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Abstract 

Background. Few prior studies have investigated differences in precipitants leading to 

hospitalisations for acute heart failure (AHF) in a cohort with global representation.  

Methods. We analysed the prevalence of precipitants and their association with outcomes in 

18,553 patients hospitalised for AHF in REPORT-HF (prospective international REgistry to 

assess medical Practice with lOngitudinal obseRvation for Treatment of Heart Failure) 

according to left ventricular ejection fraction (LVEF) subtype (reduced [HFrEF] and preserved 

ejection fraction [HFpEF]) and presentation (new-onset vs. decompensated chronic HF 

[DCHF]). Patients were enrolled from 358 centres in 44 countries stratified according to Latin 

America, North America, western Europe, Eastern Europe, Eastern Mediterranean and Africa, 

Southeast Asia, and Western Pacific. Precipitants were pre-defined as mutually exclusive 

categories and selected according to the local investigators discretion. Outcomes included in-

hospital and 1-year mortality. 

Results. The median age was 67 (IQR 57-77) years, and 39% were women. Acute coronary 

syndrome (ACS) was the most common precipitant in patients with new-onset HF in all regions 

except for North America and Western Europe, where uncontrolled hypertension and 

arrhythmia were the most common precipitants, independent of HF subtype and other 

confounders. In patients with DCHF, non-adherence to diet/medication was the most common 

precipitant regardless of region. Uncontrolled hypertension was a more likely precipitant in 

HFpEF, non-adherence to diet/medication, and ACS were more likely precipitants in HFrEF. 

Patients admitted due to worsening renal function had the worst in-hospital (4%) and 1-year 

post-discharge (30%) mortality rates, regardless of region, HF subtype and admission type 

(Pinteraction >0.05 for all). 



 
 

Conclusion: Data on global differences in precipitants for AHF highlight potential regional 

differences in targets for preventing hospitalisation for AHF and identifying those at highest 

risk for early mortality.  

 

Key words: Precipitants, heart failure, HF admission, HF-subtype, global differences 

 

  



 
 

List of abbreviations 

ACEi:  Angiotensin-Converting Enzyme-Inhibitors 

ACS/MI: Acute Coronary Syndrome / Myocardial Infarction 

AHF:   Acute Heart Failure 

ARB:  Angiotensin Receptor Blockers 

DCHF: Decompensated Chronic Heart Failure 

eGFR:  estimated Glomerular Filtration Rate 

HF:  Heart Failure 

HFmrEF: Heart Failure with mid-range Ejection Fraction 

HFpEF: Heart Failure with preserved Ejection Fraction 

HFrEF: Heart Failure with reduced Ejection Fraction 

LVEF:  Left Ventricular Ejection Fraction 

MRA:  Mineralocorticoid Receptor Antagonist 

NYHA:  New York Heart Association 

WRF:   Worsening Renal Function  



 
 

Introduction 

Hospitalisation for acute heart failure (AHF) is associated with significant morbidity and 

mortality.1 Numerous clinical factors can precipitate hospitalisation for AHF, including acute 

coronary syndromes/myocardial infarction (ACS/MI), infection, uncontrolled hypertension, 

arrhythmias, worsening renal function (WRF) and non-adherence to medication or diet.2,3,12–

14,4–11 Knowledge of the frequency of precipitating factors is essential, as this can inform targets 

for prevention before hospital admission and treatment during hospitalisation. Further, 

understanding the association between precipitants and mortality may identify a subset of 

patients who may require intensive management strategies during their inpatient stay.  

Several studies have investigated the frequency of factors precipitating AHF 

hospitalisation, yet these were almost exclusively from (Western) Europe and North 

America.2,3,5–8,10,11,13,14 Importantly, geographical differences in precipitants according to HF 

presentation (decompensated chronic HF vs new-onset HF) and left ventricular ejection fraction 

type (HFrEF vs. HFmrEF and HFpEF) in patients hospitalised for AHF are poorly described.  

REPORT-HF (Prospective international Registry to assess medical practice with 

longitudinal observation for treatment of Heart Failure) is the largest prospective global AHF 

registry with inclusion from 44 countries across seven world regions. REPORT-HF is thus 

uniquely positioned to investigate 1) geographic differences in precipitants leading up to 

hospitalisation for AHF and 2) the association with HF outcomes. Therefore, this study aims to 

investigate geographic differences in precipitants of AHF and their association with in-hospital 

and 1-year all-cause mortality according to left ventricular ejection fraction (LVEF) subtype 

and HF presentation. 

