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Abstract

Aims The objective of this study was to estimate the nationwide annual incidence, healthcare utilization, and mortality
among hospitalized heart failure (HF) patients in Taiwan.

Methods and results People aged 20 years or older and having been newly admitted for HF between 2010 and 2015 were
identified from Taiwan’s National Health Insurance Research Database. For 124 816 patients with incident HF hospitalizations
between 2010 and 2012, we further analysed their treatment patterns, healthcare utilizations, and mortality during index
hospitalization and within 3 years following discharge from the index hospitalization. The age-stratified incidences were
declined by 10-20% in people aged 55 years or older, but increased by ~4% among people younger than 44 years old between
2010 and 2015. For all incident hospitalized HF patients, the percentages of patients visiting the emergency room, were
rehospitalized, and treated with guideline-directed medical therapy were highest in the first year. Approximately two-thirds
of subsequent hospitalizations were due to non-HF and non-cardiovascular causes. The all-cause mortality rate during index
hospitalization was 8.5%, whereas the mortality rates at 30 days, 90 days, 180 days, 1 year, 2 years, and 3 years following dis-
charge were 3.5%, 8.9%, 14.4%, 22.5%, 33.9%, and 42.8%, respectively, for those surviving index HF hospitalization.
Non-cardiovascular disease-related deaths accounted for nearly 60% of all deaths.

Conclusions  Our study reveals that, in contemporary Taiwan, the >10% annual mortality following the first year of hospital-
ization, 30% deaths occurring outside the hospital, and 60% non-cardiovascular-related deaths, along with the decreasing use
of guideline-directed medical therapy, highlight sectors requiring more attention.
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Introduction prevalence and incidence of HF and its temporal trends are

scarce, particularly in Asia.>* In the real world, the diagnosis

Heart failure (HF) is associated with substantial risks of hospi-
talization and mortality and is regarded as an emerging pan-
demic, with an estimated 26 million patients worldwide.?
To identify the management gaps and allocate healthcare re-
sources adequately for HF, contemporary population-level
epidemiology with longer-term follow-up information is of vi-
tal importance. However, studies regarding population-based

of HF is usually made on clinical grounds,® which casts doubts
on the reliability of population-based prevalence data. Hospi-
talization for HF, compared with HF diagnosed at outpatient
settings, is more reliable in disease ascertainment and a pow-
erful predictor of rehospitalization and mortality.®

In Taiwan, the crude incidence of HF hospitalization was
271 per 100 000 persons in 2005, according to the random
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sample of 1 million people from the National Health Insur-
ance Program.” However, patients with prior history of HF
were not excluded, and no adjustment for a standard
population was made, rendering comparisons with other
studies challenging. Recent epidemiological studies showed
a decreasing trend in standardized HF incidence in
Western countries,®® whereas there are no data from Asian
countries.* Prior hospital-based registries worldwide consis-
tently demonstrated that, in patients with HF hospitalization,
the risks of death and recurrent hospitalization are greatest in
the first 30 to 60 days after discharge, with rates approaching
15% and 30%, respectively.’®™ Nevertheless, there is a
paucity of data concerning longer-term (>2 years) outcomes
in patients with HF hospitalization, which might show an even
greater discrepancy between hospital-based registry and
population-level epidemiology given the various limitations
of chronic disease management in real life. Patients with HF
are often associated with frailty and malnutrition, portending
worse prognosis indirectly related to HF.** To assess the im-
pact of HF on morbidity and mortality comprehensively,
non-HF-related hospitalization, non-HF-related mortality,
and out-of-hospital mortality (deaths occurring outside the
hospital) should be emphasized as well.

The objective of the present study was to fill the
knowledge gaps regarding the current trends in the incidence
of hospitalized HF and its longer-term (3 years) outcomes
among patients newly hospitalized for HF from the 23 million
people of Taiwan from 2010 to 2015 by using the Taiwan’s
National Health Insurance Research Database (NHIRD). The
NHIRD contains nationwide claims-based data embedded
with comprehensive data on healthcare utilization.*® Through
this analysis, the gaps in real world management of HF
would appear.

