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Abstract

Background Repeated hospitalization is a predictor of outcomes in heart failure, indicating the presence of symptoms, a
deteriorated condition at pre-admission, and worsened prognosis.

Objectives The current database study aimed to understand the clinical and economic burden of repeated hospitalizations
among patients with heart failure in Japan. The effect of repeated hospitalizations on the subsequent in-hospital mortality
was the primary objective; economic burden of heart failure after discharge was investigated as a secondary outcome.
Methods Between 2013 and 2018, administrative claims and discharge summary data of patients aged > 20 years and
diagnosed with heart failure were obtained from a Diagnosis Procedure Combination database maintained by Medical Data
Vision. Hospitalization, mortality, and economic burden data were analyzed.

Results This study included 49,094 patients. The mean length of the first hospital stay was 22.9 days. The in-hospital mortal-
ity rate was approximately 10%, with one to five repeated hospitalizations. The time interval between repeated hospitaliza-
tions for heart failure decreased with an increasing number of hospitalizations. In-hospital mortality did not increase even
with an increasing number of hospitalizations. The mean heart failure-related healthcare cost per patient was ¥564,281 +
990,447 (US$5178 + 9,088), 67.3% of which was hospitalization costs. Among hospitalization costs, other costs were high,
mainly for basic hospitalization fees (71.7%; ¥233,146/person-year).

Conclusions Repeated hospitalization did not increase in-hospital mortality; however, it may shorten the intervals between
heart failure-related hospitalizations, potentially caused by deterioration of the patient’s condition, and increase the clinical

and economic burden on patients.
Key Points

Repeated hospitalization was shown to be an important
predictor of outcomes in patients with heart failure.

The 2013-18 data showed that there was a 10% in-hospi-
tal mortality rate among patients who underwent one to
five repeated hospitalizations.

In-hospital mortality did not increase with the number of
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1 Introduction

Heart failure (HF) increases dramatically with advancing
age and has a prevalence of > 10% among individuals aged
> 70 years [1]. Japan has the largest growing elderly popu-
lation worldwide [2], and a prolonged life expectancy [3].
Consequently, the number of patients with HF has been
increasing rapidly, and it is expected to reach ~ 1.3 million
by 2030 [4-6]. Thus, the management of HF is of extreme
relevance and is expected to gain importance over time.

Several studies have revealed predictors of mortality
and morbidity in HF [7]. Patients with HF tend to pre-
sent with comorbidities, such as hypertension, diabetes
mellitus, and chronic kidney disease [8—11], which both
complicate treatment and increase morbidity and mortal-
ity. Guideline-directed medical therapy (GDMT) for HF
includes treatment with angiotensin-converting enzyme
inhibitors (ACEis), angiotensin II receptor blockers
(ARBs), p-blockers, and mineralocorticoid receptor antag-
onists (MRASs) [12]. Recent data have indicated that lower
doses (i.e., doses lower than the approved maintenance
dose) at discharge are also being prescribed in several
countries, including Japan [13]. Although dose increase
and prognosis are related, adequate knowledge about the
doses used in real-world settings is lacking.

Repeated hospitalization appears to be another impor-
tant predictor of HF outcomes, as the need for hospitali-
zation indicates a deteriorated condition at pre-admission
and worsened prognosis [14]. Specifically, a comparison
of groups of patients with or without frequent repeated
hospitalization who were admitted to hospital for HF
showed that repeated hospitalization was associated with a
five-fold increased mortality risk [15]. Moreover, repeated
hospitalizations have been identified as a general predictor
of worse prognosis for patients with HF [8, 16].

Many studies have reported the substantial economic
burden of HF [17-19]. A previous study from Japan
reported that 44% of the overall hospitalization costs in
acute major cardiovascular disease were attributable to
hospitalizations for HF, and the cost of a one-time hospi-
talization is US$8284 [20, 21]. Research has shown that
HF has one of the highest hospitalization rates [17], and
the length of stay in Japan (> 20 days) is longer than in any
other country [17], further increasing hospitalization costs.
Additionally, it is reported that higher costs do not neces-
sarily correlate with improved outcomes [22]. However,
no studies have evaluated the HF-related medical expenses
associated with long-term inpatient and outpatient treat-
ment that may lead to repeated hospitalizations. Further-
more, it is not clear which factors contribute to increased
or decreased HF-related medical expenses, including con-
tinuous hospitalization and outpatient care.
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Understanding the HF burden in Japanese patients is nec-
essary to estimate future global trends. Although patients
with HF experience repeated hospitalizations, little is known
about the longitudinal effect of repeated hospitalizations on
the long-term condition and prognosis of patients with HF
after discharge. Using a Japanese nationwide administrative
hospital database to evaluate continuous patient data col-
lected before and after hospital admission, we investigated
the long-term economic and clinical burden of repeated
hospitalizations for patients with HF. The effect of repeated
hospitalizations on in-hospital mortality, along with factors
affecting the number of hospitalizations, treatment patterns
of GDMT after discharge, the economic burden of HF after
discharge, and factors that affect economic burden after dis-
charge were investigated.