 

Methods 

Study design and population 



 
 

The study population is derived from REPORT-HF. The rationale and design of the REPORT-

HF registry have been previously described.15–17 In short, REPORT-HF was a large, well-

characterised global cohort of patients hospitalised for AHF, defined as either new-onset (first 

diagnosis) HF or decompensated chronic HF (DCHF), as assessed by the clinician/investigator. 

Patients were excluded if they participated in another clinical trial related to any investigational 

treatments or did not provide informed consent. Three hundred fifty-eight hospitals from 44 

countries in seven world regions participated in the REPORT-HF registry. Enrolment was 

completed between the 23rd of July 2014 and the 24th of March 2017.  

This study was performed in accordance with the Declaration of Helsinki.18 At each 

participating site, the protocol was approved by either the institutional review board, the ethics 

committee, or both. Written informed consent was obtained from all patients or a legal 

representative if permitted.  

 

Definitions and study outcomes 

For the current study, the CRF asked the investigators to choose from 12 different answers on 

precipitating factors: ACS/MI, arrhythmias, uncontrolled hypertension, non-adhering to diet, 

non-adhering to prescribed medications, prescription of medications likely to worsen HF, 

pneumonia/respiratory tract infection, pulmonary embolism, WRF, other, none, and unknown. 

Patients listed as non-adhering to diet (n=621), or medication (n=999) were combined into one 

non-adherence group. Data on precipitants was missing in 750 (4%). We included these patients 

together with 2,918 patients, which had precipitant selected as “unknown” in the CRF. The 

precipitant question in REPORT-HF consisted of predefined precipitant categories, which were 

selected according to the physician investigator’s clinical judgement. These categories, while 

predefined and mutually exclusive, did not include specific quantitative measurements e.g. 



 
 

there were no specific creatinine/ GFR measurements to qualify for ‘worsening renal function’, 

nor specific blood pressure measurements to qualify for ‘uncontrolled blood pressure’. 

 Patients with an LVEF of less than 40% were classified as HF with reduced ejection 

fraction (HFrEF). An LVEF of 40-49% was defined as HF with mildly reduced ejection fraction 

(HFmrEF), whereas an ejection fraction of at least 50% was defined as HF with preserved 

ejection fraction (HFpEF). Based on a modified version of the World Health Organization 

classification, participating countries were stratified into 7 regions: (1) Western Europe (n = 

3594), (2) Eastern Europe (n = 2802), (3) Western Pacific (n = 3354), (4) Southeast Asia (n = 

2329), (5) North America (n = 1592), (6) Central and South America (n = 2641), and (7) Eastern 

Mediterranean Region and Africa (n = 2241).  

Follow-up information was collected at 6 and 12 months after hospital discharge via 

regular follow-up visits or telephone interviews. Local investigators were asked to ascertain the 

cause of death and indicate if it either was due to a cardiovascular, non-cardiovascular, or 

unknown cause. The outcomes of interest were in-hospital and one-year post-discharge 

mortality. 

 

Statistical analysis 

Comparisons of demographic and clinical parameters among HF precipitants or regions using 

χ² tests for categorical variables and analysis of variance for continuous variables. Categorical 

variables were described as numbers and percentages, and continuous variables were expressed 

as means ± standard deviation or median [25th and 75th percentiles] depending on their 

distribution. Cox proportional-hazards models were used to calculate unadjusted hazard ratios. 

The precipitating factor with the lowest hazard ratio for the chosen outcome (risk nadir) was 

used as a reference. Multivariable models were selected based on expert knowledge. The model 

for 1-year post-discharge mortality included age, sex, hypertension, atrial fibrillation, chronic 



 
 

obstructive pulmonary disease/asthma, chronic kidney disease, coronary artery disease, 

coronary artery bypass grafting (CABG), percutaneous coronary intervention (PCI), LVEF 

category (HFrEF, HFmrEF, HFpEF, missing), HF diagnosis (new-onset vs DCHF), ACEi/ARB 

at discharge, MRAs at discharge, beta-blockers at discharge, diuretics at discharge and 

geographic region. The model for in-hospital mortality included age, sex, hypertension, atrial 

fibrillation, chronic obstructive pulmonary disease/asthma, chronic kidney disease, coronary 

artery disease, CABG, PCI, LVEF category, HF diagnosis, systolic blood pressure at admission, 

heart rhythm at admission and geographic region. We tested for interaction between precipitant 

and LVEF subtype (HFrEF; HFmrEF; HFpEF) and presentation (new-onset HF vs DCHF). A 

two-sided p-value <0.05 was considered statistically significant. Stata SE16 (StataCorp. 

