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ORIGINAL RESEARCH

Readmissions, Death and Its Associated 
Predictors in Heart Failure With Preserved 
Versus Reduced Ejection Fraction
Wan Ting Tay , MAppStat; Tiew- Hwa Katherine Teng , MPH, PhD; Oliver Simon, PhD;  
Wouter Ouwerkerk , PhD; Jasper Tromp, MD, PhD; Robert N. Doughty, MBBS, MD;  
A. Mark Richards , MD, PhD; Chung- Lieh Hung , MD, PhD; Yan Qin, MBBS, MMed; Than Aung, MBBS; 
Inder Anand , MD, PhD; Carolyn S. P. Lam , MBBS, PhD; on behalf of the ASIAN- HF Investigators* 

BACKGROUND: Data on rehospitalizations for heart failure (HF) in Asia are scarce. We sought to determine the burden and pre-
dictors of HF (first and recurrent) rehospitalizations and all- cause mortality in patients with HF and preserved versus reduced 
ejection fraction (preserved EF, ≥50%; reduced EF, <40%), in the multinational ASIAN- HF (Asian Sudden Cardiac Death in 
Heart Failure) registry.

METHODS AND RESULTS: Patients with symptomatic (stage C) chronic HF were followed up for death and recurrent HF hos-
pitalizations for 1 year. Predictors of HF hospitalizations or all- cause mortality were examined with Cox regression for time 
to first event and other methods for recurrent events analyses. Among 1666 patients with HF with preserved EF (mean age, 
68±12 years; 50% women), and 4479 with HF with reduced EF (mean age, 61±13 years; 22% women), there were 642 and 
2302 readmissions, with 28% and 45% attributed to HF, respectively. The 1- year composite event rate for first HF hospitali-
zation or all- cause death was 11% and 21%, and for total HF hospitalization and all- cause death was 17.7 and 38.7 per 100 
patient- years in HF with preserved EF and HF with reduced EF, respectively. In HF with preserved EF, consistent independent 
predictors of these clinical end points included enrollment as an inpatient, Southeast Asian location, and comorbid chronic 
kidney disease or atrial fibrillation. The same variables were predictive of outcomes in HF with reduced EF except atrial fibrilla-
tion, and also included Northeast Asian location, older age, elevated heart rate, decreased systolic blood pressure, diabetes, 
smoking, and non- usage of beta blockers.

CONCLUSIONS: One- year HF rehospitalization and mortality rates were high among Asian patients with HF. Predictors of out-
comes identified in this study could aid in risk stratification and timely interventions.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT01633398.
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Frequent rehospitalization is a hallmark of chronic 
heart failure (HF) and is the most common cause 
of hospitalization among the elderly.1 Not only are 

rehospitalizations for HF costly, they also predict fur-
ther readmissions for HF and all- cause mortality.2,3 The 
burden of multiple comorbidities among patients with 

HF makes complex contributions to the risk of rehospi-
talization.4 Early identification of such high- risk patients 
will inform strategies for preventing HF readmissions, a 
key priority for clinicians and policy makers to improve 
quality of care and reduce costs. Therapies and de-
velopment of new strategies directed at reduction or 
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prevention of readmissions following HF hospitalization 
remain as an important area for continued improve-
ment in health care.

While international geographic differences in HF 
hospitalizations have been described in global HF 
trials,5 few studies have included multinational Asian 

populations. Indeed, knowledge pertaining to the 
growing burden of HF in Asia,6 which is home to more 
than half of the world’s population aged >65 years,7 is 
scant. The aging population, accompanied by a large 
and growing burden of cardiovascular risk factors 
across the Asian continent, underpin an emerging epi-
demic of HF in Asia. This poses a major challenge, par-
ticularly as the burden of HF is estimated to be highest 
among the poorer nations that may be least equipped 
to deal with the onslaught.8 A better understanding of 
the burden and predictors of readmissions for HF and 
its separate phenotypes (HF with preserved versus re-
duced ejection fraction [HFpEF versus HFrEF]) is im-
portant for projection of needs and planned allocation 
of scarce health care resources.

For this study, we determined the burden and pre-
dictors of HF (first and total) rehospitalizations and 
all- cause mortality in patients with HFpEF (ejection 
fraction [EF] ≥50%), compared with those with HFrEF 
(EF <40%), in the multinational cohort of the ASIAN- HF 
(Asian Sudden Cardiac Death in Heart Failure) registry, 
using various statistical methods and a machine learn-
ing approach.

METHODS
Study Design
The data and materials used to conduct this research 
study cannot be made available to other researchers 
for purposes of reproducing the results or replicating 
the procedure because of the legal restrictions im-
posed by multinational jurisdictions. This cohort study 
used the precollected records of patients with HFpEF 
and HFrEF (left ventricular EF ≥50% and left ventric-
ular EF <40%, respectively, on baseline echocardi-
ography) from the ASIAN- HF registry that recruited 
patients across 10 Asian regions including Hong Kong, 
India, Indonesia, Japan, Korea, Malaysia, Philippines, 
Singapore, Taiwan, and Thailand, between October 
2012 and December 2017. ASIAN- HF was originally 
designed to only include patients with HFrEF (left 
ventricular EF <40%)6,9 but in 2013 the study under-
went a protocol amendment to also include patients 
with HFpEF (left ventricular EF ≥50%). Geographic re-
gions were grouped on the basis of the United Nations 
Regional Groups: Northeast Asia (Hong Kong, Japan, 
South Korea, Taiwan), South Asia (India), and Southeast 
Asia (Indonesia, Malaysia, Philippines, Singapore 
and Thailand). Inclusion and exclusion criteria to the 
ASIAN- HF had been previously described.6,9,10

Among ASIAN- HF patients with HFpEF, 99.5% had 
structural or functional abnormalities fulfilling the 2016 
European Society of Cardiology criteria for diastolic 
dysfunction (E/e′ ≥13, E′ medial/lateral <9 ms, left atrial 
enlargement or left ventricular hypertrophy).10,11

CLINICAL PERSPECTIVE

What Is New?
• One- year heart failure (HF) rehospitalization and 

mortality rates were high among Asian patients 
with HF, with overall event rates higher in HF 
with reduced ejection fraction than HF with pre-
served ejection fraction.

• In both HF with preserved ejection fraction and 
HF with reduced ejection fraction, the consist-
ent independent predictors of these clinical 
end points included enrollment as an inpa-
tient, Southeast Asian location, and comorbid 
chronic kidney disease.

• In HF with reduced ejection fraction, other 
variables predictive of outcomes included 
Northeast Asian location, older age, elevated 
heart rate, decreased systolic blood pres-
sure, diabetes, smoking and non- usage of 
beta- blockers.

What Are the Clinical Implications?
• Our findings highlight the growing burden of HF 

and its separate phenotypes in Asia.
• Predictors of outcomes identified in this study 

could aid in risk stratification and target limited 
resources for timely interventions (including 
therapies and development of new strategies) 
to reduce or prevent hospitalization and death 
among patients with HF in Asia.

Nonstandard Abbreviations and Acronyms

ASIAN- HF Asian Sudden Cardiac Death in 
Heart Failure

ESC- HF- LT European Society of Cardiology 
Heart Failure Long- Term

HFpEF heart failure with preserved 
ejection fraction

HFrEF heart failure with reduced 
ejection fraction

I- PRESERVE Irbesartan in Heart Failure With 
Preserved Ejection Fraction

TOPCAT Treatment of Preserved Cardiac 
Function Heart Failure With an 
Aldosterone Antagonist
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All patients were followed up at specific time 
points and recorded as detailed in the study design 
paper.9 Vital status was determined by the investiga-
tion sites. If the patients were not able to be present 
physically at the study site, a phone follow- up was 
performed to acquire information on vital status and 
hospitalizations, if any (and counterchecked against 
case report forms). Each outcome event (death or 
hospitalization) and its cause was independently 
adjudicated by an independent committee (com-
prising 3 physicians). Two members of the end 
point committee independently reviewed, accord-
ing to prespecified criteria, the data from the case 
report forms, death certificates, hospital discharge 
summaries, and any other relevant information re-
quested. Where there is discordance between the 
2 adjudicators, arbitration was sought from the third 
member. One- year follow- up data were used for 
analysis.