2 Methods
2.1 Study Design and Data Sources

This was a retrospective observational study using admin-
istrative claims data and discharge summary data collected
from an administrative database provided by Medical Data
Vision Co., Ltd. (Tokyo, Japan) between 1 September, 2013,
and 31 August, 2018. The study was approved by the Eth-
ics Review Committee of the nonprofit corporation Clini-
cal Research Promotion Network Japan (protocol numbers:
CLCZ696BJP01 and CLCZ696BJIP02).

The longitudinal database contains data collected from
over 400 acute care hospitals (with an average of 358 beds)
in Japan that are under the Diagnosis Procedure Combina-
tion/Per-Diem Payment System (DPC/PDPS). By August
2018, the database covered about 24.5 million patients
treated in 369 DPC hospitals across the country, represent-
ing approximately 21% of the total DPC hospitals in Japan.
This database has been widely used to research treatment
patterns, epidemiology studies, and health economic out-
comes research (https://en.mdv.co.jp/publication/).

The database-collected administrative claims informa-
tion included detailed data for inpatient and outpatient visits
(of previously hospitalized patients), patient demographics
(e.g., age, sex), diagnoses (coded according to the Interna-
tional Classification of Diseases, Tenth Revision), medi-
cal procedures, drugs prescribed, and laboratory data (for
approximately 10% of the hospitals), as well as other items
such as cost. The discharge summary data included patient
age and sex, height, objective of hospitalization, history of
hospitalization, patient outcomes including in-hospital mor-
tality, comorbidities at and during hospitalization, history
of smoking, the determination of New York Heart Asso-
ciation functional class at hospitalization for HF, diagno-
ses recorded using International Classification of Diseases,
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Tenth Revision codes, drugs prescribed (during hospitaliza-
tion, at discharge and outpatient visits), and other data items.

The index hospitalization was defined as the first HF-
related hospital admission during the data collection period,
and the index date was defined as the discharge date of the
first HF-related hospitalization. For analysis of the in-hos-
pital mortality of HF by the number of repeated hospitali-
zations, the baseline period was 180 days prior to the index
date. The interval time was the time elapsed between two
hospitalizations, indicating days alive and out of hospital.

When analyzing the economic burden of HF after dis-
charge, the baseline period was defined as the time between
the admission date for the first HF-related hospitalization
and the discharge (index) date. Follow-up was for 365 days
from the index date, including the discharge date.

2.2 Study Objectives

The primary objective of this study was to determine the
effect of repeated hospitalizations on the subsequent in-
hospital mortality. The secondary objectives were (1) to
investigate the factors affecting the number of hospitaliza-
tions, (2) to describe the treatment patterns of GDMT of
patients with HF in outpatient settings after discharge, (3)
to describe the economic burden of HF after discharge, and
(4) to investigate the factors affecting the economic burden
after discharge. Only patients with repeat hospitalizations
were included in this study.

2.3 Patients

For the primary objective, as well as secondary objectives 1
and 2, patients were included if they were aged > 20 years
on the index date; had the following index hospitalization
diagnosis codes: International Classification of Diseases-10
code I50x (indicating diseases with the highest healthcare
resource consumption) and DPC code 050130 (indicating
resource-intensive hospitalizations associated with HF); had
no hospitalization due to HF during the pre-index period;
and had observable periods of > 180 days before and > 1
day after the index date. Patients were excluded if their index
hospitalization outcome was death. Index hospitalizations
that were scheduled admissions (for examination, education,
or other purposes) were also excluded. This was achieved by
including only the hospitalizations registered under DPC
code 050130. Patients with no hospitalization during the
baseline period were excluded as they were not admitted
to the same hospital. The observable period was limited to
> 180 days before and > 1 day after the index date so that
patients with a short life expectancy were not excluded. The
rationale behind the 180-day cut-off was to include patients
who were as close to treatment naive as possible. Patients

who were not hospitalized during the 180 days before the
index administration were regarded as stable.

For the analysis of the economic burden of HF after dis-
charge (secondary objectives 3 and 4), the same inclusion
criteria were applied, but patients were excluded if they had
observable periods that were shorter than the post-index
period. A follow-up period of 365 days after the index date
would allow the evaluation of the economic burden of HF on
a cost per year basis. Patients could be enrolled for 1, 2, or
3 years. Figure 1 of the Electronic Supplementary Material
shows the attrition flowchart for the analysis of in-hospital
mortality of patients with HF and of HF-related healthcare
costs.