2017. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC) was used for 

statistical analyses. 

 

Results 

Baseline characteristics 

The population’s median age was 67 (IQR 57-77) years, and 39% were women. In total, 20% 

of patients had an unknown precipitant, and 23% had no precipitant. Among known 

precipitants, ACS was most frequently reported (13%), followed by pneumonia and respiratory 

tract infection (10%) and uncontrolled hypertension (6%). Medication likely to worsen HF 

(<1%) and pulmonary embolism (<1%) were least frequently reported as the primary 

precipitant. 

Table 1 shows the baseline characteristics according to the most likely precipitant. 

Patients with arrhythmia as precipitating factor were the oldest, and those with non-adherence 

to diet or medications were the youngest. Patients with pulmonary embolism as precipitant were 

more likely in New York Heart Association class III/IV at discharge than patients with other 



 
 

precipitants. Dyspnea at rest was most common in patients with pulmonary embolism. 

Orthopnea occurred most frequently in patients with a precipitant factor of non-adherence to 

diet/medication, peripheral oedema was most common in patients with WRF, and rales were 

most common in patients with pneumonia/infection.  

 

New-onset HF vs decompensated chronic HF 

In total, 7,902 (43%) patients were admitted with new-onset HF, and 10,651(57%) patients had 

DCHF. Figure 1A shows that patients with new-onset HF most frequently presented with 

ACS/MI (18%), arrhythmias (11%), and uncontrolled hypertension (8%). Patients with DCHF 

were mostly admitted due to non-adherence to diet/medication (12%) or pneumonia/respiratory 

tract infection (10%). Multivariable analyses adjusting for age, sex, hypertension, atrial 

fibrillation, chronic obstructive pulmonary disease/asthma, chronic kidney disease, coronary 

artery disease, region and LVEF subtype in Supplementary Table 1, show that patients 

admitted with ACS/MI, arrhythmia, uncontrolled hypertension, pneumonia/infection, or 

pulmonary embolism had a significantly higher odds ratio for having new-onset HF (P for all 

<0.05). Patients admitted for non-adherence to diet/medication or medication that can cause or 

worsen HF had a significantly higher odds ratio for having DCHF (P for all <0.05).  

 Supplementary Table 2 shows the number and percentages of precipitants stratified by 

region and presentation (new-onset HF vs DCHF). Having ACS/MI as a precipitant was most 

common in patients with new-onset HF from the Western Pacific (21%) region, Eastern 

Mediterranean or African region (22%) and Southeast Asia (27%). Arrhythmia as precipitant 

was most common in patients with new-onset HF from Eastern (16%) and Western (18%) 

Europe. Non-adherence to diet or pharmacotherapy was a more common reason for admission 

in patients with DCHF from Southeast Asia (14%), the Eastern Mediterranean or African region 

(18%), and North America (23%). Pneumonia or respiratory tract infection was a common 



 
 

precipitant in patients from the Eastern Mediterranean or African region with DHCF (16%) and 

new-onset HF (13%) and in patients from the Western Pacific with DCHF (20%) and new-

onset HF (16%).  

 

Precipitants according to left ventricular ejection fraction subtype 

In total, 8,904 (48%) patients were admitted with HFrEF, 2,871 (16%) patients with HFmrEF 

and 5,168 (28%) patients with HFpEF. Figure 1B suggests uncontrolled hypertension was a 

more likely precipitant in HFpEF than HFrEF (10% vs 4%, respectively). In multivariable 

analyses (Supplementary Table 1), patients with HFpEF more commonly had arrhythmia, 

uncontrolled hypertension, pneumonia or infection and pulmonary embolism as likely 

precipitants than patients with HFrEF.  

 Supplementary Table 3 shows differences in precipitants stratified according to 

geographic region and LVEF subtype. ACS/MI was most common in patients with HFmrEF 

(22%) from the Eastern Mediterranean or African region and patients with HFrEF (24%) or 

HFmrEF (42%) from Southeast Asia. Arrhythmia as precipitating factor was most common in 

patients with HFpEF from Western Europe (18%). Non-adherence to diet or medication as 

precipitant was most common in patients with HFrEF from North America (22%). Pneumonia 

and infection were more prevalent in the Western Pacific and Eastern Mediterranean or African 

region, regardless of LVEF subtype.  