Ethics approval was obtained from the local insti-
tutional review committee of each participating center, 
and all participants gave informed consent. The study 
conformed to the ethical guidelines in the Declaration 
of Helsinki.

Primary and Secondary Outcomes
The primary outcome of interest was the composite of 
HF hospitalizations (unplanned) and all- cause mortal-
ity within 1 year from baseline. The primary composite 
event was analyzed in 2 ways: considering (1) the first 
HF hospitalization or all- cause death in time- to- first- 
event analysis, and (2) total HF hospitalization (includ-
ing first and recurrent hospitalizations) and all- cause 
death, incorporated as an additional (last) event,12 in 
recurrent events analysis.

Secondary outcomes of interest include cause- 
specific (cardiovascular and noncardiovascular) hos-
pitalizations/readmissions and deaths within 1  year 
from baseline. A total of 488 (7.4%) patients were lost 
to follow- up.

Statistical Analysis
Patients with HF were grouped according to numbers 
of HF hospitalizations (no readmission, 1 HF readmis-
sion, and ≥2 readmissions). Differences in baseline 
characteristics between the groups were presented 
as follows: Continuous variables were reported using 
appropriate measures of dispersion and central ten-
dency (means with SDs or medians with ranges) while 
categorical variables were summarized as number 
and percentage of the total study population. The out-
comes at 1  year were considered within HFpEF and 
HFrEF subcohorts. Supplementary tests for interaction 
between HF type and sex (or geographic bloc) on out-
comes were performed.

Classical Cox regression analyses for time to first 
event were used, as well as several models address-
ing recurrent HF rehospitalization/events includ-
ing the Andersen- Gill and Prentice, Williams, and 
Peterson total time and frailty models, as previously 
reported.12– 14 Recurrent event models take into ac-
count the time to event and number of events along 
the total time scale and apply varying assumptions 
regarding the baseline hazards and patients’ under-
lying heterogeneity in risks of events. In regression 
analyses, we used stepwise selection to retain sig-
nificant (P<0.1) and clinically meaningful predictors in 
the model.

We also used the random forest15 as an unsuper-
vised machine learning approach to select features/
variables that distinguished patients at higher risk of 
dying or being hospitalized for HF within 1 year. Using 
a 10- fold cross- validation approach, a random sample 
of 80% of the data was used to train the model. The 
remaining 20% of the data was used to test the model. 
Model performance was measured by the receiver op-
erating characteristic.

Analyses were performed separately for patients 
with HFrEF and HFpEF. Appropriate effect measures 
and 95% CIs for the associations of predictors with 
outcomes were presented. All tests performed were 
2- sided, and P values of <0.05 were considered sta-
tistically significant. Statistical analyses were per-
formed using STATA 14.0 (Stata Corp, College Station, 
TX) or R, A Language and Environment for Statistical 
Computing, version 3.4.1 (R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS
Among a total cohort of 6145 patients (mean age, 
62.5±13.2 years; 29.4% women; two- thirds enrolled as 
outpatients), 1666 had HFpEF (mean age, 68±12 years; 
50% women) and 4479 had HFrEF (mean age, 
61±13 years; 22% women). Baseline characteristics of 
the 2 cohorts are shown in Table 1. Overall, of the total 
patients recruited, 55% had a prior HF hospitalization 
at baseline; more frequent in HFrEF than HFpEF (61% 
versus 37%; P<0.001). Patients with HFrEF were also 
more often enrolled as inpatients (38% versus 29%) 
and had worse functional status (30% versus 22% 
in New York Heart Association class III/IV) compared 
with patients with HFpEF. During 1- year follow- up, the 
average rate of all- cause readmission per patient was 
0.38 (642/1666) and 0.51 (2302/4479) in HFpEF and 
HFrEF, respectively. The median length of stay (LOS) 
for all- cause readmissions (excluding baseline hospi-
talization) was 5 (interquartile range, 3– 10) days, and 
that for a HF readmission was 5 (interquartile range, 
3– 9) days.
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Of the patients with HFpEF (versus HFrEF) who were 
readmitted for HF, 5% (versus 8%) and 2% (versus 4%) 
had 1 readmission and ≥2 readmissions, respectively 
(Figure  1). The median number of HF readmissions 
over a year was 1 in both HFrEF and HFpEF subco-
horts. The median cumulative length of stay (LOS; ie, 
total number of days in hospital over all readmissions) 
attributable to HF over the 1- year follow- up was 7 (in-
terquartile range, 4– 17) days. However, marked vari-
ation in LOS was evident across the Asian countries, 
with longest median LOS for a single readmission in 
Japan (11 [interquartile range, 6– 24] days) and short-
est (4– 5  days) in most Southeast Asian countries 
(Singapore, Malaysia, Thailand, Indonesia).

Among patients with HFpEF, those who had ≥2 HF 
readmissions were older, located in Southeast Asia or 
a region with higher national income, enrolled as an 
inpatient, and carried a higher burden of comorbidity 
(including coronary artery disease, atrial fibrillation/
flutter, hypertension, diabetes or chronic kidney dis-
ease [CKD], anemia), as compared with those who did 
not have any readmissions over a year (Table 1). While 
the prescription of evidence- based HF medications 
(angiotensin- converting enzyme inhibitor/angiotensin 
II receptor blocker, beta blocker or mineralocorticoid 
receptor antagonists) did not differ between groups, 
those with ≥2 readmissions were more frequently pre-
scribed diuretics.

Among patients with HFrEF, as compared with 
patients who were not readmitted over a year, those 
experiencing ≥2 HF readmissions had similar charac-
teristics as those with HFpEF and had ≥2 HF readmis-
sions, except for lower systolic blood pressures, higher 
heart rates, and were more likely to be past or current 
smokers.

Outcomes and Associated Predictors
Over the 1- year follow up, there were 85 (5%) deaths 
in HFpEF compared with 474 (11%) deaths in HFrEF 
(P<0.001; Table 2). Of these, deaths were attributable to 
cardiovascular causes in ≈50% of patients with HFpEF 
compared with ≈75% patients with HFrEF (P<0.001). 
Crude 1- year death rates were higher in Southeast 
Asia as compared with South Asia (11% versus 3% 
and 14% versus 8% in HFpEF and HFrEF, respectively; 
P=0.036). Within the 2 HF phenotypes, death rates 
were similar in men and women (P=0.776; Table S1).

Of 642 and 2302 readmissions in patients with 
HFpEF and HFrEF, 287 (45%) and 1583 (69%) were 
attributed to cardiovascular causes, while HF ac-
counted for 181 (28%) and 1044 (45%) rehospitaliza-
tions, respectively (Table  2). Hospitalizations were 
more frequently observed in patients from Southeast 
Asia compared with South and Northeast Asia in 
both HFpEF and HFrEF; driven by a higher proportion B
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of inpatient recruitment in Southeast Asia (Table S1). 
The median cumulative LOS did not differ between 
HFpEF and HFrEF for all- cause, cardiovascular, or HF 
hospitalizations (P=0.54, 0.99, and 0.34, respectively). 
Among HFrEF cases, fewer women had incurred HF 
readmissions than men (18% versus 23%; P=0.001), 
while in HFpEF, rates were similar in men and women 
(13% versus 11%; P=0.385).