2.4 Study Measures

The in-hospital mortality of patients with HF by number
of repeated hospitalizations was analyzed as the primary
outcome. Repeated hospitalization refers to any hospitali-
zation (DPC code 050130 indicating resource-intensive
hospitalizations associated with HF) that occurred after the
index hospitalization. The number of HF-related hospitali-
zations during the study period, length of hospital stay, in-
hospital mortality, and average intervals between HF-related
hospitalizations were assessed. Baseline characteristic data
included items that evaluated patients’ state of frailty at
admission, such as the Charlson Comorbidity Index, given
that frailty has been associated with increased mortality rates
and healthcare utilization, including hospitalizations [23,
24]. Other baseline patient characteristics evaluated were
sex, age, body mass index, New York Heart Association
class, comorbidities, smoking history, activities of daily liv-
ing (ADL) score at discharge, treatments during the index
hospitalization, and drug prescriptions at discharge. These
factors were used as covariates to analyze the association
of patient baseline characteristics at the index hospitaliza-
tion with repeated hospitalizations and were chosen because
they have been linked to outcomes in previous studies [25,
26]. For the GDMT prescription pattern analysis, the median
(interquartile range) daily doses of the drugs prescribed for
chronic HF in Japan (ACEis [enalapril, lisinopril], ARBs
[candesartan], f-blockers [bisoprolol, carvedilol], MRAs
[spironolactone, eplerenone]) at the index date and the per-
centages of patients whose prescribed daily dose was lower
than the minimum maintenance dose were evaluated.

For the analysis of HF-related healthcare costs, we cal-
culated the annual health expenditure per patient after the
index date. The annual health expenditures for the first,
second, and third years were calculated for patients with
a > 3-year observable period after the index date. Factors
(baseline characteristics of the patients at the index hospi-
talization) associated with HF-related health expenditure
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after discharge were evaluated. Based on the exchange rate
on 2 December, 2019, ¥108.98 equaled US$1.

2.5 Statistical Analysis

To analyze factors (baseline characteristics of patients at
the index hospitalization) associated with repeated hospi-
talizations 30 days after the index date, a Poisson regression
analysis was used. For the analysis of the economic burden
of HF after discharge, a multiple regression analysis (REG
regression procedure in SAS) was conducted to evaluate the
independent variables (baseline patient characteristics) and
the dependent variable (logarithm of the HF-related health
expenditure per patient during 365 days after the index date).
A stepwise model was used to select the independent vari-
ables (slentry = 0.2, slstay = 0.2).

Categorical variables were reported as counts (n) and
percentages (%) of total patients. Continuous variables
were summarized as mean + standard deviation (25th per-
centile, 75th percentile, interquartile range, and minimum,
maximum).

A p-value of <0.05 was considered statistically signifi-
cant. The statistical analysis in both studies was performed
independently by Milliman Inc. (Tokyo, Japan) using SAS
software (version 9.4; SAS Institute Inc., Cary, NC, USA)
and Excel (version 2016; Microsoft Corporation, Redmond,
WA, USA).

3 Results

3.1 Prognosis of Patients with HF by the Number
of Repeated Hospitalizations

The demographic and clinical characteristics of 49,094
patients included in the analysis of prognosis of patients with
HF by the number of repeated hospitalizations are shown in
Table 1. The mean age was 79.6 + 10.8 years, and 52.4% of
patients (n = 25,747) were male. Patients aged > 80 years
accounted for 55.0% (n = 27,019) of the analysis population.
The most common comorbidity was hypertension (83.7%; n
=41,110). The mean length of index hospital stay was 22.9
+ 21.2 days. At discharge from the index hospitalization,
75.0% of patients (n = 36,816) were prescribed loop diuret-
ics; 48.4% (n = 23,778), B-blockers; 36.1% (n = 17,715),
MRAs; 30.8% (n = 15,129), ARBs; and 19.2% (n = 9408),
ACEis. The mean observable period after the index date
was 471.8 + 413.6 days. The mean number of HF-related
repeated hospitalizations and non-HF-related hospitaliza-
tions per patient during the observable period after the index
date was 0.5 + 0.0 and 1.0 + 1.5, respectively.

