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Regional differences in precipitating factors of
hospitalization for acute heart failure: insights
from the REPORT-HF registry
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Aims Few prior studies have investigated differences in precipitants leading to hospitalizations 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 hospitalized for

and results AHF in REPORT-HF (prospective international REgistry to assess medical Practice with |Ongitudinal obseRvation for
Treatment of Heart Failure) according to left ventricular ejection fraction subtype (reduced [HFrEF] and preserved
ejection fraction [HFpEF]) and presentation (new-onset vs. decompensated chronic heart failure [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-with mutually exclusive categories and selected according to the local investigator’s discretion. Outcomes
included in-hospital and 1-year mortality. The median age was 67 (interquartile range 57—77) years, and 39%
were women. Acute coronary syndrome (ACS) was the most common precipitant in patients with new-onset
heart failure in all regions except for North America and Western Europe, where uncontrolled hypertension and
arrhythmia, respectively, were the most common precipitants, independent of 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 (5%) and 1-year post-discharge
(30%) mortality rates, regardless of region, heart failure subtype and admission type (p; ceraction >0-05 for all).

Conclusion Data on global differences in precipitants for AHF highlight potential regional differences in targets for preventing
hospitalization for AHF and identifying those at highest risk for early mortality.

*Corresponding authors. National University of Singapore, Saw Swee Hock School of Public Health, 12 Science Drive 2, #10-01, Singapore 117549. Email: jasper_tromp@nus.edu.sg
Carolyn SP Lam, National Heart Centre Singapore, 5 Hospital Dr, Singapore 169609, Singapore. Email: carolyn.lam@duke-nus.edu.sg
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Introduction

Hospitalization for acute heart failure (AHF) is associated with
significant morbidity and mortality.” Numerous clinical factors can
precipitate hospitalization for AHF, including acute coronary syn-
dromes (ACS)/myocardial infarction (Ml), infection, uncontrolled
hypertension, arrhythmias, worsening renal function (WRF)
and non-adherence to medication or diet.2"'* Knowledge of the
frequency of precipitating factors is essential, as this can inform tar-
gets for prevention before hospital admission and treatment during
hospitalization. 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 pre-
cipitating AHF hospitalization, yet these were almost exclusively
from (Western) Europe and North America.235-8101113.14 |mpor
tantly, geographic differences in precipitants according to heart
failure (HF) presentation (decompensated chronic HF [DCHF] vs.
new-onset HF) and left ventricular ejection fraction (LVEF) type
(HF with reduced [HFrEF] vs. mildly reduced [HFmrEF] and pre-
served ejection fraction [HFpEF]) in patients hospitalized for AHF
are poorly described.

REPORT-HF (Prospective international Registry to assess medi-
cal Practice with |Ongitudinal obseRvation for Treatment of Heart
Failure) is the largest prospective global AHF registry with inclu-
sion from 44 countries across seven world regions. REPORT-HF is
thus uniquely positioned to investigate (i) geographic differences in
precipitants leading up to hospitalization for AHF, and (ii) the asso-
ciation 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 LVEF
subtype and HF presentation.

Methods

Study design and population

The study population is derived from REPORT-HFE The ratio-
nale and design of the REPORT-HF registry have been previously
described.’>="7 In short, REPORT-HF was a large, well-characterized
global cohort of patients hospitalized for AHF, with either new-onset
(first diagnosis) HF or DCHEF, 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. A total of 358 hospitals from 44 countries in seven world
regions participated in the REPORT-HF registry. Enrolment was
completed between 23 July 2014 and 24 March 2017.

This study was performed in accordance with the Declaration of
Helsinki.'® 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 case report form (CRF) asked the investi-
gators 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 med-
ications likely to worsen HF, pneumonia/respiratory tract infection,
pulmonary embolism, WREF, 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%) patients. We combined these patients together
with 2918 patients, which had precipitant selected as ‘unknown’ in the
CRE, as a single category. The pre-defined precipitant categories were
selected according to the physician investigator’s clinical judgement.

© 2022 European Society of Cardiology
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These categories, while pre-defined and mutually exclusive, did not
include specific quantitative measurements, e.g. there were no specific
creatinine/glomerular filtration rate measurements to qualify for
‘worsening renal function’, nor specific blood pressure measurements
to qualify for ‘uncontrolled blood pressure’.

Patients with an LVEF of <40% were classified as HFrEF, LVEF of
40%—49% as HFmrEF, and an LVEF of >50% as HFpEF. Based on a
modified version of the World Health Organization classification, par-
ticipating countries were stratified into seven regions: Western Europe,
Eastern Europe, Western Pacific, Southeast Asia, North America, Cen-
tral and South America, and Eastern Mediterranean Region and Africa.

Follow-up information was collected at 6 and 12months 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. Data on post-discharge mortality were supplemented
with locally available death records. The outcomes of interest were
in-hospital and 1-year post-discharge mortality.