Composite of First HF Hospitalization or 
All- Cause Death, Analyzed as Time to 
First Event
The 1- year composite of HF hospitalization or all- cause 
death rate was 11% (185/1666) and 21% (916/4479) 
in HFpEF and HFrEF, respectively (P<0.001; Table 2). 
The hazards of the composite event were 1.4 to 2.9 
times higher in patients with HFpEF enrolled from 
Southeast Asia as inpatients, in patients with a history 
of atrial fibrillation or CKD, and when diuretics were 
prescribed (Table  3). In contrast, the hazards of the 
composite event in HFrEF were higher in patients from 
Southeast and Northeast Asia (versus South Asia); 
those enrolled as inpatients; and those with a higher 
heart rate, lower systolic blood pressure, history of 
diabetes, CKD, smoking, or a prescription of diuretics 
at baseline. Use of guideline- mandated medications 
(including angiotensin- converting enzyme inhibitors/
angiotensin II receptor blockers or beta blockers) was 
associated with lower hazards of the composite event 
in HFrEF. This association was absent in HFpEF. After 

multivariable correction, including age, sex, geographic 
location, NYHA class, prior HF hospitalization, and co-
morbidities, patients with HFpEF remain at a lower risk 
for the composite event (hazard ratio [HR]=0.76; 95% 
CI, 0.62– 0.93).

In sensitivity analyses, among those who were en-
rolled as in- patients, patients with HFpEF and HFrEF 
had similar risks for the composite event (HR=0.83; 
95% CI, 0.64– 1.05). Increased duration in the initial 
LOS at enrollment (per day) was associated with 
a slightly higher composite event in both HFpEF 
(HR=1.02; 95% CI, 1.01– 1.03) and HFrEF (HR=1.01; 
95% CI, 1.00– 1.01). Women with HFrEF and diabe-
tes (HR=2.88; 95% CI 2.09– 3.98) or CKD (HR=3.09; 
95% CI, 2.14– 4.48) had higher risks of the composite 
event as compared with men with HFrEF and diabe-
tes (HR=1.69; 95% CI, 1.46– 1.95) or CKD (HR=1.87; 
95% CI, 1.60– 2.18).

Composite of Total (First and Recurrent) 
HF Hospitalization and All- Cause Death
The event rate (total HF hospitalization and all- cause 
death) was 17.7 and 38.7 per 100 patient- years in 
HFpEF and HFrEF respectively. In HFpEF, analyses 
of total (first and recurrent) HF hospitalization and all- 
cause death using the Andersen- Gill and Prentice, 
Williams, and Peterson total time and frailty mod-
els identified the following independent predictors of 
events: Southeast Asian versus South Asian location; 
enrollment as an inpatient; a history of chronic kidney 

Figure 1. Distribution of the number of heart failure hospitalizations per patient in HFpEF vs 
HFrEF.
HF indicates heart failure; HFpEF, heart failure with preserved ejection fraction; and HFrEF, heart failure 
with reduced ejection fraction.
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disease, atrial fibrillation, or coronary artery disease; 
and use of diuretics (Table 3).

In contrast, in HFrEF, the predictors of total HF hos-
pitalization and all- cause death included Southeast/
Northeast Asian versus South Asian location, enroll-
ment as an inpatient, chronic kidney disease, older 
age, elevated heart rate, decreased systolic blood 
pressure, a history of diabetes, smoking, and non- 
usage of beta blockers.

Feature Selection by Random Forest
The random forest algorithm was able to discriminate 
patients with events in HFpEF (receiver operating 
characteristic=0.73) and HFrEF (receiver operating 
characteristic=0.70) using a similar combination of 
features: body mass index, age at baseline, systolic 
blood pressure, and heart rate (Figure 2), along with 
moderately important features including Singapore 

or Southeast Asian location and enrollment as in-
patients. These variables with higher importance 
values were consistent with those identified in the 
regression models, and have significant impact on 
the risk of dying or being hospitalized for HF within 
1 year.

DISCUSSION
Among a multinational cohort (two- thirds enrolled 
as outpatients) in the ASIAN- HF registry, the 1- year 
composite event rate for first HF hospitalization or 
all- cause death was 11% and 21%, and the compos-
ite event rate for total HF hospitalization and death 
was 17.7 and 38.7 per 100 patient- year in HFpEF and 
HFrEF respectively. All- cause readmissions occurred 
in a fifth of patients with HFpEF and a quarter of pa-
tients with HFrEF, and were mainly attributed to car-
diovascular causes with a median cumulative LOS (of 
8 days), which did not differ between the 2 HF sub-
groups. Morbidity burden attributed to HF accounted 
for nearly half of total readmissions (45%) in HFrEF; 
whereas, in HFpEF, the majority of admissions (72%) 
were not HF related.

Overall outcome rates in ASIAN- HF (predomi-
nantly enrolled from outpatients) were lower com-
pared with registries from Western populations (eg, 
Get With The Guidelines), although comparable with 
that reported in the ESC- HF- LT (European Society of 
Cardiology Heart Failure Long- Term) registry16 and to 
other Asian studies (eg, from Korea and Japan).17– 21 
Outcomes in patients with HFpEF in ASIAN- HF were 
also comparable with those in key HFpEF trials such 
as TOPCAT (Treatment of Preserved Cardiac Function 
Heart Failure With an Aldosterone Antagonist)22 and I- 
PRESERVE (Irbesartan in Heart Failure With Preserved 
Ejection Fraction)23 (1- year composite outcome rate of 
11% versus 15% and 13%, respectively). Of note, the 
real- world patients from ASIAN- HF with HFpEF were 
of similar age compared with the White populations in 
TOPCAT22 and I- PRESERVE23 trials, but notably had 
relatively high prevalence of comorbidities, particularly 
CKD, diabetes, and hypertension.

The following independent predictors of adverse 
events were identified: in HFpEF, enrollment as an in-
patient, Southeast Asian location, a history of CKD or 
atrial fibrillation, and use of diuretics. Advancing age 
was weakly associated with events among those with 
HFpEF. In HFrEF, beside those predictors identified in 
HFpEF (with exception of atrial fibrillation), additional 
predictors of adverse events included older age, el-
evated heart rate, lower systolic blood pressure, a 
history of diabetes, coronary artery disease, smok-
ing, and nonusage of beta blockers. Thus, adverse 
outcomes reflected the burden of comorbidities, and 

Table 2. Outcomes in Patients With HFpEF (Versus HFrEF)

Outcomes at 1 y HFpEF HFrEF P value

Number of patients 1666 4479

Number of deaths 85 (5.1) 474 (10.6) <0.001

Number of cardiovascular deaths 46 (2.8) 353 (7.9) <0.001

All- cause hospitalizations

Patients with ≥1 readmission 329 
(19.7)

1088 
(24.3)

<0.001

Patients with ≥2 readmissions 145 
(8.7)

448 (10.0) 0.125

Total readmissions 642 2302

Cumulative length of stay, d* 8 (4– 19) 9 (4– 23) 0.539

Cardiovascular hospitalizations

Patients with ≥1 readmission 182 
(10.9)

856 (19.1) <0.001

Patients with ≥2 readmissions 66 (4.0) 301 (6.7) <0.001

Total readmissions 287 1583

Cumulative length of stay, d* 8 (4– 16) 8 (4– 18) 0.989

HF hospitalizations

Patients with ≥1 readmission 117 (7.0) 544 (12.1) <0.001

Patients with ≥2 readmissions 36 (2.2) 199 (4.4) <0.001

Total readmissions 181 1044

Cumulative length of stay, d* 7 (4– 17) 8 (4– 20) 0.340

Composite of first HF 
hospitalization or all- cause death

185 
(11.1)

916 (20.5) <0.001

Recurrent HF hospitalization(s) and all- cause death

Patients with ≥1 event 185 
(11.1)

913 (20.4) <0.001

Patients with ≥2 events 47 (2.8) 263 (5.9) <0.001

Total events 266 1516

Rate per 100 patient- year 17.7 38.7

Data presented are number (percentage). HF indicates heart failure; 
HFpEF, heart failure with preserved ejection fraction; and HFrEF, heart failure 
with reduced ejection fraction.

*Values are median (interquartile range).
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the consistency of our findings using multiple well- 
established statistical methods suggests that comor-
bidities may play an important role in the progression 
of disease regardless of HF phenotype.