Overall, 30.1% of patients (14,800/49,094) experienced
HF-related repeated hospitalization. The distribution of
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Table 1 Demographic and clinical characteristics of patients included
in the analysis of prognosis of patients with heart failure by the num-
ber of repeated hospitalizations

Patient characteristics at index hospitalization N = 49,094
Age, years 79.6 +10.8
> 80 years 27,019 (55.0)
Sex, male 25,747 (52.4)
Body mass index?, kg/m2 228 +53
< 18.5 kg/m? 6855 (14.7)
NYHA functional class®
I 1784 (6.6)
il 7198 (26.8)
I 97438 (36.3)
v 8138 (30.3)

Comorbidities/etiology

Hypertension 41,110 (83.7)
25,681 (52.3)
23,064 (47.0)
22,407 (45.6)
14,206 (28.9)

13,153 (26.8)

Ischemic heart disease
Diabetes mellitus
Atrial fibrillation
Hyperuricemia

Valvular heart disease

Stroke 11,535 (23.5)
Dementia 4925 (10.0)
Chronic obstructive pulmonary disease 2491 (5.1)
Ventricular tachycardia 2155 (4.4)
Hyponatremia 915 (1.9)
Smoking history®, yes 14,029 (31.7)
Charlson Comorbidity Index 40+24
ADL score at discharge! 157+6.2
Length of hospital stay, days 229 +21.2

Treatments at index hospitalization
Diuretic® 35,012 (71.3)
26,899 (54.8)

18,945 (38.6)

Vasodilator®

Cardiac rehabilitation

Carperitide® 17,057 (34.7)
Vasodilator other than carperitide® 14,430 (29.4)
Inotrope® 7234 (14.7)
Intensive care unit 3266 (6.7)
Implantable cardioverter defibrillator 141 (0.3)
Cardiac resynchronization therapy 54 (0.1)

Drug prescription at discharge

Loop diuretic 36,816 (75.0)

B-blocker 23,778 (48.4)
MRA 17,715 (36.1)
ARB 15,129 (30.8)
ACEi 9408 (19.2)
Tolvaptan 6074 (12.4)
Thiazide diuretic 2409 (4.9)
Inotrope 2239 (4.6)

Data are presented as n (%) or mean =+ standard deviation

ACEi angiotensin-converting enzyme inhibitor, ADL activities of
daily living, ARB angiotensin II receptor blocker, MRA mineralocorti-
coid receptor antagonist, NYHA New York Heart Association

4 = 46,553
bn = 26,868
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Table 1 (continued)
‘n = 44,198
dn = 44,775

°The values indicate the number of patients who received these drugs
intravenously

HF-related repeated hospitalizations was right-skewed
(Fig. 1a): 9659 patients underwent only one HF-related hos-
pitalization, 2890 underwent two repeated hospitalizations,
and only four underwent 14 repeated hospitalizations. Over-
all, the length of hospital stay remained relatively constant at
approximately 22 days (Fig. 1b). The in-hospital mortality
rate was also relatively constant, at approximately 10%, from
the first to the fifth repeated hospitalization (Fig. 1c). The
time between HF-related repeated hospitalizations seemed to
decrease with increasing repeated hospitalizations (Fig. 1d).

Multivariate analysis results for factors correlated with
the number of HF-related hospitalizations are shown in
Table 2. By the Poisson regression analysis, there was a

a
—~ 100,000

10,000
1,000
100

10

Number of patients at each
hospitalization (logarithmic scale

1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 22

N 34294 9659 2890 1194 520 244 124 70 35 20 18 9 9 5 4 1 1 1

Total number of HF-related repeated hospitalizations

o

SD=1133

1004 I
80+
60+
40+

20+

Length of hospital stay (days)

0f st 2@ 3 4h H5h o gh 7 gh  gh 4Qh {{th 12h 130 {4t
N 49008 14,804 5145 2255 1061 541 207 173 103 68 48 30 21 12 7

Order of HF-related repeated hospitalizations

Fig. 1 Patients with the total number of heart failure (HF)-related
repeated hospitalizations (a); and length of hospital stay (b), in-
hospital mortality (c), and the time interval between repeated hospi-
talizations (d) by the order of HF-related repeated hospitalizations.
In a, N denotes the number of patients who had the total number of
HF-related repeated hospitalizations as indicated by the x-axis; thus,

positive correlation for age; male sex; body mass index
<18.5 kg/mz; ADL score at discharge; comorbidities
including diabetes mellitus, hyperuricemia, or ventricular
tachycardia; Charlson Comorbidity Index; prescriptions at
discharge of loop diuretics, tolvaptan, or inotropes; and thi-
azide diuretics. Dementia, squared Charlson Comorbidity
Index, and prescription of MRA at discharge were correlated
with the number of HF-related hospitalizations. In particu-
lar, ventricular tachycardia as a comorbidity and the use of
inotrope at discharge were strongly correlated with repeated
hospitalizations.