Methods
Data source

We performed a population-based retrospective longitudinal
study based on data from Taiwan’s NHIRD between 1 January
2009 and 31 December 2015.

The NHIRD is a nationwide database comprising anony-
mous eligibility and enrolment information as well as claims
for visits, procedures, and prescription medications for more
than 99% of the entire population (23 million) of Taiwan.
Individual patients are recorded as entering the NHIRD when
they are covered by Taiwan’s National Health Insurance
system, which is a mandatory, single-payer health insurance
programme in Taiwan established in 1996. The NHIRD is orga-
nized by the government and operated by the National
Health Insurance Administration. For each visit, the NHIRD
has recorded dates (outpatient visits, admissions, and

discharges), medical resource utilization (outpatient and inpa-
tient visits), costs of services, medication prescriptions, and
up to five diagnoses according to the International Classifica-
tion of Diseases, 9th Edition (ICD-9 CM codes). The complete-
ness and accuracy of the NHIRD are ensured by the Ministry
of Health and Welfare and National Health Insurance
Administration and maintained by the Health and Welfare
Data Science Center. The database has been described in
detail elsewhere® and has been the source for numerous ep-
idemiological studies published in peer-reviewed journals.*
Mortality data obtained from the National Death Registry in
Taiwan were used to estimate all-cause and cause-specific
mortality rates according to the ICD, 10th Edition (ICD-10
CM codes). The accuracy of the coding has been validated
by previous studies.*®*”

Ethical statement

The identification numbers for all entries in the NHIRD were
encrypted to protect the privacy of individual patients. The
study protocol was approved by the Institutional Review
Board of the National Taiwan University Hospital (No.
201701105W).

Study population

This study is composed of two study designs, including a
cross-sectional survey for exploring the nationwide temporal
trends and a longitudinal cohort design for assessing the
long-term healthcare utilization and cause-specific mortality
in incident hospitalized HF patients in Taiwan.

For calculation of nationwide temporal trends, we identi-
fied adult patients, legally defined as aged 20 years or older
in Taiwan, who had been admitted for HF, defined as a hospi-
talization with either a primary diagnosis of HF or with one of
the first two secondary diagnoses being HF (ICD-9-CM codes:
402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13,
404.91, 404.93, 428, 428.0, 428.1, and 428.9), in each year
between 2010 and 2015 from Taiwan’s NHIRD. We defined
the incident cases of hospitalized HF as the first record of
HF in hospital admission record and no history of HF-related
hospitalization or outpatient visits during the previous 1 year.

To assess long-term healthcare utilization and
cause-specific mortality in hospitalized HF patients in
Taiwan, we identified incident hospitalized HF patients
between 2010 and 2012 as a cohort. The cohort entry date
was defined as the admission date of the incident HF hospi-
talization, and the index date was defined as the discharge
date of incident HF hospitalization. After cohort identifica-
tion, patients were followed from the index date to which-
ever of the following events came first: (i) death, (ii) the
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end of 3 year follow-up since index date, or (iii) the end of the
observation period (31 December 2015).

Measurement of healthcare utilization

We collected detailed information about health service use,
including pharmacological treatments, non-pharmacological
treatments, outpatient visits, emergency department visits,
and inpatient hospitalizations during the incident hospitaliza-
tion and within 1, 2, and 3 years after the index date (Table
7). To comprehensively understand the current treatment
performances of HF, the pharmacological treatment evalu-
ated in this study consisted of guideline-directed medical
therapy (GDMT), treatment for symptom targets, and treat-
ment for underlying diseases. The American College of Cardi-
ology Foundation/American Heart Association foundation
launched the term ‘GDMT’ to represent those Class | recom-
mended therapies defined by the American College of Cardi-
ology Foundation/American Heart Association in 2013. The
GDMT, currently deemed one of the major performance
measures for optimal treatment of HF, includes the use of
any beta-blockers, angiotensin-converting enzyme inhibitor
(ACEIl), angiotensin Il receptor blocker (ARB), loop diuretics,
thiazide diuretics, and aldosterone antagonist.’® To assess
the indirect impact of HF on morbidity, non-HF-related hospi-
talization, including hospitalization for other cardiovascular
diseases and other diseases (except HF and cardiovascular
diseases), was also analysed.