Our findings are consistent with prior studies and 
extend prior observations to Asia.24– 27 Older age and 

atrial fibrillation have been found to be associated 
with increased risk of HF readmissions in patients 
with either reduced or preserved ejection fraction. In 
a large US study using Medicare data, Aranda et al28 
reported that patients who were readmitted more fre-
quently more often had diabetes, peripheral vascular 

Table 3. Independent Predictors of Outcomes in Patients With HFpEF (Versus HFrEF)

Cox regression Andersen- Gill model PWP- TT Frailty

Hazards ratio 
(95% CI) P value

Hazards ratio 
(95% CI) P value

Hazards ratio 
(95% CI) P value

Hazards ratio 
(95% CI) P value

HFpEF

Age, y 1.02 (1.00– 1.04) 0.012 1.01 (1.00– 1.03) 0.154 1.01 (0.99– 1.02) 0.252 1.02 (1.00– 1.04) 0.046

Geographic region

South Asia 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Northeast Asia 0.94 (0.44– 2.03) 0.884 1.60 (0.70– 3.68) 0.266 1.20 (0.57– 2.48) 0.633 1.64 (0.71– 3.80) 0.246

Southeast Asia 2.93 (1.45– 5.92) 0.003 3.51 (1.70– 7.27) 0.001 1.96 (1.01– 3.80) 0.046 4.56 (2.09– 9.95) <0.001

Enrolled as inpatient 2.24 (1.59– 3.15) <0.001 2.77 (1.79– 4.28) <0.001 2.20 (1.52– 3.19) <0.001 3.43 (2.29– 5.14) <0.001

Atrial fibrillation/flutter 1.41 (1.02– 1.95) 0.039 1.37 (0.97– 1.92) 0.072 1.42 (1.05– 1.92) 0.023 1.54 (1.01– 2.35) 0.045

Coronary artery 
disease

1.52 (1.08– 2.14) 0.017 1.38 (1.03– 1.85) 0.029 1.71 (1.15– 2.55) 0.009

Chronic kidney disease 
(eGFR <60)

2.56 (1.75– 3.76) <0.001 2.60 (1.71– 3.95) <0.001 2.15 (1.46– 3.17) <0.001 2.70 (1.76– 4.15) <0.001

Peripheral arterial 
vascular disease

1.93 (0.98– 3.83) 0.059

Ever smoked 1.40 (0.99– 1.99) 0.059

Diuretics 1.68 (1.09– 2.59) 0.019 2.15 (1.37– 3.37) 0.001 1.95 (1.29– 2.96) 0.002 2.39 (1.44– 3.97) 0.001

HFrEF

Age, y 1.01 (1.00– 1.02) <0.001 1.01 (1.00– 1.03) 0.009 1.01 (1.00– 1.02) 0.018 1.01 (1.00– 1.02) 0.050

Geographical region

South Asia 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Northeast Asia 1.95 (1.49– 2.56) <0.001 2.36 (1.74– 3.20) <0.001 1.65 (1.26– 2.18) <0.001 2.29 (1.63– 3.23) <0.001

Southeast Asia 3.53 (2.79– 4.48) <0.001 4.97 (3.73– 6.64) <0.001 2.93 (2.29– 3.75) <0.001 4.97 (3.64– 6.79) <0.001

Enrolled as inpatient 1.60 (1.39– 1.86) <0.001 1.72 (1.41– 2.09) <0.001 1.44 (1.23– 1.69) <0.001 1.91 (1.53– 2.37) <0.001

Heart rate, bpm 1.01 (1.00– 1.01) 0.019 1.01 (1.00– 1.02) <0.001 1.01 (1.00– 1.01) 0.001 1.01 (1.00– 1.02) 0.002

Systolic blood 
pressure, mm Hg

0.99 (0.99– 1.00) <0.001 0.99 (0.98– 1.00) 0.011 0.99 (0.99– 1.00) <0.001 0.99 (0.98– 0.99) <0.001

Coronary artery 
disease

1.28 (1.10– 1.50) 0.002 1.18 (0.96– 1.45) 0.111 1.15 (0.95– 1.39) 0.161 1.34 (1.06– 1.71) 0.016

Diabetes 1.45 (1.25– 1.69) <0.001 1.79 (1.48– 2.16) <0.001 1.51 (1.28– 1.79) <0.001 1.85 (1.47– 2.33) <0.001

Peripheral arterial 
vascular disease

1.43 (1.08– 1.90) 0.012 1.47 (1.09– 1.99) 0.011 1.80 (1.08– 3.00) 0.024

Chronic kidney disease 
(eGFR <60)

1.46 (1.26– 1.70) <0.001 1.46 (1.20– 1.77) <0.001 1.37 (1.15– 1.64) <0.001 1.76 (1.39– 2.21) <0.001

Ever smoked 1.35 (1.16– 1.56) <0.001 1.44 (1.17– 1.78) 0.001 1.33 (1.13– 1.56) <0.001 1.83 (1.46– 2.28) <0.001

Beta blockers 0.65 (0.55– 0.77) <0.001 0.60 (0.43– 0.83) 0.003 0.69 
(0.57– 0.82)

<0.001 0.49 (0.38– 0.65) <0.001

ACEI or ARB 0.78 (0.67– 0.92) 0.002 0.78 
(0.66– 0.93)

0.005 0.59 (0.46– 0.76) <0.001

Diuretics 1.80 (1.42– 2.28) <0.001 1.88 (1.41– 2.50) <0.001 1.70 (1.32– 2.19) <0.001 2.09 (1.51– 2.89) <0.001

Statin 0.79 (0.67– 0.92) 0.004 0.74 
(0.63– 0.88)

0.001 0.64 (0.50– 0.82) <0.001

ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BP, blood pressure; COPD, chronic obstructive pulmonary 
disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart 
Association; and PWP- TT, Prentice, Williams, and Peterson total time.
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disease, and/or a history of stroke when compared 
with HF patients free from readmission after their index 
hospitalization. The consistent relationship between 
diabetesand increased rehospitalization rates in HF 
with reduced or preserved ejection fraction has been 
demonstrated in several other studies. Similarly, there 
is a wealth of data suggesting that worsening renal 
function or renal insufficiency is an independent pre-
dictor of rehospitalization in HF.29,30

Our results also highlight the heterogeneity across 
the Asian continent, not dissimilar to that observed in 
other regions of the world.5 We observed marked vari-
ation both in mortality and morbidity associated with 
HF across both geographic region and subpopula-
tion. Patients from Southeast Asia sustained the worst 
outcomes compared with other geographic regions. 
Countries in Asia comprise an assortment of diverse 
countries at different stages of economic develop-
ment and diverse health care systems. The high event 
rates in Southeast Asia may be driven by the excess 
mortality observed in Indonesia (with highest percent 
of prior myocardial infarction and smoking), or more 
frequent hospitalizations in Singapore.6,31 Differences 
in clinical practice, thresholds for hospital admissions, 
and health care systems (eg, reimbursement patterns, 
access to health care facilities, quality of cardiac care 
programs, LOS) may in part explain the observed geo-
graphic variation in outcomes across Asia. Notably, at 
the patient level, those from Southeast Asia, despite 
being significantly younger than those in Northeast 
Asia, had a higher comorbidity burden, particularly 
driven by a higher prevalence of diabetes, CKD, CAD, 
hypertension, and obesity.31

The ASIAN- HF registry is the first prospec-
tive pan- Asian multinational study of patients with 
HFpEF and HFrEF across Asia incorporating adjudi-
cated outcomes. This study is the most recent and 

comprehensive report of follow- up of all recruited pa-
tients in ASIAN- HF, including updated numbers of pa-
tients, hospitalization, and mortality events since the 
database was completed and locked in March 2020. 
The use of a variety of analytical methods (including 
exploratory [unsupervised machine learning] and con-
ventional regression analyses) for recurrent events be-
yond the classical time- to- first- event analyses allows 
greater insight and statistical power to consider the 
true burden of HF hospitalizations.