3.2 GDMT Prescription Patterns

Regarding GDMT, many patients prescribed ACEis
(45.0%; n = 7874) and p-blockers (33.0%; n = 15,222)
were receiving daily doses that were below the minimum
maintenance dose at the time of discharge of the index
hospitalization, while the majority (87.0%; n = 24,324) of
patients were receiving ARBs at a daily dose greater than

125
10.7
99 106 105 104 o4
87 88

6.8 6.7

In-hospital mortality (%)
S
1

qst ond  gd 4t G gh 7t gh  gh 40t {1t 42t {3t 14t

N 14804 5145 2255 1061 541 297 173 103 68 48 30 21 12 7

Mean age as of the 81 80 79 79 78 ” v 75 75 73 73 7 70 69
index date (SD) (10) (10) (10) (11) (10) (11) (10) (10) (10) (11) (10) (9) (8) 7)

Order of HF-related repeated hospitalizations

=}

600+

231
500

400+ "
141

300+ 110 106

84 7
200 85 71 84 "
53

1004 33

43

Mean interval between
HF-related hospitalizations (days)

0

qst ond  3d 4t gh gt 7t gh  gh 40t {1t 42 43t 14t

N 14,804 5145 2255 1061 541 297 173 103 68 48 30 21 12 7

Order of HF-related repeated hospitalizations

the total is exactly the number of patients included in this analysis (N
= 49,098). In b—-d, N denotes the number of patients at each turn of
repeated hospitalization, and thus, the total number of patients will
not add to 49,098. SD standard deviation. *The number ‘0’ denotes
no re-hospitalization (i.e., patients had only one hospitalization). *The
number ‘0’ denotes initial hospitalization
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Tab.Ie 2 Relatioqship between Parameter estimate Standard error p-Value
patient characteristics and the
numbe.r qf heart failure-related Patient background
readmissions Age, years 0.011 0.001 <0.0001
Sex, male 0.070 0.019 0.0002
Body mass index < 18.5 kg/m> 0.004 0.002 0.0462
ADL at discharge 0.029 0.002 < 0.0001
Comorbidities/etiology
Diabetes mellitus 0.065 0.021 0.0017
Dementia -0.273 0.048 < 0.0001
Hyperuricemia 0.169 0.026 < 0.0001
Ventricular tachycardia 0.512 0.049 < 0.0001
Charlson Comorbidity Index 0.150 0.013 < 0.0001
Squared Charlson Comorbidity Index —0.011 0.001 < 0.0001
Drug prescription at discharge
MRA —0.091 0.020 < 0.0001
Loop diuretic 0.105 0.023 < 0.0001
Tolvaptan 0.192 0.027 < 0.0001
Thiazide diuretics 0.141 0.038 0.0002
Inotrope 0.227 0.037 < 0.0001

ADL activities of daily living, MRA mineralocorticoid receptor antagonists

the minimum maintenance dose (i.e., within the recom-
mended dose range) (Fig. 2).

Additionally, a large percentage of the patients pre-
scribed MRAs (84.0%; n = 27,960) were receiving daily
doses that were below the minimum maintenance dose
(Fig. 2). Among patients who were prescribed a spironol-
actone 25-mg/day maintenance dose, 11.4% were receiv-
ing a dose lower than the approved maintenance dose
(Table 3).

ACEi ARB
3,642
(13.0%)

9,687 7,874

(45.0%)

(55.0%)

24,342
(87.0%)

3.3 Economic Burden of HF After Discharge

A total of 42,830 patients were analyzed to investigate the
economic burden of HF after discharge. The demographic
and clinical characteristics were broadly similar to those of
patients in the analysis for prognosis (Table 1 of the ESM).
The mean observable period after the index date was 2.3 +
1.0 years. The mean numbers of hospitalizations during the
observable period after the index date were 0.7 + 1.3 and 1.4

B-blocker

15,222
(33.0%)

(16.0%)

31,653

(67.0%) 27,960

(84.0%)

B Prescribed daily dose < minimum maintenance dose

I Prescribed daily dose =2 minimum maintenance dose

Fig.2 Dosing of guideline-directed medical therapy at discharge of the index hospitalization. ACEi angiotensin-converting enzyme inhibitor,
ARB angiotensin II receptor blocker, MRA mineralocorticoid receptor antagonist
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Table 3 Heart failure drug

. Drug (approved mainte- Patients, N Dose, median (IQR), mg Patients receiving less than the
}lsage at d1§ch?.rg§ from the nance dose, mg/day) approved maintenance dose, n
index h0§p1tallz§t10n (drug (%)
prescription at discharge)
Spironolactone (25 mg) 29,892 25.0 (25.0-25.0) 3409 (11.4)
Spironolactone (50 mg) 26,041 (87.1)
Carvedilol (5 mg) 23,518 5.0 (2.5-10.0) 9864 (41.9)
Carvedilol (10 mg) 16,829 (71.6)
Bisoprolol (1.25 mg) 22,649 1.9 (1.3-2.5) 4751 (21.0)
Bisoprolol (2.5 mg) 11,403 (50.3)
Enalapril (5 mg) 10,000 2.5(2.5-5.0) 5682 (56.8)
Candesartan (4 mg) 5098 4.0 (4.0-8.0) 814 (16.0)
Eplerenone (50 mg) 3481 25.0 (25.0-50.0) 1919 (55.1)
Lisinopril (5 mg) 380 10.0 (5.0-10.0) 50 (13.2)

IQR interquartile range

+ 1.8 for HF-related and non-HF-related hospitalizations,
respectively.