 

In-hospital and post-discharge mortality 

In total, 451 patients (2.4%) died in-hospital. Among 18,102 patients discharged alive, 470 

were lost-to-follow-up, and 3,461 (20%) died. Figure 2 depicts the in-hospital mortality and 

post-discharge mortality according to precipitant. The cumulative mortality at 1-year was 

lowest in patients with uncontrolled hypertension as precipitant and highest in patients with 



 
 

WRF as precipitant. Table 2 suggests the in-hospital mortality was lowest in patients 

hospitalised with uncontrolled hypertension (1.0%). Patients hospitalised for WRF had the 

highest in-hospital mortality (4.7%). Patients hospitalised with pneumonia/infection had an in-

hospital mortality rate of 3.7%. These differences remained significant after correcting for 

confounders. We did not find a significant interaction between precipitant and geographic 

region for in-hospital and 1-year post-discharge mortality (Pinteraction >0.05), suggesting that the 

association of precipitants with mortality was similar across geographic regions.  

 The 1-year post-discharge mortality incidence in Table 2 ranged from 14.2 (95%CI 

12.0-16.7) per 100 patient-years for patients admitted with uncontrolled hypertension to 37.5 

(95% 31.4-44.9) per 100 patient-years for patients admitted due to WRF. After correction for 

confounders, relative differences remained highly significant: compared with patients 

hospitalised with uncontrolled hypertension, patients hospitalised with ACS/MI, non-adherence 

to diet/medication and WRF had worse 1-year mortality. 

 

Discussion 

In this detailed global analysis on the frequency of precipitants for AHF and their association 

with post-discharge mortality according to region, LVEF-subtype, and HF-admission type, we 

found 1) important regional variations in the frequency of precipitants according to LVEF 

subtype and HF presentation, a significant proportion of which could be mitigated with 

outpatient surveillance and treatment; and 2) the type of precipitant was significantly associated 

with in-hospital and post-discharge mortality. Together, our results identify regional specific 

treatment targets to prevent HF admission and premature death potentially.  

 Previous reports on the frequency and association with mortality precipitants for 

patients hospitalised for AHF were predominantly from North America2,3,6–8,12,13,19, and 

Western Europe4,5,9–12,14. Despite being home to most of the world’s population, limited studies 



 
 

investigated precipitants to AHF according to LVEF subtype and HF presentation in Asia or 

the Eastern Mediterranean and African region. Our data suggest ACS/MI is the most common 

precipitant for AHF regardless of geographic region. Close to a quarter of new-onset HF 

patients from Southeast Asia and the Eastern Mediterranean and African region were admitted 

with ACS/MI, compared to only 7% in Western Europe or 6% in North America. Differences 

in risk factors and access to care might explain this finding. Risk factors like smoking and 

hypertension are increasing in prevalence in southeast Asia and Northern Africa20,21. The PURE 

registry showed that revascularisation and treatment for coronary artery disease were less 

common in lower-income regions, especially in Southeast Asia, possibly precipitating new-

onset HF due to untreated and unrecognised ACS/MI22. Together, this suggests that 

prevantative measures targeting artherosclerosis like smoking cessation or statins could also 

prevent hospitalizations for AHF in these regions. Our data suggest cardiac arrhythmia is a 

common precipitant for patients being admitted for new-onset HF, especially in regions like 

Western Europe with a high prevalence of atrial fibrillation17 and elderly patients. This suggests 

that interventions targeting arrhythmias, like remote monitoring with hand held devices or smart 

watches might be beneficial. Uncontrolled hypertension was common in patients with new-

onset HF from North America. The large proportion of African Americans (~50%) enrolled in 

North America in REPORT-HF, in whom hypertension is a particularly important issue23, likely 

explains this observation. Therefore, more aggressive treatment of hypertension in these 

patients might prevent or delay acute hospitalization for HF. Close to a quarter of patients in 

North America with DCHF and 18% of patients in the Eastern Mediterranean or African region 

were admitted due to non-adherence to diet or medication, highlighting significant areas for 

improving HF self-care care and education. Our previous study highlighted that non-adherence 

to diet/medication was a substantial issue in African-Americans23. Pneumonia/respiratory tract 

infection was a common precipitant in the Eastern Mediterranean or North African region and 