Measurement of mortality

To estimate all-cause and cause-specific mortality during inci-
dent HF hospitalization and within 30 days, 90 days, 180 days,
1 year, 2 years, and 3 years after the index date, we used the
National Death Registry in Taiwan, which records the cause of
death for all deceased citizens. Causes of death and their cor-
responding codes are presented in Table 2. In addition to the
overall mortality, in-hospital and out-of-hospital mortality
were also reported to assess the impact of HF on mortality
comprehensively. In-hospital mortality was defined as a
death in a patient who was hospitalized on the day of death.
Because a substantial number of patients would have termi-
nal discharge®® under critical conditions, which is also called
impending death discharge®® or going home to die?! and is
a traditional custom in Taiwanese society, patients discharged
within 3 days before the day of death were also considered as
in-hospital mortality.?® Out-of-hospital mortality, death
occurring outside the hospital, was defined as a death in a
patient who was not hospitalized within 3 days before the
day of death. A death in a patient brought to the emergency
room (ER) on the day of death was also defined as
out-of-hospital mortality.

Statistical analysis

Age-stratified (20-44, 45-54, 55-64, 65-74, 75-84, and
>85 years) and calendar year-stratified crude incidence rates
of hospitalized HF from 2010 to 2015 in Taiwan were re-
ported as estimates per 100 000 person-years at risk.
Age-standardized overall and sex-stratified incidence rates
were calculated annually using the direct standardized
method, and the standard population was from the World
Health Organization in 2000.>? Poisson regression adjusted
for age and calendar year was adopted to estimate the
relative risk of HF between men and women. The annual
percentage change in incidence between 2010 and 2015,
stratified by age and sex, was calculated by using Joinpoint
Trend Analysis software (National Cancer Institute, Bethesda,
Maryland, USA).%

Information on the baseline characteristics was retrieved
from claims data from outpatient and inpatient visits 1 year
prior to the index date. Data were presented as number (n)
and frequencies (%) for categorical data, mean and standard
deviation (SD) for normally distributed continuous data, or
medians and inter-quartile range for non-normally distrib-
uted continuous data.

Results

Trends in the incidence of hospitalized heart
failure from 2010 to 2015

The age-standardized, overall annual incidence of hospital-
ized HF decreased by 13% during the study period in
Taiwan (from 204.1 per 100 000 people in 2010 to 177.2
per 100 000 people in 2015) (P for trend <0.05), and the
overall decline was consistent across sex groups (Figure 1).
The incidence of hospitalized HF was 17% higher in men than
that in women in general [relative risk of incidence between
men and women = 1.17 (1.16, 1.18); P < 0.0001]. Because
of steeper declines in incidence in women during the study
period, the incidence of hospitalized HF was ~10% higher in
men compared with that in women in 2010 and was 25%
higher in men in 2015 (Figure I1). Age-stratified estimates
showed that the incidence declined by 13.1%, 19.8%,
18.9%, and 10.7% among people aged 55-64, 65-74, 75-84,
and 85+, respectively (P < 0.005, Figure 2). However, the in-
cidence remained the same for people aged 45-54 and even
increased by ~4% in people younger than 45 years old (P for
trend = 0.0108). Despite the decreasing trend in the
age-standardized incidence of hospitalized HF, the absolute
annual number of individuals presenting with incident HF
hospitalization increased by 3.6% (from 44 631 in 2010 to
46 109 in 2015).
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Figure 1 2010-2015 annual incidence of heart failure hospitalization in Taiwan, overall and sex stratified.
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Characteristics of patients with incident heart
failure hospitalization

We identified 124 816 patients with incident HF hospitaliza-
tion between 2010 and 2012 as a cohort and estimated their
healthcare utilization during index hospitalization and within
3 years after discharge. The detailed baseline characteristics
are summarized in Supporting Information, Table SZ2.
Mean age of patients at index hospitalization was 74.0 years
(SD 13.9), and 48.8% were women. Among these patients,
33.7% had ischaemic heart disease, 65.5% had hypertension,
19.9% had hyperlipidaemia, 37.1% had diabetes mellitus,
25.9% had chronic obstructive pulmonary disease, 17.5%
had nephropathy, 11.0% had atrial fibrillation, and 11.8%
had other cardiac dysrhythmias excluding AF.