The annual healthcare cost per patient, including both
the HF-related and non-HF-related healthcare costs, was
¥1,513,926 per person-year (PY) [equivalent to 13,892
USD/PY], of which 62.7% (949,649 ¥/PY) was non-HF-
related healthcare costs. The mean HF-related healthcare
cost per patient was ¥564,281 + 990,447 (US$5178 + 9088),
of which 67.3% was hospitalization costs.

Of the total HF-related hospitalization costs, 57.7% were
other medical expenses (325,340 ¥/PY), of which basic hos-
pitalization fees contributed the most at 71.7% (233,146 ¥/
PY) (Fig. 3). However, the medical expenses per hospitali-
zation were similar, with similar ratios of direct and other
expenses (Fig. 4).

Table 4 shows the relationship between patient charac-
teristics and HF-related expenditure per patient after the
index date (multiple regression analysis). Factors signifi-
cantly associated with higher HF-related expenditures were
the length of hospital stay; presence of chronic obstructive
pulmonary disease, valvular heart disease, atrial fibrillation,
and hypertension; and the prescription of p-blockers and
tolvaptan at discharge. Factors significantly associated with
lower HF-related expenditures were the prescription of vaso-
dilators other than carperitide and ACEi/ARBs at discharge.
Particularly, the use of tolvaptan and comorbid hypertension
were strongly associated with HF-related expenditure.

4 Discussion

Herein, we report the results of an administrative data-
base study designed to estimate the burden of repeated
hospitalizations on patients with HF in Japan. The dis-
tribution of repeated hospitalizations for HF was right-
skewed, owing to a longer tail for increased frequency of

hospitalizations. The overall length of index hospital stay
remained relatively constant throughout the study period.
Moreover, patients with an increasing number of repeated
hospitalizations had shorter intervals between hospitali-
zations, suggesting a rapid deterioration and worsening
condition of their disease over time.

Unlike the present findings, in previous studies [14,
27], repeated hospitalizations were found to predict
mortality in the community population with HF. Other
registries conducted in Japan reported relatively low but
variable in-hospital mortality rates (1.3% in JASPER,
4.7% in WET-HF, 5.6% in JCARE-CARD, and 6.4% in
ATTEND) [28-30]. The reported in-hospital mortality
rates for patients with HF-related hospitalization were
20.5% in Europe and 8.3% in the USA [5]. However, it
is difficult to directly compare outcomes with previous
studies conducted in other geographic regions, owing to
dissimilarities in patient factors and healthcare regimens.

In our analysis, the in-hospital mortality rate remained
fairly constant (approximately 10%) for fewer than five
repeated hospitalizations during the study period, with
some variations in small numbers of patients. One reason
may be that we specifically measured the in-hospital mor-
tality rate because the lack of a follow-up in this study pre-
cluded measurement of the mortality rate after discharge.
Our study did not adjust for confounders related to hospi-
talization for HF; specifically, patients who were dead at
index hospitalization were excluded. However, those who
underwent frequent admissions to a hospital because of
HF may tend to be vulnerable, and such patients might die
in out-of-hospital settings. Previous studies have reported
that although hospital stays tend to be longer among
Japanese patients with HF compared with those in other
regions [17], these longer hospital stays were linked to
lower 1-year mortality and fewer readmissions [16, 30].

A\ Adis



384 S. Eguchi et al.

Outpatient care Examination,
184,690 12,432 (2.2%)
(32.7%)

Drug therapy,
/[~ 17,091 (3.0%)
Non-drug therapy,

24,728 (4.4%)

Other, o
Examination,

25,703 (7.9%)

Drug therapy,
16,945 (5.2%)

Non-dru

Drug therapy, therapy o
88,955 36.754
(15.8%) (11.3%)

Basic hospitalization fee,

Other medical 233,146
expenses, (71.7%)
325,340

(57.7%)

Consultation and

Examination, administration costs,

2(2?;)9) 5759 (1.8%)
|
Hospitalization
379,591
(67.3%)

Fig.3 Heart failure-related healthcare costs by outpatient care and hospitalization after the index date. Data are shown as Japanese yen/person-
year