 
 

the Western Pacific. This observation might be explained by regional differences in strategies 

regarding preventive medicine, including flu vaccination.24 

To our knowledge, this is the first global report on differences in precipitants according 

to LVEF subtype. A previous study from the GWTG-HF database found pneumonia was 

relatively common among patients with HFpEF and was associated with a longer in-hospital 

stay.8 Consistent with findings from the GWTG-HF19 study, patients with HFrEF frequently 

were admitted due to non-adherence. Similar to results from the CHARM program, 

uncontrolled hypertension was a more critical precipitant in patients with HFpEF than HFrEF12.  

 Differences in precipitants were associated with in-hospital and post-discharge 

mortality. The cumulative (in-hospital and post-discharge) mortality ranged from 13% in 

patients with uncontrolled hypertension to 30% in patients with WRF. These results confirm 

findings from previous studies in North America and Western Europe2,8,9,14,25. In OPTIMIZE-

HF, uncontrolled hypertension was associated with the lowest mortality and patients with 

ACS/MI or WRF had the worst mortality2. In BIOSTAT-CHF, WRF was most strongly 

associated with a composite of all-cause death or hospitalisation for HF14. We extend these 

previous results to all global regions included in REPORT-HF: we did not find a significant 

interaction between precipitants and region, precipitants and LVEF subtype, or precipitants and 

HF presentation, for in-hospital or one-year mortality. Our results suggest a unifying global 

message to identify precipitants amenable to outpatient interventions. A considerable 

proportion of precipitants in REPORT-HF could be addressed with preventative strategies, 

including ACS/MI, non-adherence to diet/medication and pneumonia/respiratory tract 

infection. In many lower-income regions in REPORT-HF, like Southeast Asia, the Western 

Pacific and the Eastern Mediterranean or Africa, these possibly amenable precipitants 

constituted a significant proportion of cases, highlighting the unmet need for improved 

treatment and prevention of hospitalisation for AHF.  



 
 

 

Study limitations 

Our findings describe important global patterns concerning precipitants and their association 

with in-hospital and post-discharge mortality. However, they should be interpreted considering 

the following limitations. There is a possible selection bias of the participating sites. 

Furthermore, patients had to provide informed consent. Sicker patients might not have been 

included in this registry, which might explain the low in-hospital mortality rates. Patients could 

be hospitalised due to more than one precipitant. The local investigator determined the main 

precipitant. Lastly, a significant proportion of precipitants were either classified as ‘unknown’ 

or ‘none’. This might reflect differences in local documentation or could be a consequence of 

the study protocol only allowing one precipitant.  

 

Conclusion 

Precipitants for AHF hospitalisations vary by region and according to HF presentation (DCHF 

versus new-onset HF) and LVEF subtype. ACS, pneumonia or respiratory tract infection and 

uncontrolled hypertension were common precipitants in patients with new-onset HF globally, 

especially in Southeast Asia and the Eastern Mediterranean or Africa. In HFpEF, uncontrolled 

hypertension was more common than in HFrEF. Precipitants significantly predicted in-hospital 

and post-discharge mortality globally, irrespective of HF presentation or LVEF subtype. 

Knowledge of modifiable risk factors precipitating hospitalisation for AHF highlights possible 

region-specific targets for preventing AHF hospital admission and prevention of early 

mortality.  
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Table 1. Baseline characteristics according to most likely precipitant 

  ACS/MI Pneumonia
/infection 

Arrhyth
mia 

Non-
adherence 
diet/meds 

Other Uncontrolled 
hypertension 

Worsening 
renal function 

Medicati
on WHF 

Pulmonary 
embolism None Unknow

n 

N (%) 2346 
(13%)  

1800 
(10%) 

1776 
(10%) 1620 (9%) 1283 

(7%) 1112 (6%) 423 (2%) 112 
(<1%) 93 (<1%) 4320 

(23%) 
3668 
(20%) 

Median age (IQR) - yr  66 (58, 
75) 69 (58, 79) 71 (61, 

79) 63 (54, 72) 66 (54, 
76) 66 (57, 76) 67 (58, 75) 68 (56, 

77) 67 (52, 77) 67 (57, 
77) 

68 (58, 
77) 

Race - no. (%)                       