Treatment patterns and healthcare utilization

The detailed information of treatment patterns and health
care utiliztion was summarized in Table 1. During the index

hospitalization, 85.8% of the 124 816 incident HF patients
had been treated with GDMT (25.7% received ACEl, 24.8%
received ARB, 35.2% received beta-blockers, and 27.0%
received aldosterone antagonist), and 77.2% had been
managed with treatments for symptom targets. Only 20.9%
of patients had been treated with both ACEI/ARB and
beta-blockers. The in-hospital mortality during the index
hospitalization was 8.5%.

In the first year, 97% and 62% of the incident hospitalized
HF patients had outpatient visits and ER visits, respectively.
The mean numbers of outpatient visits and ER visits were
34.5 (SD 24.4) and 3.0 (SD 3.7), respectively. The percentages
of patients having outpatient visits remained stable in the
second and third years, whereas the percentages of patients
having ER visits decreased to ~50%.

During the first year, the average number of admissions
was 2.3, with a median length of stay of 16 days, in
114 253 (91.5%) patients surviving the index hospitalization.
Hospitalizations directly related to HF constituted only 34%
of all hospitalizations, whereas 61% of hospitalizations were
due to non-HF and non-cardiovascular causes.
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Figure 2 2010-2015 incidence of heart failure (HF) hospitalization in Taiwan, age stratified. (A) Incidence of HF hospitalization in the entire population.
(B) Incidence of HF hospitalization in people aged <65 years. The incidence of HF hospitalization is stratified by age groups.
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During the second and third years, the average numbers of
admissions were similar to the number in the first year, but
the percentages of patients with recurrent hospitalizations
decreased (50.6% and 46.9% for 88 489 and 75 402 patients
surviving the first and second vyears, respectively). Only
29.3% and 25.3% of hospitalizations during the second and
third years were directly related to HF, whereas 64.6%
and 66.1% of hospitalizations were due to non-HF and
non-cardiovascular causes.

For pharmacological treatments, the percentages of pa-
tients treated with GDMT and receiving treatments for
symptom targets were both highest in the first year and
declined gradually in the second and third years. For instance,
the percentage of the combined use of ACEI/ARB and
beta-blockers was 20.9% during the index hospitalization,
37.9% in the first follow-up year, and 28.4% in the third
follow-up year. However, treatments for underlying diseases
such as statins, dipeptidyl peptidase-4 inhibitors, and new
oral anticoagulants increased across the years.

Mortality rates of incident hospitalized heart
failure patients

Among the 114 253 patients surviving the index hospitaliza-
tion, the 30 day, 90 day, 180 day, 1 year, 2 year, and 3 year
cumulative all-cause mortality rates were 3.5%, 8.9%,
14.4%, 22.4%, 33.9%, and 42.8%, respectively (Figure 3A
and Table 2). For the whole 124 816 incident hospitalized
HF patients, the index hospitalization, 30 day, 90 day,
180 day, 1 year, 2 year, and 3 year cumulative mortality rates
were 8.5%, 11.7%, 16.6%, 21.7%, 29.0%, 39.5%, and 47.7%,
respectively. The cumulative annual mortality was highest in
the first year (22.5%) and remained above 10% in the second
and third years (14.8% and 13.4% for 88 489 and 75 402 pa-
tients surviving the first and second years, respectively).
Notably, patients who died outside the hospital
(out-of-hospital death) accounted for ~30% of all mortality
cases (32.0%, 31.2%, and 30.9% of all deaths in the first,
second, and third years, respectively) (Figure 3B and 3C
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Figure 3 Three year overall, in-hospital, and out-of-hospital mortality rates after discharge from the index heart failure (HF) hospitalizations
(2010-2012) in Taiwan. (A) Three year overall mortality rates after discharge. (B) The cause-specific in-hospital mortality rate during the index hospi-
talization and 3 year in-hospital mortality rates after discharge from the index hospitalizations. (C) Three year cause-specific out-of-hospital mortality
rates after discharge.
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and Supporting Information, Figures S1I and S2).
Non-cardiovascular disease-related deaths accounted for
nearly 60% of all deaths during the entire study period. Ap-
proximately one-fourth of cardiovascular disease-related
deaths were due to ischaemic heart diseases, and another
one-fourth were HF related in general. The detailed informa-
tion about cause-specific in-hospital and out-of-hospital mor-
tality is shown in Supporting Information, Tables SZ and S2.