Fig.4 Heart failure (HF) and 1,200,000
non-HF-related healthcare
costs by number of HF-related
repeated hospitalizations. For 1,000,000 -
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Table.4 Rel.ationship bet\fvef:n Parameter estimate Standard error p-Value
baseline patient characteristics
and heart failure-related health Patient background
expenditure per patient after the Sex. female 0.17 0.11 0.1393
index date ’
Body mass index < 18.5 kg/m? 0.26 0.18 0.1399
NYHA 0.1 0.06 0.0714
Comorbidities/etiology
Hypertension 0.71 0.16 <0.0001
Ischemic heart disease 0.24 0.12 0.0541
Diabetes mellitus 0.18 0.13 0.1523
Atrial fibrillation 0.53 0.12 <0.0001
Valvular heart disease 0.29 0.12 0.0181
Chronic obstructive pulmonary disease 0.62 0.28 0.0250
Ventricular tachycardia 0.61 0.24 0.0117
Charlson Comorbidity Index 0.06 0.02 0.0128
Treatment at index hospitalization
Length of hospital stay 0.01 0 0.0364
Intensive care unit —0.31 0.19 0.1115
Vasodilator other than carperitide —0.38 0.12 0.0022
Inotrope® 0.21 0.16 0.1798
Drug prescription at discharge
ACEi/ARB - 031 0.12 0.0089
p-blocker 0.32 0.12 0.0082
MRA -02 0.12 0.0874
Tolvaptan 0.84 0.22 0.0001
Laboratory test
eGFR 0.25 0.15 0.0875

ACEIi angiotensin converter enzyme inhibitor, ARB angiotensin II receptor blocker, eGFR estimated glo-
merular filtration rate, MRA mineralocorticoid receptor antagonists, NYHA New York Heart Association

#The values indicate the number of patients who received these drugs intravenously

We found that patients with an increasing number of
HF-related repeated hospitalizations were more likely to be
younger, male, have several comorbidities, including dia-
betes mellitus, hyperuricemia, or ventricular tachycardia,
be prescribed diuretics or inotropic drugs at discharge, and
have high ADL scores, among others. These findings are
aligned with the findings of a previous study [8] that char-
acterized the “frequent HF admitter” phenotype (more than
two admissions for HF per year) as younger male smokers
with higher burdens of comorbidities, including a history
of HF, chronic renal insufficiency, coronary artery disease,
prior myocardial infarction, atrial fibrillation, dyslipidemias,
diabetes mellitus, peripheral vascular disease, and chronic
obstructive pulmonary disease. Further, frequent HF admit-
ters were associated with adverse clinical outcomes and
a higher risk of future admissions [8]. It is unclear why
dementia was correlated with a reduced number of HF-
related hospitalizations. However, such patients tend to stay
in rehabilitation facilities for the elderly and are not gener-
ally admitted to hospitals equipped for critical care that are
covered in the database.

Although no multicenter real-world studies to specifically
examine drug dosing have yet been conducted in Japan, the
results of our analysis demonstrated that GDMT was not
adequately implemented. Many patients were prescribed
ACEis (45.0%) and B-blockers (33.0%) at lower doses
than the minimum maintenance dose. In contrast, 87.0% of
patients prescribed ARBs were receiving daily doses greater
than the minimum maintenance dose (i.e., within the recom-
mended dose range). The reasons underlying the high pro-
portion of ARB prescriptions above the maintenance dose
are unclear. However, ARBs, rather than ACEis, tend to be
prescribed for hypertensive patients in Japan, and the dosage
could be up-titrated. Another potential reason for this finding
is that ACEis are not up-titrated because of concern about
adverse events, such as cough.

This study found that MRAs were prescribed at doses
lower than the maintenance dose in 84.0% of patients.
An interesting observation was that of patients prescribed
spironolactone at a maintenance dose of 25 mg/day, only
11.4% were receiving a dose lower than the approved main-
tenance dose. The Japanese Circulation Society and the
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Japanese Heart Failure Society [31] recommend spironol-
actone 12.5 mg/day and eplerenone 25 mg/day as loading
doses. This may explain why 11.4% of patients prescribed
spironolactone 25 mg/day received a dose lower than the
maintenance dose. Another possible reason for the differ-
ences in the maintenance doses used could be the availability
of each drug, as drug stock-keeping units may be limited
depending on the capacity/available space of each pharmacy
and the proximity of each pharmacy to a hospital.

Real-world evidence obtained from patients hospitalized
with HF in 36 countries has shown that adherence to guide-
line dosing recommendations for HF medication is associ-
ated with improved outcomes (reductions in cardiovascular
events and lower mortality rates because of HF) [32]. Moreo-
ver, a randomized double-blind study with Japanese patients
with chronic HF reported a dose-dependent improvement
in risk reduction and HF-related hospitalization with a
B-blocker [33]. Therefore, medication prescription should
be monitored and increased in dosage, where possible, to
mitigate the negative effects of suboptimal dosing. A recent
publication has outlined a framework to promote physician
awareness of subtarget dosing and to increase adherence to
clinically recommended dosages with proven efficacy [34].
Overall, these findings are consistent with the underuse and
underdosing described in other registries evaluating medica-
tion therapy for HF [35, 36].