However, there are inevitable residual inadequacies 
in such modeling reflecting residual confounding by 
unknown and unmeasured factors. Similarly, the lack 
of discriminate ability with the random forest approach 
may also reflect the effect on the variation in event rates 
from unmeasured factors such as genetic, cultural, or 
socioeconomic factors and differences in health care 
systems across the region. By design, ASIAN- HF did 
not include patients with EF in the midrange of 40% to 
50%, and patients from China were excluded from this 
analysis because of the recent restriction from Office 
of Human Genetic Resources Administration, so we 
cannot draw conclusions for these groups of patients. 
We acknowledge potential variation between inter-  and 
intra- regions in socioeconomics, health care delivery, 
and other factors that cannot be fully accounted for. 
We lack data about emergency department presen-
tations and outpatient observation stays were not ac-
counted for, hence underestimating the true burden of 
re- presentations to hospitals.

In conclusion, rehospitalizations and mortality 
among Asian patients with HF are common, with overall 
event rates higher in HFrEF than HFpEF. Independent 
predictors of events identified in this study may aid in 
risk stratification and targeting of limited resources for 
prevention of hospitalization and death among patients 
with HF in Asia.

Table 3. (Continued)

Figure 2. Random forest feature selection in (A) HFpEF vs (B) HFrEF.
Higher importance value of the variable reflects how much the model accuracy decreases if that certain variable was dropped. ACEI 
indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BP, blood pressure; HFpEF, heart failure 
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; and MRA, mineralocorticoid receptor antagonist.



J Am Heart Assoc. 2021;10:e021414. DOI: 10.1161/JAHA.121.021414 10

Tay et al Readmissions and Death in Heart Failure Phenotypes

APPENDIX
The ASIAN- HF Executive Committee
• Professor Carolyn S. P. Lam (as principal investiga-

tor), National Heart Centre Singapore, Duke- NUS 
Medical School, Singapore. Email: carolyn.lam@duke- 
nus.edu.sg

• Professor A. Mark Richards (as Chairman), Cardi-
ovascular Research Institute, National University of 
Singapore, Singapore. Email: mdcarthu@nus.edu.sg

• Professor Inder Anand (as Director, Publications 
Committee), University of Minnesota Medical 
School, VA Medical Center Minneapolis and San 
Diego, United States of America. Email: anand001@
umn.edu

• Dr Chung- Lieh Hung, Mackay Memorial Hospital, 
Taipei, Taiwan. Email: jotaro3791@gmail.com

• Professor Lieng Hsi Ling (as Director, Echo Core 
Laboratory), Cardiovascular Research Institute, Natio-
nal University of Singapore, Singapore. Email: lieng_
hsi_ling@nuhs.edu.sg

• Dr Houng Bang Liew, Queen Elizabeth II Hospital, 
Clinical Research Center, Sabah, Malaysia. Email: 
hbliew22@gmail.com

• Dr Calambur Narasimhan, Care Hospital, Hyderabad, 
India. Email: calambur@hotmail.com

• Dr Tachapong Ngarmukos, Ramathibodi Hospital, 
Mahidol University, Bangkok, Thailand. Email: tacha-
ponis.nga@mahidol.ac.th

• Dr Sang Weon Park, SeJong General Hospital, 
Seoul, South Korea. Email: swparkmd@gmail.com

• Dr Eugenio Reyes, Manila Doctors Hospital, Manila, 
Philippines. Email: eugenereyes@yahoo.com

• Professor Bambang B. Siswanto, National Cardio-
vascular Center Universitas Indonesia, Jakarta, Indo-
nesia. Email: bambbs@gmail.com

• Professor Wataru Shimizu, Department of Cardi-
ovascular Medicine, Nippon Medical School, Tokyo, 
Japan. Email: wshimizu@nms.ac.jp

• Professor Shu Zhang, Fuwai Cardiovascular Hospital, 
Beijing, People’s Republic of China. Email: zsfuwai@
vip.163.com

Country and Site Investigators
Hong Kong

The Chinese University of Hong Kong: Cheuk Man Yu 
(country principal investigator).

India

CARE Hospital: Calambur Narasimhan (country princi-
pal investigator), B. K. S. Sastry, Arun Gopi, K. Raghu, 
C. Sridevi, Daljeet Kaur. Care Institute of Medical 
Sciences: Ajay Naik, Keyur Parikh, Anish Chandarana, 
Urmil Shah, Milan Chag, Hemang Baxi, Satya Gupta, 

Jyoti Bhatia, Vaishali Khakhkhar, Vineet Sankhla, Tejas 
Patel, Vipul Kapoor. Hero Dayanand Medical College 
Heart Institute: Gurpreet Singh Wander, Rohit Tandon. 
Medanta- The Medicity: Vijay Chopra, Manoj Kumar, 
Hatinder Jeet Singh Sethi, Rashmi Verma, Sanjay 
Mittal. Sir Ganga Ram Hospital: Jitendra Sawhney, 
Manish Kr. Sharma. Westfort Hi- Tech Hospital Ltd: 
Mohanan Padinhare Purayil.

Indonesia

Rumah Sakit Jantung dan Pembuluh Darah Harapan 
Kita: Bambang Budi Siswanto (country principal inves-
tigator). RS Dr Hasan Sadikin: Pintoko Tedjokusumo, 
Erwan Martanto, Erwinanto. R S Khusus Jantung 
Binawaluya: Muhammad Munawar, Jimmy Agung 
Pambudi. RS Siloam Karawaci: Antonia Lukito, Ingrid 
Pardede, Alvin Thengker, Vito Damay, Siska Suridanda 
Danny, Rarsari Surarso.

Japan

Nippon Medical School: Wataru Shimizu (country princi-
pal investigator), National Cerebral and Cardiovascular 
Center: Takashi Noda, Ikutaro Nakajima, Mitsuru 
Wada, Kohei Ishibashi. Kinki University Hospital 
Cardiovascular Center: Takashi Kurita, Ryoubun 
Yasuoka. Nippon Medical School Hospital: Kuniya 
Asai, Kohji Murai, Yoshiaki Kubota, Yuki Izumi. Toho 
University Omori Medical Center: Takanori Ikeda, Shinji 
Hisatake, Takayuki Kabuki, Shunsuke Kiuchi, Tokyo 
Women’s Medical University: Nobuhisa Hagiwara, 
Atsushi Suzuki, Dr Tsuyoshi Suzuki.

Korea

SeJong General Hospital: Sang- Weon Park (country 
principal investigator), Suk Keun Hong, SookJin Lee, 
Lim Dal Soo, Dong- Hyeok Kim. Korea University Anam 
Hospital: Jaemin Shim, Seong- Mi Park, Seung- Young 
Roh, Young Hoon Kim, Mina Kim, Jong- Il Choi. Korea 
University Guro Hospital: Jin Oh Na, Seung Woon 
Rha, Hong Seog Seo, Dong Joo Oh, Chang Gyu Park, 
Eung Ju Kim, Sunki Lee. Severance Hospital, Yonsei 
University Health System: Boyoung Joung, Jae- Sun 
Uhm, Moon Hyoung Lee, In- Jeong Cho, Hui- Nam 
Park. Chonnam National University Hospital: Hyung- 
Wook Park, Jeong- Gwan Cho, Namsik Yoon, KiHong 
Lee, Kye Hun Kim. Korea University Ansan Hospital: 
Seong Hwan Kim.