Discussion

Our study provides nationwide, ‘real-world’ longitudinal
follow-up estimates regarding annual incidence, healthcare
utilization, treatment patterns, and mortality among incident
hospitalized HF patients in contemporary Taiwan. There are
four major observations. First, the age-standardized inci-
dence of hospitalized HF declined over time during the study
period, especially in women and people aged 55 years or
older. However, the absolute number of incident hospitalized
HF increased slightly, mainly due to the more pronounced
increase in ageing populations. The slight increase in
age-standardized incidence of hospitalized HF in people youn-
ger than 45 years of age merits attention. Second, among pa-
tients with incident hospitalized HF, the average number of
admissions remained the same, while the proportions of pa-
tients with recurrent hospitalizations and ER visits decreased
across the years. This finding indicates that patients with re-
current hospitalization beget hospitalization, thus a much
higher risk. Third, we found that the cumulative 1 year mor-
tality (including deaths during index hospitalization) was
nearly 30% and the annual mortality remained above 10%
in the second and third years. The persistently high mortality
is in contrast to the decreased prescription of GDMT across
the years. Finally, it is noteworthy that ~30% of deaths oc-
curred outside the hospital and 60% of deaths were due to
non-cardiovascular causes across the years. These sectors
are often overlooked in clinical cares of HF from the country’s
perspective.

Incidence trends in hospitalized heart failure
patients

There are several recent nationwide studies investigating the
disease burden of HF worldwide that are similar to our study.
Christiansen and colleagues reported a decreased incidence
of new HF hospitalization among patients older than 50 years
from 1995 to 2012 by using the Danish nationwide database.’
They also noted an increased incidence in the younger popu-
lation. There are other similar findings between our work and
the study of Christiansen et al. First, they found that the
mean age of incident HF hospitalization of men was younger

than that of women (men: 72 vs. women: 78 years). In our
study, the mean age at incident HF hospitalization was 72
and 76 years for men and women, respectively. Second, the
percentage of female HF patients decreased from 49% in
1995 to 44% in 2012 in Demark. In our study, the percentage
of women in the incident HF population decreased from 51%
in 2010 to 49% in 2015. Third, the percentage of younger
(<50 years of age) patients in the HF population doubled from
3% in 1995 to 6% in 2012 in Demark, while the proportion of
HF patients younger than 45 years increased from 3.4% in
2010 to 3.9% in 2015 in our cohort. Recently, Conrad et al.®
assessed the temporal trends in incidence of HF, based on
both inpatient and outpatient diagnoses from the Clinical
Practice Research Database in the UK. From 2002 to 2014,
the age-standardized incidence of HF also decreased from
358 to 332 per 100 000 person-years. Likewise, the absolute
number of new HF patients increased from 750 127 to
920 616. Overall, the findings about the decreasing trend in
the age-standardized incidence of HF and the increased abso-
lute number of incident HF patients were consistent across
studies. The increase in incidence of HF in younger people
could result from suboptimal awareness and less effective
control of cardiovascular risk factors.

Treatment patterns

The prescription of all kinds of GDMT was still suboptimal in
contemporary Taiwan. Compared with previous studies eval-
uating GDMT in HF populations, the prescription of com-
bined ACEI/ARB and beta-blockers was almost half of that
in the USA (61%)?* and in older Japanese patients (67%),%
but was similar to that in patients in India (30%).2° Further,
we showed that the use of these medications was more fre-
quent in the first year and then declined in the second and
third years. The declining trend in GDMT use is consistent
with the declining proportions of patients with recurrent
hospitalization and mortality. However, the annual rates of
both recurrent hospitalization (>45%) and mortality
(>10%) following 1 year after index hospitalization are still
high. In other words, the warranty for freedom from recur-
rent hospitalization and mortality does not exist within
3 years following HF hospitalization. Efforts focusing on phy-
sicians and patients to enhance the long-term adoption of
GDMT in patients with incident HF hospitalization should
be exerted. In situations with improvements of haemody-
namic status in HF patients, physicians should implement
complete GDMT, which might not be tolerable initially,
and uptitrate the doses to the optimal levels, rather than
be inert to adjust or even withdraw GDMT.*®?’ Long-term
adherence to GDMT should be emphasized and routinely
assessed for every HF patient no matter how stable he or
she looks like.?®
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Healthcare utilization