 Caucasian 902 
(38%) 793 (44%) 1172 

(66%) 799 (49%) 618 
(48%) 579 (52%) 163 (39%) 60 (54%) 48 (52%) 2528 

(59%) 
1994 
(54%) 

 Black 38 (2%) 48 (3%) 37 (2%) 189 (12%) 57 (4%) 113 (10%) 34 (8%) 3 (3%) 1 (1%) 100 
(2%) 

247 
(7%) 

 Asian 1184 
(50%) 730 (41%) 360 

(20%) 370 (23%) 431 
(34%) 256 (23%) 166 (39%) 37 (33%) 36 (39%) 1338 

(31%) 
830 
(23%) 

 Native American 35 (1%) 27 (2%) 40 (2%) 44 (3%) 30 (2%) 36 (3%) 21 (5%) 1 (1%) 0 (0%) 60 (1%) 81 (2%) 
 Pacific Islander 2 (<1%) 0 (0%) 2 (<1%) 1 (<1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (<1%) 0 (0%) 

 Other 185 
(8%) 202 (11%) 165 

(9%) 217 (13%) 147 
(11%) 128 (12%) 39 (9%) 11 (10%) 8 (9%) 292 

(7%) 
516 
(14%) 

DCHF - no. (%) 1403 
(60%) 715 (40%) 845 

(48%) 357 (22%) 490 
(38%) 625 (56%) 153 (36%) 30 (27%) 51 (55%) 1874 

(43%) 
1359 
(37%) 

NYHA class at discharge - 
no. (%)                       

 I 414 
(18%) 180 (10%) 203 

(12%) 180 (11%) 136 
(11%) 212 (19%) 30 (7%) 18 (16%) 7 (8%) 304 

(7%) 
338 
(9%) 

 II 826 
(36%) 725 (42%) 583 

(33%) 636 (40%) 382 
(31%) 379 (34%) 128 (32%) 36 (33%) 27 (30%) 1173 

(28%) 
860 
(24%) 

 III 312 
(14%) 314 (18%) 270 

(15%) 284 (18%) 201 
(16%) 158 (14%) 65 (16%) 21 (19%) 22 (24%) 877 

(21%) 
462 
(13%) 

 IV 103 
(4%) 47 (3%) 41 (2%) 41 (3%) 37 (3%) 30 (3%) 17 (4%) 4 (4%) 6 (7%) 172 

(4%) 
127 
(4%) 

 Missing/Unknown 637 
(28%) 467 (27%) 651 

(37%) 446 (28%) 487 
(39%) 322 (29%) 163 (40%) 31 (28%) 28 (31%) 1693 

(40%) 
1789 
(50%) 

LVEF Subtype - no. (%)                       

 <40 1095 
(47%) 800 (44%) 737 

(41%) 941 (58%) 661 
(52%) 316 (28%) 212 (50%) 61 (54%) 37 (40%) 2183 

(51%) 
1861 
(51%) 

 ≥40 and <50 537 
(23%) 273 (15%) 287 

(16%) 204 (13%) 166 
(13%) 175 (16%) 62 (15%) 17 (15%) 15 (16%) 635 

(15%) 
500 
(14%) 



 
 

 ≥50 526 
(22%) 579 (32%) 644 

(36%) 365 (23%) 370 
(29%) 509 (46%) 115 (27%) 27 (24%) 38 (41%) 1130 

(26%) 
865 
(24%) 

 Unknown 188 
(8%) 148 (8%) 108 

(6%) 110 (7%) 86 (7%) 112 (10%) 34 (8%) 7 (6%) 3 (3%) 372 
(9%) 

442 
(12%) 

Median heart rate (IQR) - 
bpm 

88 (75, 
100) 

88 (76, 
102) 

100 
(78, 
125) 

87 (75, 100) 84 (71, 
100) 87 (74, 101) 81 (71, 98) 82 (72, 

95) 
90 (80, 
108) 

83 (71, 
99) 

85 (72, 
100) 

Median systolic blood 
pressure (IQR) - mm Hg 

130 
(116, 
150) 

130 (111, 
146) 

130 
(112, 
145) 

130 (110, 
148) 

123 
(110, 
140) 

168 (144, 190) 132 (113, 
160) 

130 
(110, 
140) 

120 (110, 
140) 

130 
(110, 
146) 

128 
(110, 
147) 

