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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 IOngitudinal 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.
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Introduction

Methods

Hospitalisation for acute heart failure (AHF) is associated with significant morbidity and
mortality.! 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.2:312-14.4-11 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.2:35-810.1113.14 |mportantly, 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.

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.1>-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.1® 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.
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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 XZ 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), ACEIi/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
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pulmonary disease/asthma, chronic kidney disease, coronary artery disease, CABG, PClI,
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.

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 111/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
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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 HFmrgF (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%Cl
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.
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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 America?3:6-8.12.13.19 ‘and Western
Europe*59-12.14 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 Africa?%-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
fibrillationl” 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 issue?3, 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-Americans?3. 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
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stay.8 Consistent with findings from the GWTG-HF? 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 Europe?8:9.14.25 |n 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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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
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A: Precipitant according to admission type
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Figure 1.
Stacked bar charts depicting percentages of precipitant stratified by admission type (A) and

HF-subgroup (B)
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Figure 2.
Bar charts depicting prevalence of in-hospital and 1-year post-discharge mortality, stratified

by precipitating factor
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