failure. ] Am Coll Cardiol. 2017;69(24):2885-96.

378



Journal of Society Medicine. 2025; 4 (12): 370-379

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Damman K, Valente MA, Voors AA, O'Connor CM, van Veldhuisen DJ, Hillege HL. Renal impairment,
worsening renal function, and outcomes in patients with heart failure: an updated meta-analysis. Eur Heart
J.2014;35(7):455-69.

Peterson PN, Magid DJ, Lyons EE, Clarke CL, Zeng C, Albert NM, et al. Association of Get With The
Guidelines-Heart Failure Program with improved outcomes. Circ Heart Fail. 2010;3(6):682-9.

Greene SJ, Fonarow GC, Vaduganathan M, Khan SS, Butler J, Gheorghiade M. The vulnerable phase
after hospitalization for heart failure. Nat Rev Cardiol. 2015;12(4):220-9.

Schrage B, Uijl A, Benson L, Westermann D, Stolfo D, Dahlstrom U, et al. Temporal trends in cardiogenic
shock complicated by acute myocardial infarction. Eur Heart J. 2022;43(5):453-64.

Stehlik J, Edwards LB, Rowe A, Stevenson LW, Mehra MR, Lindenfeld J, et al. Sudden cardiac death in
heart failure: contemporary risk predictors and prevention. Eur Heart J. 2020;41(2):199-208.

Kotecha D, Bunting KV, Gill SK, Mehta S, Stanbury M, Jones JC, et al. Effect of digoxin vs bisoprolol
on heart rate control in atrial fibrillation on patient-reported quality of life: the RATE-AF randomized
clinical trial. JAMA. 2020;324(24):2498-508.

Cowie MR, Lopatin YM, Saldarriaga C, Fonseca C, Sim D, Magaiia JA, et al. The Optimize Heart Failure
Care Program: Initial lessons from global implementation. Int J Cardiol. 2017;239:1-6.

Rohde LE, Bertoldi EG, Goldraich L, Polanczyk CA. Cost-effectiveness of heart failure therapy Nat Rev
Cardiol. 2013;10(6):338-54.

Chioncel O, Mebazaa A, Harjola VP, Coats AJ, Piepoli MF, Crespo-Leiro MG, et al. Clinical phenotypes
and outcomes of patients hospitalized for acute heart failure: the ESC Heart Failure Long-Term Registry.
Eur J Heart Fail. 2017;19(10):1242-54.

Tan LB, Williams SG, Tan DK, Cohen-Solal A, et al. Admission systolic blood pressure and prognosis
in acute decompensated heart failure. Eur J Heart Fail. 2020;22(12):2298-308.

Zhang Y, Zhang J, Butler J, Yang X, Xie P, Guo D, et al. Contemporary epidemiology, management, and
outcomes of patients hospitalized for heart failure in China: results from the China heart failure (China-
HF) registry. J Card Fail. 2017;23(12):868-75.

Mullens W, Damman K, Harjola VP, Mebazaa A, Brunner-La Rocca HP, Martens P, et al. The use of
diuretics in heart failure with congestion: A position statement from the Heart Failure Association of the
European Society of Cardiology. Eur J Heart Fail. 2019;21(2):137-55.

379