Median diastolic blood 
pressure (IQR) - mm Hg 

80 (70, 
90) 77 (67, 88) 80 (70, 

90) 80 (69, 90) 72 (64, 
83) 92 (80, 106) 78 (65, 90) 77 (65, 

85) 76 (70, 90) 78 (69, 
89) 

76 (65, 
87) 

Signs and symptoms - no. 
(%)                       

 Dyspnea at rest 1789 
(83%) 

1464 
(86%) 

1287 
(80%) 1264 (87%) 902 

(82%) 866 (87%) 327 (86%) 80 (80%) 77 (93%) 3149 
(80%) 

2404 
(83%) 

 Orthopnea 1433 
(73%) 

1282 
(85%) 

1132 
(77%) 1171 (86%) 744 

(75%) 740 (81%) 274 (80%) 74 (80%) 58 (73%) 2728 
(76%) 

1998 
(77%) 

 Peripheral edema 1114 
(52%) 

1170 
(70%) 

1170 
(70%) 1207 (78%) 804 

(69%) 695 (68%) 309 (78%) 81 (74%) 60 (71%) 2632 
(70%) 

2163 
(71%) 

 Pulmonary rales 1333 
(68%) 

1312 
(82%) 

1072 
(70%) 1008 (70%) 661 

(63%) 700 (71%) 249 (71%) 70 (72%) 45 (59%) 2140 
(62%) 

1693 
(63%) 

Medical history - no. (%)                       

 Hypertension 1495 
(64%) 

1126 
(63%) 

1167 
(66%) 1061 (65%) 714 

(56%) 1016 (91%) 300 (71%) 68 (61%) 55 (59%) 2572 
(60%) 

2234 
(61%) 

 Atrial fibrillation/flutter 304 
(13%) 584 (32%) 1185 

(67%) 492 (30%) 361 
(28%) 201 (18%) 108 (26%) 43 (38%) 22 (24%) 1345 

(31%) 
1121 
(31%) 

 COPD/Asthma 237 
(10%) 426 (24%) 223 

(13%) 258 (16%) 184 
(14%) 169 (15%) 58 (14%) 12 (11%) 16 (17%) 560 

(13%) 
512 
(14%) 

 Anemia 1141 
(49%) 879 (49%) 702 

(40%) 831 (51%) 737 
(57%) 515 (46%) 336 (79%) 66 (59%) 39 (42%) 1922 

(45%) 
1561 
(43%) 

 Valvular heart disease 148 
(6%) 372 (21%) 502 

(28%) 355 (22%) 411 
(32%) 145 (13%) 83 (20%) 32 (29%) 11 (12%) 983 

(23%) 
637 
(17%) 

 Coronary artery disease 2346 
(100%) 790 (44%) 599 

(34%) 721 (45%) 486 
(38%) 387 (35%) 202 (48%) 46 (41%) 26 (28%) 1822 

(42%) 
1504 
(41%) 

 Diabetes 1103 
(47%) 700 (39%) 484 

(27%) 639 (39%) 441 
(34%) 477 (43%) 250 (59%) 49 (44%) 25 (27%) 1537 

(36%) 
1362 
(37%) 

 CKD 362 
(15%) 351 (20%) 300 

(17%) 325 (20%) 267 
(21%) 245 (22%) 276 (65%) 22 (20%) 18 (19%) 845 

(20%) 
755 
(21%) 



 
 

Medication at discharge - 
no. (%)                       

 ACEi/ARB/ARNi 1504 
(66%) 

1090 
(64%) 

1191 
(68%) 1079 (68%) 768 

(62%) 851 (78%) 161 (40%) 75 (68%) 58 (64%) 2824 
(67%) 

2295 
(64%) 

 MRA 956 
(42%) 884 (52%) 848 

(49%) 833 (53%) 636 
(52%) 374 (34%) 93 (23%) 49 (45%) 50 (56%) 2382 

(57%) 
1747 
(49%) 

 Beta-blockers 1573 
(69%) 

1131 
(66%) 

1343 
(77%) 1202 (76%) 866 

(70%) 791 (72%) 252 (63%) 75 (68%) 60 (67%) 3119 
(74%) 

2631 
(74%) 

 Diuretics 1600 
(70%) 

1440 
(84%) 

1453 
(83%) 1432 (90%) 1064 

(86%) 869 (79%) 327 (82%) 99 (90%) 69 (77%) 3739 
(89%) 

3061 
(86%) 

 
 
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin type II receptor blocker; ARNi, angiotensin receptor neprilysin inhibitor; bpm, beats per 
minute; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DCHF, decompensated chronic heart failure; MRA, mineralocorticoid receptor 
antagonist; NYHA, New York Heart Association; IQR, interquartile range; LVEF, left ventricular ejection fraction. 
  