Malaysia

Hospital Queen Elizabeth II: Houng Bang Liew (country 
principal investigator), Sahrin Saharudin, Boon Cong 
Beh, Yu Wei Lee, Chia How Yen, Mohd Khairi Othman, 
Amie- Anne Augustine, Mohd Hariz Mohd Asnawi, 

mailto:carolyn.lam@duke-nus.edu.sg
mailto:carolyn.lam@duke-nus.edu.sg
mailto:mdcarthu@nus.edu.sg
mailto:anand001@umn.edu
mailto:anand001@umn.edu
mailto:jotaro3791@gmail.com
mailto:lieng_hsi_ling@nuhs.edu.sg
mailto:lieng_hsi_ling@nuhs.edu.sg
mailto:hbliew22@gmail.com
mailto:calambur@hotmail.com
mailto:tachaponis.nga@mahidol.ac.th
mailto:tachaponis.nga@mahidol.ac.th
mailto:swparkmd@gmail.com
mailto:eugenereyes@yahoo.com
mailto:bambbs@gmail.com
mailto:wshimizu@nms.ac.jp
mailto:zsfuwai@vip.163.com
mailto:zsfuwai@vip.163.com


J Am Heart Assoc. 2021;10:e021414. DOI: 10.1161/JAHA.121.021414 11

Tay et al Readmissions and Death in Heart Failure Phenotypes

Roberto Angelo Mojolou, You Zhuan Tan, Aida Nurbaini 
Arbain, Chii Koh Wong. Institut Jantung Negara: Razali 
Omar, Azmee Mohd Ghazi, Surinder Kaur Khelae, 
David S. P. Chew, Lok Bin Yap, Azlan Hussin, Zulkeflee 
Muhammad, Mohd. Ghazi Azmee. University Malaya 
Medical Centre: Imran Zainal Abidin, Ahmad Syadi 
Bin Mahmood Zhudi, Nor Ashikin Md Sari, Ganiga 
Srinivasaiah Sridhar, Ahmad Syadi Mahmood Zuhdi, 
Muhammad Dzafir Ismail. Sarawak General Hospital 
Heart Centre: Tiong Kiam Ong, Yee Ling Cham, Ning 
Zan Khiew, Asri Bin Said, Alan Yean Yip Fong, Nor 
Hanim Mohd Amin, Keong Chua Seng, Sian Kong Tan, 
Kuan Leong Yew.

Philippines

Manila Doctors Hospital: Eugenio Reyes (country prin-
cipal investigator), Jones Santos, Allan Lim. Makati 
Medical Center: Raul Lapitan, Ryan Andal, Philippine 
Heart Center: Eleanor Lopez.

Singapore

National Heart Centre Singapore: Carolyn S. P. Lam 
(country principal investigator), Kheng Leng David 
Sim, Boon Yew Tan, Choon Pin Lim, Louis L. Y. Teo, 
Laura L. H. Chan. National University Heart Centre: 
Lieng Hsi Ling, Ping Chai, Ching Chiew Raymond 
Wong, Kian Keong Poh, Tan Tock Seng Hospital: Poh 
Shuan Daniel Yeo, Evelyn M. Lee, Seet Yong Loh, Min 
Er Ching, Deanna Z. L. Khoo, Min Sen Yew, Wenjie 
Huang. Changi General Hospital- Parent: Kui Toh 
Gerard Leong, Jia Hao Jason See, Yaozong Benji Lim, 
Svenszeat Tan, Colin Yeo, Siang Chew Chai. Singapore 
General Hospital- Parent: Fazlur Rehman Jaufeerally, 
Haresh Tulsidas, Than Aung. Khoo Teck Puat Hospital: 
Hean Yee Ong, Lee Fong Ling, Dinna Kar Nee Soon.

Taiwan

Mackay Memorial Hospital, Taipei, Taiwan: Chung- Lieh 
Hung (country principal investigator), Hung- I Yeh, Jen- 
Yuan Kuo, Chih- Hsuan Yen. National Taiwan University 
Hospital: Juey- Jen Hwang, Kuo- Liong Chien, Ta- 
Chen Su, Lian- Yu Lin, Jyh- Ming Juang, Yen- Hung 
Lin, Fu- Tien Chiang, Jiunn- Lee Lin, Yi- Lwun Ho, Chii- 
Ming Lee, Po- Chih Lin, Chi- Sheng Hung, Sheng- Nan 
Chang, Jou- Wei Lin, Chih- Neng Hsu. Taipei Veterans 
General Hospital: Wen- Chung Yu, Tze- Fan Chao, Shih- 
Hsien Sung, Kang- Ling Wang, Hsin- Bang Leu, Yenn- 
Jiang Lin, Shih- Lin Chang, Po- Hsun Huang, Li- Wei Lo, 
Cheng- Hsueh Wu. China Medical University Hospital: 
Hsin- Yueh Liang, Shih- Sheng Chang, Lien- Cheng 
Hsiao, Yu- Chen Wang, Chiung- Ray Lu, Hung- Pin Wu, 
Yen- Nien Lin, Ke- Wei Chen, Ping- Han Lo, Chung- Ho 
Hsu, Li- Chuan Hsieh.

Thailand

Ramathibodi Hospital: Tachapong Ngarmukos (country   
principal investigator), Mann Chandavimol, Teerapat Ying-
choncharoen, Prasart Laothavorn. Phramongkutklao Hos-
pital: Waraporn Tiyanon. Maharaj Nakorn Chiang Mai 
Hospital: Wanwarang Wongcharoen, Arintaya Phrommintikul.

ARTICLE INFORMATION
Received February 24, 2021; accepted July 19, 2021.

Affiliations
National Heart Centre Singapore, Singapore (W.T.T., T.K.T., W.O., J.T., C.S.L.); 
Duke- National University of Singapore Medical School, Singapore (T.K.T., 
J.T., C.S.L.); School of Population & Global Health, University of Western 
Australia, Perth, Australia (T.K.T.); Novartis (Singapore) Pte Ltd, Singapore 
(O.S.); Department of Dermatology, University of Amsterdam Medical 
Centre, Amsterdam, the Netherlands (W.O.); University Medical Centre 
Groningen, University of Groningen Department of Cardiology, Groningen, 
the Netherlands (J.T., C.S.L.); Faculty of Medicine and Health Sciences, 
University of Auckland, Auckland, New Zealand (R.N.D.); Auckland City 
Hospital, Auckland, New Zealand (R.N.D.); National University Heart Centre, 
Singapore (A.M.R.); ; University of Otago, Dunedin, New Zealand (A.M.R.); 
Mackay Memorial Hospital, Taipei, Taiwan (C.H.); Department of Internal 
Medicine, Singapore General Hospital, Singapore (Y.Q., T.A.); and Veterans 
Affairs Medical Center, University of Minnesota, Minneapolis, MN (I.A.).

Acknowledgments
The contributions of all site investigators and clinical coordinators are duly 
acknowledged.

Sources of Funding
The ASIAN- HF is supported by research grants from Boston Scientific 
Investigator Sponsored Research Program, National Medical Research 
Council of Singapore (R- 172- 003- 219- 511), A*STAR Biomedical Research 
Council Asian neTwork for Translational Research and Cardiovascular Trials 
(ATTRaCT) program (SPF2014/003, SPF2014/004, SPF2014/005), and 
Bayer. PROOF_pEF is further supported by a grant from Novartis.

Disclosures
All authors report no disclosures relevant to the present work. Dr Lam is 
supported by a Clinician Scientist Award from the National Medical Research 
Council of Singapore; has received research support from Boston Scientific, 
Bayer, Roche Diagnostics, AstraZeneca, Medtronic, and Vifor Pharma; 
has served as consultant or on the Advisory Board/Steering Committee/
Executive Committee for Abbott Diagnostics, Amgen, Applied Therapeutics, 
AstraZeneca, Bayer, Biofourmis, Boehringer Ingelheim, Boston Scientific, 
Corvia Medical, Cytokinetics, Darma Inc., Eko.ai Pte Ltd, JanaCare, 
Janssen Research & Development LLC, Medtronic, Menarini Group, 
Merck, MyoKardia, Novartis, Novo Nordisk, Radcliffe Group Ltd., Roche 
Diagnostics, Sanofi, Stealth BioTherapeutics, The Corpus, Vifor Pharma, and 
WebMD Global LLC; and serves as cofounder and nonexecutive director 
of EKo.ai Pte Ltd. Dr Richards has received research support from Boston 
Scientific, Bayer, Astra Zeneca, Medtronic, Roche Diagnostics, Abbott 
Laboratories, Thermo Fisher, and Critical Diagnostics; and has consulted for 
Bayer, Novartis, Merck, Astra Zeneca, and Roche Diagnostics. Dr Doughty 
holds the New Zealand Heart Foundation Chair of Heart Health and has re-
ceived research support from the New Zealand Health Research Council, 
Roche Diagnostics, and Bayer.