Statistical analysis

Comeparisons of demographic and clinical parameters among HF
precipitants or regions were made using x? 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 pro-
portional 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), angiotensin-converting enzyme inhibitors/angiotensin recep-
tor blockers at discharge, mineralocorticoid receptor antagonists
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 dis-
ease/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 inter-
action 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; StataCorp LLC, College
Station, TX, USA) was used for statistical analyses.

Results

Baseline characteristics

The population median age was 67 (interquartile range 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 arrhythmia

© 2022 European Society of Cardiology

(10%). Medication likely to worsen HF (<1%) and pulmonary
embolism (<1%) were least frequently reported as 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 HI/IV at discharge than patients with other precipitants.
Dyspnoea at rest was most common in patients with pulmonary
embolism. Orthopnoea occurred most frequently in admitted with
non-adherence to diet/medication, peripheral oedema was most
common in patients with WREF, and rales were most common in
patients with pneumonia/infection.

New-onset heart failure versus
decompensated chronic heart failure

In total, 7902 (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 (online supplementary Table S7) 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 medi-
cation that can cause or worsen HF had a significantly higher odds
ratio for having DCHF (p for all <0.05).

Online supplementary Table S2 shows the number and per-
centages 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 West-
ern 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 pharma-
cotherapy 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, 8904 (48%) patients were admitted with HFrEF, 2871

(16%) patients with HFmrEF and 5168 (28%) patients with HFpEF.
Figure 1B suggests uncontrolled hypertension was a more likely
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A Precipitant according to admission type

Percentage (%)
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B Precipitant according to LVEF type
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ACSMI Unknown

Precipitant Arthythmia None Pulmonary embolism Worsening renal function

Medication WHF Other Uncontrolled hypertension

Figure 1 Stacked bar charts depicting percentages of precipi-
tant stratified by admission type (A) and heart failure subgroup (B).
ACS, acute coronary syndrome; DCHF, decompensated chronic
heart failure; HFmrEF, heart failure with mildly reduced ejec-
tion fraction; HFpEF, heart failure with preserved ejection frac-
tion; HFrEF, heart failure with reduced ejection fraction; LVEF,
left ventricular ejection fraction; Ml, myocardial infarction; WHF,
worsening heart failure.

precipitant in HFpEF than HFrEF (10% vs. 4%). In multivariable
analyses (online supplementary Table S7), patients with HFpEF
more commonly had arrhythmia, uncontrolled hypertension, pneu-
monia or infection and pulmonary embolism as likely precipitants
than patients with HFrEF.

Online supplementary Table $3 shows differences in precipitants
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 (43%) from Southeast Asia. Arrhythmia as precipitating

© 2022 European Society of Cardiology

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 West-
ern 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 3461 (20%) died.
Figure 2 depicts the in-hospital mortality and post-discharge mor-
tality according to precipitant. The cumulative mortality at 1 year
was lowest in patients admitted with uncontrolled hypertension
and highest in patients with WRF. Table 2 suggests the in-hospital
mortality was lowest in patients hospitalized with uncontrolled
hypertension (1%). Patients hospitalized for WRF had the high-
est in-hospital mortality (5%). Patients hospitalized with pneu-
monia/infection had an in-hospital mortality rate of 4%. These
differences remained statistically significant after correcting for
confounders. We did not find a statistically significant interaction
between precipitant and geographic region for in-hospital or 1-year
post-discharge mortality (b, ceraction >0-05 for both), 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% confidence interval [CI] 12.0-16.7) per 100
patient-years for patients admitted with uncontrolled hypertension
to 37.5 (95% ClI 31.4—-44.9) per 100 patient-years for patients
admitted due to WREF. After correction for confounders, relative
differences remained highly significant: compared with patients
hospitalized with uncontrolled hypertension, patients hospitalized
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 (i) impor-
tant 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 treat-
ment; and (ii) the type of precipitant was significantly associated
with in-hospital and post-discharge mortality (Graphical Abstract).
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 hospitalized for AHF were predominantly

from North America,236-81213 45,9-12,14

and Western Europe.
Despite being home to most of the world’s population, limited
studies investigated precipitants to AHF according to LVEF sub-
type and HF presentation in Asia or the Eastern Mediterranean
and African region. Our data suggest ACS/MI is the most com-
mon precipitant for AHF regardless of geographic region. Close

to a quarter of new-onset HF patients from Southeast Asia and



J. Tromp et al.

In-hospital and 1-year mortality rate by precipitating factor

301
g
@ 5
g2 303
T
g 201 218 245
© 2 :
& 17 182 1858 218
10 17
131
47
04 1 16 2 23 23 2 e 25 31 18
N @ @ N ¢ N 5 < N
& o (\5@ & (?& & \Q(\O e &° N\ &
é < S &
& & v S R S S &
N & s & & ta
s & 2 & Q, @
s < & < &
< & ~
Type 1-year after discharge  In-hospital

Figure 2 Bar charts depicting prevalence of in-hospital and 1-year post-discharge mortality, stratified by precipitating factor. ACS, acute
coronary syndrome; MI, myocardial infarction; WHF, worsening heart failure.