 
 

Table 2: Association with in-hospital and 1-year mortality 

In-hospital mortality 
    Univariable Multivariable 
  N (%) OR (95%CI) p-value OR (95%CI) p-value 
Uncontrolled hypertension 11 (1.0%) Ref Ref 
ACS/MI 54 (2.3%) 2.36 (1.23-4.53) 0.010 1.61 (0.82-3.15) 0.165 
Arrhythmia 28 (1.6%) 1.60 (0.80-3.23) 0.187 0.92 (0.44-1.91) 0.828 
Non-adherence Med/diet 33 (2.0%) 2.08 (1.05-4.14) 0.036 1.23 (0.61-2.49) 0.565 
Medication worsening HF 2 (1.8%) 1.82 (0.40-8.32) 0.440 1.07 (0.23-4.95) 0.933 
Pneumonia/infection 67 (3.7%) 3.87 (2.04-7.35) <0.001 2.32 (1.20-4.50) 0.013 
Pulmonary embolism 3 (3.2%) 3.34 (0.91-12.18) 0.068 2.29 (0.62-8.50) 0.217 
WRF 20 (4.7%) 5.00 (2.36-10.46) <0.001 2.50 (1.16-5.41) 0.019 
Other  40 (3.1%) 3.22 (1.64-6.31) 0.001 1.62 (0.81-3.23) 0.175 
None 101 (2.3%) 2.40 (1.28-4.48) 0.006 1.43 (0.75-2.73) 0.280 
Unknown  92 (2.5%) 2.56 (1.37-4.83) 0.003 1.31 (0.68-2.51)0.417 

1-year post-discharge mortality 
    Univariable Multivariable 
  Deaths per 100 py (95%) HR (95%CI) p-value HR (95%CI) p-value 
Uncontrolled hypertension 14.2 (12.0 to 16.7) Ref Ref 
ACS/MI 21.3 (19.4 to 23.5) 1.49 (1.24-1.81) <0.001 1.30 (1.07-1.58) 0.009 
Arrhythmia 19.2 (17.1 to 21.5) 1.35 (1.10-1.65) 0.004 1.12 (0.91-1.39) 0.268 
Non-adherence Med/diet 24.6 (22.0 to 27.4) 1.72 (1.41-2.09) <0.001 1.30 (1.07-1.60) 0.010 
Medication worsening HF 28.8 (19.6 to 42.2) 2.01 (1.32-3.05) 0.001 1.52 (0.99-2.32) 0.050 
Pneumonia/infection 22.9 (20.5 to 25.4) 1.60 (1.32-1.95) <0.001 1.21 (0.98-1.48) 0.072 
Pulmonary embolism 19.2 (11.6 to 31.8) 1.35 (0.79-2.30) 0.272 1.29 (0.76-2.21) 0.344 
WRF 37.5 (31.4 to 44.9) 2.60 (2.04-3.33) <0.001 1.62 (1.26-2.09) <0.001 
Other  25.0 (22.2 to 28.3) 1.75 (1.43-2.15) <0.001 1.34 (1.09-1.66) 0.006 
None 20.5 (19.1 to 22.0) 1.44 (1.20-1.72) <0.001 1.20 (0.99-1.44) 0.058 
Unknown  25.4 (23.7 to 27.3) 1.77 (1.48-2.13) <0.001 1.31 (1.09-1.58) 0.004 

 



 
 

Abbreviations: ACS/MI, acute coronary syndrome/myocardial infarction; HF, Heart failure; WRF, Worsening Renal Function; OR, odds ratio; CI, confidence interval; py, 

patient years 

Multivariable model: age, sex, hypertension, atrial fibrillation, copd/asthma, chronic kidney disease, coronary artery disease, ACEi/ARB at discharge, MRAs at discharge, 

beta-blockers at discharge and diuretics at discharge. 



 
 

Figure Legends: 

Figure 1. Stacked bar charts depicting percentages of precipitant stratified by admission type (A) and HF-subgroup (B)  

Figure 2. Bar charts depicting prevalence of in-hospital and 1-year post-discharge mortality, stratified by precipitating factor 
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