Supplementary Material
Table S1

REFERENCES
 1. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among 

patients in the Medicare fee- for- service program. N Engl J Med. 
2009;360:1418– 1428. doi: 10.1056/NEJMs a0803563

https://doi.org/10.1056/NEJMsa0803563


J Am Heart Assoc. 2021;10:e021414. DOI: 10.1161/JAHA.121.021414 12

Tay et al Readmissions and Death in Heart Failure Phenotypes

 2. Voigt J, Sasha John M, Taylor A, Krucoff M, Reynolds MR, Michael 
Gibson C. A reevaluation of the costs of heart failure and its implica-
tions for allocation of health resources in the United States. Clin Cardiol. 
2014;37:312– 321. doi: 10.1002/clc.22260

 3. Zannad F, Stough WG, Pitt B, Cleland JG, Adams KF, Geller NL, Torp- 
Pedersen C, Kirwan BA, Follath F. Heart failure as an endpoint in heart failure 
and non- heart failure cardiovascular clinical trials: the need for a consensus 
definition. Eur Heart J. 2008;29:413– 421. doi: 10.1093/eurhe artj/ehm603

 4. Shah SJ, Gheorghiade M. Heart failure with preserved ejection fraction: 
treat now by treating comorbidities. JAMA. 2008;300:431– 433. doi: 
10.1001/jama.300.4.431

 5. Kristensen SL, Køber L, Jhund PS, Solomon SD, Kjekshus J, McKelvie 
RS, Zile MR, Granger CB, Wikstrand J, Komajda M, et al. International 
geographic variation in event rates in trials of heart failure with pre-
served and reduced ejection fraction. Circulation. 2015;131:43– 53. doi: 
10.1161/CIRCU LATIO NAHA.114.012284

 6. Lam CSP, Teng T- H, Tay WT, Anand I, Zhang S, Shimizu W, Narasimhan 
C, Park SW, Yu C- M, Ngarmukos T, et al. Regional and ethnic differ-
ences among patients with heart failure in Asia: the Asian sudden car-
diac death in heart failure registry. Eur Heart J. 2016;37:3141– 3153. doi: 
10.1093/eurhe artj/ehw331

 7. United Nations, Department of Economic and Social Affairs, Population 
Division (2019). World Population Ageing 2019: Highlights (ST/ESA/
SER.A/430).

 8. Braunwald E. The war against heart failure: the Lancet lecture. Lancet. 
2015;385:812– 824. doi: 10.1016/S0140 - 6736(14)61889 - 4

 9. Lam CSP, Anand I, Zhang S, Shimizu W, Narasimhan C, Park SW, Yu C- 
M, Ngarmukos T, Omar R, Reyes EB, et al. Asian Sudden Cardiac Death 
in Heart Failure (ASIAN- HF) registry. Eur J Heart Fail. 2013;15:928– 936. 
doi: 10.1093/eurjh f/hft045

 10. Tromp J, Teng T- H, Tay WT, Hung CL, Narasimhan C, Shimizu W, Park 
SW, Liew HB, Ngarmukos T, Reyes EB, et al. Heart failure with pre-
served ejection fraction in Asia. Eur J Heart Fail. 2018;21:23– 36. doi: 
10.1002/ejhf.1227

 11. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, 
Falk V, González- Juanatey JR, Harjola V- P, Jankowska EA, et al. 2016 ESC 
guidelines for the diagnosis and treatment of acute and chronic heart fail-
ure: the Task Force for the Diagnosis and Treatment of Acute and Chronic 
Heart Failure of the European Society of Cardiology (ESC) developed with 
the special contribution of the Heart Failure Association (HFA) of the ESC. 
Eur Heart J. 2016;37:2129– 2200. doi: 10.1093/eurhe artj/ehw128

 12. Rogers JK, Pocock SJ, McMurray JJ, Granger CB, Michelson EL, 
Ostergren J, Pfeffer MA, Solomon SD, Swedberg K, Yusuf S. Analysing 
recurrent hospitalizations in heart failure: a review of statistical meth-
odology, with application to CHARM- Preserved. Eur J Heart Fail. 
2014;16:33– 40. doi: 10.1002/ejhf.29

 13. Rogers JK, Jhund PS, Perez A- C, Böhm M, Cleland JG, Gullestad L, 
Kjekshus J, van Veldhuisen DJ, Wikstrand J, Wedel H, et al. Effect 
of rosuvastatin on repeat heart failure hospitalizations: the CORONA 
Trial (Controlled Rosuvastatin Multinational Trial in Heart Failure). JACC 
Heart Fail. 2014;2:289– 297. doi: 10.1016/j.jchf.2013.12.007

 14. Ghosh D, Lin DY. Nonparametric analysis of recurrent events and death. 
Biometrics. 2000;56:554– 562. doi: 10.1111/j.0006- 341X.2000.00554.x

 15. Breiman L. Random forests. In: Schapire RE, ed. Machine Learning 
[Internet]. Kluwer Academic Publishers; 2001:5– 32.

 16. Crespo- Leiro MG, Anker SD, Maggioni AP, Coats AJ, Filippatos G, 
Ruschitzka F, Ferrari R, Piepoli MF, Delgado Jimenez JF, Metra M, et 
al. European Society of Cardiology Heart Failure Long- Term Registry 
(ESC- HF- LT): 1- year follow- up outcomes and differences across re-
gions. Eur J Heart Fail. 2016;18:613– 625. doi: 10.1002/ejhf.566

 17. Yap J, Sim D, Lim CP, Chia SY, Go YY, Jaufeerally FR, Sim LL, Liew R, 
Ching CK. Predictors of two- year mortality in Asian patients with heart 
failure and preserved ejection fraction. Int J Cardiol. 2015;183:33– 38. 
doi: 10.1016/j.ijcard.2015.01.063

 18. Hoong CW, Lim CP, Gao F, Chen Q, Kawa LB, Ching CK, Sim DK. 
Outcomes of heart failure with preserved ejection fraction in a Southeast 
Asian cohort. J Cardiovasc Med (Hagerstown). 2015;16:583– 590. doi: 
10.2459/JCM.00000 00000 000100

 19. Shiba N, Watanabe J, Shinozaki T, Koseki Y, Sakuma M, Kagaya Y, 
Shirato K; Investigators C. Analysis of chronic heart failure registry in 
the Tohoku district: third year follow- up. Circ J. 2004;68:427– 434. doi: 
10.1253/circj.68.427

 20. Lee SE, Lee H- Y, Cho H- J, Choe W- S, Kim H, Choi JO, Jeon E- S, Kim 
M- S, Kim J- J, Hwang K- K, et al. Clinical characteristics and outcome of 
acute heart failure in Korea: results from the Korean Acute Heart Failure 
Registry (KorAHF). Korean Circ J. 2017;47:341– 353. doi: 10.4070/
kcj.2016.0419

 21. Lam CSP, Gamble GD, Ling LH, Sim D, Leong KTG, Yeo PSD, Ong HY, 
Jaufeerally F, Ng TP, Cameron VA, et al. Mortality associated with heart 
failure with preserved vs. reduced ejection fraction in a prospective in-
ternational multi- ethnic cohort study. Eur Heart J. 2018;39:1770– 1780. 
doi: 10.1093/eurhe artj/ehy005