In contrast to the suboptimal prescription of GDMT, over 97%
of incident HF patients had an average 35 outpatient visits
annually throughout the 3 year follow-up period, which re-
flects the effective coverage of national health insurance pro-
gramme in Taiwan. However, the extensive outpatient visits
among patients with HF did not translate into better out-
comes. In this nationwide claim-based study, we showed a
high first-year readmission rate of 62.8%. This number is sim-
ilar to the 59% first-year readmission rate in the claim-based
population-level study of patients with incident hospitaliza-
tion for HF in the Italian region of Lombardy in 2011.%°
Despite a decreasing trend in recurrent hospitalization and
ER visits across the years, the readmission rate herein
remained 46.9% at the third year following index hospitaliza-
tion, which is even higher than the 10-44% first-year read-
mission rates observed in registry-based studies.'*?°

Regarding the causes of readmission, it is noteworthy that
60-66% of readmissions were due to non-cardiovascular
causes across the 3 year follow-up period, whereas the pro-
portions of readmissions directly due to HF declined from
one-third in the first year to one-fourth in the third year. This
finding is similar to the observation obtained among incident
HF patients in Olmsted County from 1987 to 2006, which
showed that 62% of readmissions were attributed to
non-cardiovascular causes.?® These findings indicate that
non-cardiovascular co-morbidities make an important contri-
bution to the burden of recurrent hospitalization in patients
with HF. Both cardiovascular and non-cardiovascular
co-morbidities should be meticulously managed to amelio-
rate the grave prognosis of HF.

Mortality

We found an 8.5% mortality rate during the index hospitaliza-
tion among the incident hospitalized HF patients. This result
is similar to those reported in a recent review, which showed
that in-hospital mortality varied from 3% to 10% in
multicentre HF registries and nationwide database.!* Our
finding regarding the mortality rate of 22.5% in the first year
after HF discharge echoes previous studies in other
countries.?>3? Chen et al*® conducted a nationwide
cross-sectional study in the USA and reported that the
risk-adjusted 1 year mortality in prevalent hospitalized HF pa-
tients was 31.7% in 1999 and 29.6% in 2008. Yeung et al.*
conducted a population-based cross-sectional study in On-
tario, indicating that the 30 day and 1 year mortality rates
were ~16% and 34% for hospitalized HF patients. In general,
the 1 year mortality following discharge from HF hospitaliza-
tion ranges from 9% to 34% among studies”!! and shows
no definite evidence of declining worldwide.

Our study further examined the 3 year longitudinal
changes in the mortality in incident hospitalized HF patients.
We herein showed that the mortality in the second and third
years remained substantial (14.8% and 13.4% for surviving HF
patients, respectively). According to official information from
the Taiwanese government,®* the annual mortality rate was
0.7% in the general population. The remaining >10% annual
mortality within 3 years following hospitalization in HF pa-
tients highlights the importance of continued GDMT optimi-
zation and adherence in the long run.

There are another two features regarding mortality in HF
patients worth mentioning. First, deaths due to
non-cardiovascular causes accounted for nearly 60% of all
deaths among our HF patients. This finding is consistent with
the 60-66%  readmissions being  attributed to
non-cardiovascular causes and reminds us that, in addition
to GDMT, non-cardiovascular co-morbidities should be prop-
erly managed. Second, a consistent 30% of deaths occurred
outside the hospital during the 3 year follow-up period. Even
though the exact nature of these ‘out-of-hospital’ deaths was
not certain, we assume that sudden cardiac death may con-
tribute substantially. To curtail out-of-hospital death, optimi-
zation of GDMT and more widespread adoption of
implantable cardioverter defibrillator (ICD) in symptomatic
HF with reduced ejection fraction (HFrEF) patients should
be emphasized. Because of the limitation in reimbursement
criteria in Taiwan, there were only <1% HF patients undergo-
ing ICD implantation throughout 3 year follow-up period.