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

In-hospital mortality

n (%) Univariable Multivariable

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 3332 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

Deaths per 100 py Univariable Multivariable
(95% CI) HR (95% CI) p-value HR (95% CI) p-value
Uncontrolled hypertension 14.2 (12.0-16.7) Ref. Ref.

ACS/MI

Arrhythmia
Non-adherence med/diet
Medication worsening HF
Pneumonia/infection
Pulmonary embolism

213 (19.4-23.5)
19.2 (17.1-21.5)
24.6 (22.0-27.4)
28.8 (19.6-42.2)
22.9 (20.5-25.4)
19.2 (11.6-31.8)

1.49 (1.24-1.81) <0.001
1.35 (1.10-1.65) 0.004
1.72 (1.41-2.09) <0.001
2.01 (1.32-3.05) 0.001
1.60 (1.32-1.95) <0.001
1.35 (0.79-2.30) 0.272

1.30 (1.07-1.58) 0.009
1.12 (0.91-1.39) 0.268
1.30 (1.07-1.60) 0.010
1.52 (0.99-2.32) 0.050
1.21 (0.98-1.48) 0.072
1.29 (0.76-2.21) 0.344

WRF 37.5 (31.4-44.9) 2.60 (2.04-3.33) <0.001 1.62 (1.26-2.09) <0.001
Other 25.0 (22.2-28.3) 1.75 (1.43-2.15) <0.001 1.34 (1.09-1.66) 0.006
None 20.5 (19.1-22.0) 1.44 (1.20-1.72) <0.001 1.20 (0.99-1.44) 0.058
Unknown 254 (23.7-27.3) 1.77 (1.48-2.13) <0.001 1.31 (1.09-1.58) 0.004

ACS, acute coronary syndrome; Cl, confidence interval; HF, Heart failure; HR, hazard ratio; MI, myocardial infarction; OR, odds ratio; py, patient-years; VWRF, worsening renal

function.

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.

© 2022 European Society of Cardiology



Global differences in precipitants of AHF hospitalization

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 high quality care
might explain this finding. Risk factors like smoking and hyperten-
sion are increasing in prevalence in Southeast Asia and North-
ern Africa.””? The PURE registry showed that revascularization
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 unrecognized
ACS/MI.?" Together, this suggests that preventative measures tar-
geting atherosclerosis like smoking cessation or statins could also
prevent hospitalizations for AHF in these regions. Our data sug-
gest 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 fibrillation'” 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 pro-
portion of African Americans (~50%) enrolled in North America
in REPORT-HF, in whom hypertension is a particularly important
issue,?? 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 Mediter-
ranean or African region were admitted due to non-adherence
to diet or medication, highlighting significant areas for improv-
ing HF self-care care and education. Our previous study high-
lighted that non-adherence to diet/medication was a substantial
issue in African-Americans.2 Pneumonia/respiratory tract infec-
tion 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.?

To our knowledge, this is the first global report on differences
in precipitants according to LVEF subtype. A previous study from
the Get With The Guidelines-HF (GWTG-HF) database found
pneumonia was relatively common among patients with HFpEF
and was associated with a longer in-hospital stay.® Consistent with
findings from the GWTG-HF® study, patients with HFrEF were
frequently admitted due to non-adherence. Similar to results from
the CHARM programme, uncontrolled hypertension was a more
critical precipitant in patients with HFpEF than HFrEF."?

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 uncon-
trolled hypertension to 30% in patients with WREF. These results
confirm findings from previous studies in North America and
Western Europe.28%'42* |n OPTIMIZE-HF, uncontrolled hyper-
tension was associated with the lowest mortality and patients with
ACS/MI or WRF had the worst mor"cality.2 In BIOSTAT-CHF, WRF
was most strongly associated with a composite of all-cause death
or hospitalisation for HFE.'* 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

© 2022 European Society of Cardiology

1-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 Mediter-
ranean or Africa, these possibly amenable precipitants constituted
a significant proportion of cases, highlighting the unmet need for
improved treatment and prevention of hospitalization for AHF.

Study limitations

Our findings describe important global patterns concerning pre-
cipitants 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 partic-
ipating sites. Furthermore, patients had to provide informed con-
sent. Sicker patients might not have been included in this registry,
which might explain the low in-hospital mortality rates. Patients
could be hospitalized 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 hospitalizations vary by region and accord-
ing to HF presentation (DCHF vs. new-onset HF) and LVEF sub-
type. ACS, pneumonia or respiratory tract infection and uncon-
trolled hypertension were common precipitants in patients with
new-onset HF globally, especially in Southeast Asia and the Eastern
Mediterranean or Africa region. In HFpEF, uncontrolled hyperten-
sion was more common than in HFrEF. Precipitants significantly
predicted in-hospital and post-discharge mortality globally, irre-
spective of HF presentation or LVEF subtype. Knowledge of mod-
ifiable risk factors precipitating hospitalization for AHF highlights
possible region-specific targets for preventing AHF hospital admis-
sion and prevention of early mortality.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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