Of the HF-related healthcare costs per patient, high other
costs were observed, particularly for the basic hospitaliza-
tion fees (71.7%). Furthermore, the costs of HF-related hos-
pitalization (67.3%) were two-fold the costs of outpatient
care (32.7%). Some studies have reported that inpatient costs
are not associated with patient prognosis, but rather with
physicians decisions and an indication of high-cost proce-
dures, which are not necessarily related to improved patient
outcomes [18, 20, 22].

In terms of outpatient costs, healthcare costs associated
with HF treatment accounted for nearly half the total. These
HF-related expenses could potentially be reduced by making
more effective treatment choices. Current findings suggest
that the use of ACEi/ARBs and MRAs, which are expected
to improve the prognosis [37], was associated with a reduc-
tion in healthcare costs, whereas p-blockers, also consid-
ered to improve the prognosis in patients with HF [1, 38],
were suggested to be associated with increased healthcare
costs. As such, ACEi/ARB, MRA, and f-blocker use may be
factors influencing healthcare costs. Previous studies have
concluded that although prescription of some medications
may increase immediate costs related to drug treatments,
ultimately, these may result in lower overall total healthcare
costs [39]. Therefore, healthcare costs in our analysis may
have been elevated because the prognosis of patients with
HF was not improved following treatment with inotropic
drugs. Of note, the efficacy of short-term treatment with
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carperitide has not been widely validated for HF. In previous
Japanese studies, this drug was not associated with lower
in-hospital mortality rates, and patients who had a poor
response to this drug showed poor prognosis and worsening
of HF [40—42]. Thus, initial vasodilator drug choices must
be carefully considered in order to avoid potential increases
in healthcare costs.

It is also important to combine management approaches
to reduce the number of repeated hospitalizations as well
as HF-related healthcare costs. Some potential strategies
may include the intensification of treatment and a stricter
application of GDMT for HF. As the repeated hospitaliza-
tions observed in our analysis occurred frequently in young
patients with high ADL scores, and HF is a progressive
disease, these patients may be an appropriate target for the
intensification of treatment.

4.1 Study Limitations

This study had several limitations. First, the Medical Data
Vision database covered approximately 15% of acute hospi-
tals in Japan at the time of the analysis, potentially resulting
in selection bias. Second, missing echocardiography data
precluded analyses of left ventricular ejection fraction (EF).
Therefore, we were not able to distinguish from HF with
reduced EF, HF with midrange EF, and HF with preserved
EF, all of which have different pathophysiology. Third,
mortality data of patients with HF after discharge could not
be assessed, which precluded the assessment of a change
in overall mortality. Analysis was limited by censoring of
patients due to death or otherwise lost to follow-up. As each
patient in the Medical Data Vision database is identified
by an identification number individually assigned by each
institution, medical treatment prescribed at other institutions
is not traceable. Therefore, it is not possible to obtain infor-
mation about hospitalization and outpatient visits at other
facilities. Fourth, the outcomes in this study were limited to
inpatient and outpatient visits in the facility where patients
were hospitalized at the index hospitalization. Thus, the
costs of hospitalization and outpatient visits to medical insti-
tutions other than those from the index hospitalization are
not included in this analysis. Fifth, the database was limited
in that insurance claims data may be prone to error because
they are not collected specifically for research purposes; data
relevant to the study outcomes may have been incomplete
or inaccurate. For example, HF diagnosis and comorbidities
were identified using diagnostic codes; these are subject to
potential miscoding, which represents an inherent risk of
information bias. Finally, new HF drugs were approved in
Japan after the conclusion of the follow-up period of our
study; therefore, the effect of these new drugs should be
assessed in future studies.
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5 Conclusions

The present results suggest that repeated hospitalizations
for HF shorten the intervals between HF-related hospitali-
zations, which could reflect the deterioration or worsen-
ing of the patients’ HF status. However, the in-hospital
mortality rates after discharge in the studied population
remained relatively constant for fewer than five repeated
hospitalizations during the observed period. Hospitali-
zation costs accounted for most of the HF-related health
expenditures per patient, and the proportion of other costs,
such as basic hospitalization fees, was particularly high.
Treatment intensifications that reduce HF-related hospital-
izations may be essential in reducing the economic burden
of HF after discharge. It is worth further investigating the
effect of treatment intensification on repeated hospitaliza-
tions and associated costs in future interventional trials.
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