Strengths and limitations

The major strength of this study is that this is the first study
to use a contemporary population-level, country-specific da-
tabase to explore the temporal trends in the incidence of hos-
pitalized HF and to assess the longitudinal healthcare
utilization, treatment patterns, and modes and causes of
mortality within 3 years after the incident HF hospitalization
in the Asian population. Most studies regarding the epidemi-
ology of HF reported only the incidence and mortality and did
not examine treatment patterns, healthcare utilization, and
modes of mortality. Considering the high disease burden of
HF worldwide and limited HF epidemiology information in
Asia, results from this study fill this knowledge gap and could
be more reliably generalized to other Asian countries and
ethnic Chinese populations, compared with other surveys
and registries. Further, the experiences learned from this
study, like low GDMT implementation and persistently high
rehospitalization and mortality despite high frequencies of
outpatient visits, could be referenced for countries with sim-
ilar universal health coverage and be taken as an example to
refine the medical care of HF in a country-specific manner.
There are several limitations in this study. First, because
there is no validation study to assess the accuracy of the
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diagnostic codes for HF in outpatient claims in the NHIRD, our
study only focused on hospitalized HF patients. In other
words, the interest of our study is in new HF hospitalizations
rather than de novo HF. To avoid including patients with re-
current HF hospitalizations, those with either inpatient or
outpatient diagnoses of HF in the previous 1 year were ex-
cluded. Given the >97% rates of outpatient visits in patients
with HF in Taiwan, the inclusion of patients with prior HF
should be very limited in this study. Second, owing to the ad-
vances in pharmacological treatment, the proportion of HF
patients managed exclusively in the outpatient setting is in-
creasing. Hence, inpatient data could not capture all HF cases,
particularly for milder ones. Third, because of the lack of in-
formation about left ventricular ejection fraction and other
laboratory data like N-terminal pro-brain natriuretic peptide,
we could not assess disease severity and distinguish the types
of HF (preserved, mid-range, or reduced ejection fraction).
This not only limits the comparability of this study but also
prevents us from assessing whether more accurate ways of
diagnosing HF could partly explain the decreasing trend in in-
cidence of HF hospitalizations during these years. Fourth, we
included only adult patients in this study, which precludes the
applicability of our findings to non-adult populations.
Finally, because terminal discharge (going home to die) is a
well-adopted tradition in Taiwan, we therefore adjusted our
definition of in-hospital mortality as death occurring during
hospitalization or within 3 days after discharge. Therefore,
some HF patients who died outside the hospital might be er-
roneously assigned as in-hospital deaths. The average 30%
out-of-hospital mortality across the 3 year follow-up period
might be underestimated.

Conclusions

By analysing  the population-level, claim-based,
country-specific NHIRD in Taiwan between 2010 and 2015,
we showed a decreasing trend in the standardized annual
incidence of HF hospitalization in people aged 55 years or
older. On the other hand, both the standardized annual in-
cidence of HF hospitalization in patients younger than
45 years of age and the absolute annual number of incident
HF hospitalizations remain increasing, thus portending a
rising burden on health care. The persistently high
annual rates of mortality (>10%), mortality due to
non-cardiovascular causes (~60% of all deaths), mortality oc-
curring outside the hospital (~30% of all deaths),
recurrent hospitalization (~50%), and hospitalizations due
to non-cardiovascular causes (>60% of all hospitalizations)
in the second and third years following initial HF hospitaliza-
tion highlight the substantial unmet needs in HF manage-
ment in Taiwan, where the universal health coverage
programme has been successfully implemented for decades.

Our findings suggest that, in addition to more complete and
widespread adoption of GDMT in patients with HF, the
more appropriate use of ICD and control of
non-cardiovascular risk factors should be emphasized to fur-
ther curtail the healthcare burden of HF and improve its
grave prognosis.
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