 22. Shah SJ, Heitner JF, Sweitzer NK, Anand IS, Kim H- Y, Harty B, Boineau 
R, Clausell N, Desai AS, Diaz R, et al. Baseline characteristics of pa-
tients in the treatment of preserved cardiac function heart failure with 
an aldosterone antagonist trial. Circ Heart Fail. 2013;6:184– 192. doi: 
10.1161/CIRCH EARTF AILURE.112.972794

 23. McMurray JJ, Carson PE, Komajda M, McKelvie R, Zile MR, Ptaszynska 
A, Staiger C, Donovan JM, Massie BM. Heart failure with preserved 
ejection fraction: clinical characteristics of 4133 patients enrolled in the 
I- PRESERVE trial. Eur J Heart Fail. 2008;10:149– 156. doi: 10.1016/j.
ejhea rt.2007.12.010

 24. Zaya M, Phan A, Schwarz ER. Predictors of re- hospitalization in pa-
tients with chronic heart failure. World J Cardiol. 2012;4:23– 30. doi: 
10.4330/wjc.v4.i2.23

 25. Nanayakkara S, Patel HC, Kaye DM. Hospitalisation in patients with 
heart failure with preserved ejection fraction. Clin Med Insights Cardiol. 
2018;12:1179546817751609. doi: 10.1177/11795 46817 751609

 26. Bello NA, Claggett B, Desai AS, McMurray JJ, Granger CB, Yusuf S, 
Swedberg K, Pfeffer MA, Solomon SD. Influence of previous heart fail-
ure hospitalization on cardiovascular events in patients with reduced 
and preserved ejection fraction. Circ Heart Fail. 2014;7:590– 595. doi: 
10.1161/CIRCH EARTF AILURE.113.001281

 27. Angraal S, Mortazavi BJ, Gupta A, Khera R, Ahmad T, Desai NR, 
Jacoby DL, Masoudi FA, Spertus JA, Krumholz HM. Machine learn-
ing prediction of mortality and hospitalization in heart failure with pre-
served ejection fraction. JACC Heart Fail. 2020;8:12– 21. doi: 10.1016/j.
jchf.2019.06.013

 28. Aranda JM Jr, Johnson JW, Conti JB. Current trends in heart failure 
readmission rates: analysis of Medicare data. Clin Cardiol. 2009;32:47– 
52. doi: 10.1002/clc.20453

 29. Smith DH, Thorp ML, Gurwitz JH, McManus DD, Goldberg RJ, Allen 
LA, Hsu G, Sung SH, Magid DJ, Go AS. Chronic kidney disease and 
outcomes in heart failure with preserved versus reduced ejection frac-
tion: the Cardiovascular Research Network PRESERVE Study. Circ 
Cardiovasc Qual Outcomes. 2013;6:333– 342. doi: 10.1161/CIRCO 
UTCOM ES.113.000221

 30. Hamaguchi S, Tsuchihashi- Makaya M, Kinugawa S, Yokota T, Ide T, 
Takeshita A, Tsutsui H; Investigators J- C. Chronic kidney disease 
as an independent risk for long- term adverse outcomes in patients 
hospitalized with heart failure in Japan. Report from the Japanese 
Cardiac Registry of Heart Failure in Cardiology (JCARE- CARD). Circ J. 
2009;73:1442– 1447. doi: 10.1253/circj.CJ- 09- 0062

 31. MacDonald MR, Tay WT, Teng T- H, Anand I, Ling LH, Yap J, Tromp 
J, Wander GS, Naik A, Ngarmukos T, et al. Regional variation of mor-
tality in heart failure with reduced and preserved ejection fraction 
across Asia: outcomes in the ASIAN- HF registry. J Am Heart Assoc. 
2020;9:e012199. doi: 10.1161/JAHA.119.012199

https://doi.org/10.1002/clc.22260
https://doi.org/10.1093/eurheartj/ehm603
https://doi.org/10.1001/jama.300.4.431
https://doi.org/10.1161/CIRCULATIONAHA.114.012284
https://doi.org/10.1093/eurheartj/ehw331
https://doi.org/10.1016/S0140-6736(14)61889-4
https://doi.org/10.1093/eurjhf/hft045
https://doi.org/10.1002/ejhf.1227
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1002/ejhf.29
https://doi.org/10.1016/j.jchf.2013.12.007
https://doi.org/10.1111/j.0006-341X.2000.00554.x
https://doi.org/10.1002/ejhf.566
https://doi.org/10.1016/j.ijcard.2015.01.063
https://doi.org/10.2459/JCM.0000000000000100
https://doi.org/10.1253/circj.68.427
https://doi.org/10.4070/kcj.2016.0419
https://doi.org/10.4070/kcj.2016.0419
https://doi.org/10.1093/eurheartj/ehy005
https://doi.org/10.1161/CIRCHEARTFAILURE.112.972794
https://doi.org/10.1016/j.ejheart.2007.12.010
https://doi.org/10.1016/j.ejheart.2007.12.010
https://doi.org/10.4330/wjc.v4.i2.23
https://doi.org/10.1177/1179546817751609
https://doi.org/10.1161/CIRCHEARTFAILURE.113.001281
https://doi.org/10.1016/j.jchf.2019.06.013
https://doi.org/10.1016/j.jchf.2019.06.013
https://doi.org/10.1002/clc.20453
https://doi.org/10.1161/CIRCOUTCOMES.113.000221
https://doi.org/10.1161/CIRCOUTCOMES.113.000221
https://doi.org/10.1253/circj.CJ-09-0062
https://doi.org/10.1161/JAHA.119.012199


SUPPLEMENTAL MATERIAL



Table S1. Outcomes in patients with HFpEF (vs HFrEF), stratified by sex and geographical 
bloc. 

Outcomes at 1 year HFpEF HFrEF p-value
Number of patients  
By sex 

 Men 
 Women 

833 (50%) 
833 (50%) 

3508 (78.3%) 
971 (21.7%) 

<0.001 

By geographical bloc 
 Northeast Asia 
 South Asia 
 Southeast Asia 

738 (44.3%) 
456 (27.4%) 
472 (28.3%) 

1126 (25.1%) 
1355 (30.3%) 
1998 (44.6%) 

<0.001 

Number of deaths  
By sex 

 Men 
 Women 

46 (5.5%) 
39 (4.7%) 

388 (11.1%) 
86 (8.9%) 

0.776* 

By geographical bloc 
 Northeast Asia 
 South Asia 
 Southeast Asia 

22 (3.0%) 
13 (2.9%) 

50 (10.6%) 

78 (6.9%) 
109 (8.0%) 

287 (14.4%) 

0.036* 

All-cause hospitalizations 
 Patients with ≥1 readmission 
 By sex 

 Men 
 Women 

142 (17.1%) 
187 (22.5%) 

881 (25.1%) 
207 (21.3%) 

<0.001* 

 By geographical bloc 
 Northeast Asia 
 South Asia 
 Southeast Asia 

129 (17.5%) 
24 (5.3%) 

176 (37.3%) 

345 (30.6%) 
89 (6.6%) 

654 (32.7%) 

<0.001* 

HF hospitalizations 
 Patients with ≥1 readmission 
 By sex 

 Men 
 Women 

51 (6.1%) 
66 (7.9%) 

443 (12.6%) 
101 (10.4%) 

0.028* 

 By geographical bloc 
 Northeast Asia 
 South Asia 
 Southeast Asia 

29 (3.9%) 
5 (1.1%) 

83 (17.6%) 

135 (12.0%) 
34 (2.5%) 

375 (18.8%) 

<0.001* 

Composite of 1st HF hospitalization or all-
cause death 
By sex 

 Men 
 Women 

86 (10.3%) 
99 (11.9%) 

748 (21.3%) 
168 (17.3%) 

0.022* 

By geographical bloc 
 Northeast Asia 46 (6.2%) 192 (17.1%) 

<0.001* 



 South Asia 
 Southeast Asia 

18 (4.0%) 
121 (25.6%) 

135 (10.0%) 
589 (29.5%) 

Data presented are number (percentage). 

*p for interaction (sex x HF group, or geographical bloc x HF group)
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