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Purpose: Heart failure (HF) is a serious public health burden that is rapidly increasing in the aging population. Valvular heart disease
(VHD) is a known etiology of heart failure (HF); however, the impact of VHD on outcomes of patients with HF has not been well-
studied in Japan. This study aimed to determine the rates of VHD in Japanese patients admitted for HF and explore associations of
VHD with in-hospital outcomes through a claim-based analysis.

Patients and methods: We analyzed claims data from 86,763 HF hospitalizations (January 2017 through December 2019) from the
Medical Data Vision database. Common etiologies of HF were examined, then hospitalizations were categorized into those with VHD
and those without. Covariate-adjusted models were used to explore the association of VHD with in-hospital mortality, length of stay,
and medical cost.

Results: Of 86,763 hospitalizations for HF, 13,183 had VHD and 73,580 did not. VHD was the second most frequent etiology of HF
(15.2%). The most frequent type of VHD was mitral regurgitation (36.4% of all hospitalizations with VHD), followed by aortic
stenosis (33.7%) and aortic regurgitation (16.4%). There was no significant difference in in-hospital mortality between hospitalizations
with VHD vs those without (9.0% vs 8.9%; odds ratio [95% CI]: 1.01 [0.95-1.08]; p=0.723). Hospitalizations with VHD were
associated with significantly longer length of stay (26.1 vs 24.8 days; incident rate ratio [95% CI]: 1.05 [1.03-1.07]; p<0.001) and
higher medical costs (1536 vs 1195 thousand yen; rate ratio [95% CI]: 1.29 [1.25-1.32]; p<0.001).

Conclusion: VHD was a frequent etiology of HF that was associated with significant medical resource use. Future studies are needed
to investigate whether timely VHD treatment could reduce HF progression and its associated healthcare resource utilization.
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Introduction
Heart failure is a major clinical and public health burden affecting more than 26 million adults worldwide.'”> The
incidence and prevalence of heart failure increases with age, occurring in approximately 2% of adults aged over 60 years
and doubling in prevalence with each decade of life.** Elderly heart failure patients tend to demonstrate complex
comorbidity profiles that increase their risk for worse outcomes.’

Japan has the highest proportion of elderly patients in the world, with 27.7% of the population over the age of 65.°
The number of patients with heart failure in Japan is rapidly increasing as the population ages and is estimated to exceed

1.3 million by 2030.”* Japanese patients with acute heart failure who are elderly (75-84 years) and super-elderly (>84
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years) have a higher all-cause mortality risk than non-elderly patients.” The economic burden of heart failure in Japan is

high, as heart failure patients tend to be hospitalized repeatedly.'®!!

12:13 accounting for the second most

Valvular heart disease (VHD) is one of the causative diseases of heart failure,
common etiology in Japan (11.8-28.1%) following ischemic heart disease (26.7—56.5%).'* Recent observational studies
in Europe'® and Canada'® suggest that patients who present with both heart failure and VHD have significantly worse
outcomes compared to patients with heart failure and no VHD. However, there are limited Japanese data on the
frequency and types of VHD,'*'” although it is likely increasing due to the rapidly aging population.

The prognosis of severe symptomatic VHD is poor if left untreated'®'? and the progression of VHD can lead to
additional healthcare costs.?’ A variety of treatment options exist for VHD, including medical management, percutaneous
dilation, and valve replacement or repair.'® Less invasive surgeries and transcatheter treatments, which have shown good
outcomes in heart failure patients with VHD,?'** have recently become available in Japan.”> However, patients with
VHD often remain undiagnosed due to a latent and asymptomatic period and the majority of patients do not undergo
treatment.**2¢

Early diagnosis and treatment of VHD could potentially decrease the number and severity of heart failure hospitaliza-
tions, and/or associated healthcare resource utilization, by preventing the progression of heart failure. Yet, there are few
previous reports describing in-hospital outcomes for patients admitted for heart failure with or without VHD in Japan.'*
There is an urgent need for analysis of real-world data to develop insight into the frequency of VHD in Japan and the
association between VHD and outcomes for patients with heart failure. Such population-level observations could identify
novel potential strategies to slow or prevent heart failure progression.

Our objective was to conduct a claims-based analysis in Japan to determine the rates of VHD in patients admitted for
heart failure, explore associations of VHD with in-hospital outcomes and healthcare resource utilization, and identify

potential opportunities to optimize patient care and resource use.

Methods

Data Source

This was a retrospective study using a Japanese administrative claims database provided by Medical Data Vision (MDV)
Co. Ltd. (Tokyo, Japan). The MDV database is derived from hospitals accredited as providing acute care services in
Japan and participating in the Diagnostic Procedure Combination / Per-Diem bundled payment system (termed DPC
hospitals). As of April 1, 2019, the MDV database included anonymized data from 380 contracted hospitals, representing
22% of the 1727 DPC hospitals in Japan.”’ The database includes records of patient demographics, diagnoses,
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procedures, prescriptions, inpatient and outpatient visits, clinical indicators, reimbursements, and discharge summary
data. It utilizes patient identifiers that are unique to each hospital, which prevents tracking of patients between hospitals.
This study was approved by the ethics committee of the University of Tokyo.

Study Population
The study population for the main analysis included all adult (>20 years) heart failure hospitalizations with admission
dates from January 2017 through December 2019. A heart failure hospitalization was defined via International
Classification of Diseases (ICD)-10 code I50 (heart failure) recorded as the primary diagnosis, the diagnosis with the
largest medical expense, or the diagnosis leading to the hospitalization. For patients admitted for heart failure multiple
times, all hospitalizations during the study period were analyzed.

Hospitalizations with cardiac arrest or end stage renal disease at admission were excluded because they have a very
poor prognosis, and they are relatively rare. Hospitalizations were also excluded if they had missing data. All diagnoses
used in this study were confirmed diagnoses and based on diagnosis codes, provided in Supplemental Table 1. After

exclusions, hospitalizations were examined for three of the most common etiologies of heart failure (VHD, ischemic
heart disease, and cardiomyopathy) and results were reported for each. If a hospitalization had multiple etiologies, it was
counted under each type.

Patient Classification

The study population was categorized into those with VHD at admission and those without. VHD at admission was
defined as any hospitalization with a comorbid diagnosis of VHD, except if VHD was the secondary diagnosis or
a diagnosis acquired after admission. VHD comorbidities were further categorized into 8 subsets based on the 4 types of
valves (aortic, mitral, tricuspid, or pulmonary) and the 2 types of disease (regurgitation or stenosis), as identified by
Standard Diseases Names. Rates and types of invasive treatment for VHD (surgical or transcatheter) were described
using procedure codes, provided in Supplemental Table 2.

Outcomes and Covariates

The primary outcomes were in-hospital mortality, length of stay (LOS), and medical cost of the hospitalization. In-
hospital mortality was defined as death listed as the discharge status. Medical cost was defined as the hospital payment
amount based upon the national fee schedule in DPC hospitals.

All outcome models were adjusted using 15 covariates, which were included because they are common cardiac risk
factors: etiology of heart failure (ie, VHD, ischemic heart disease, and/or cardiomyopathy), age, sex, BMI, smoking
index (Brinkman Index; cigarettes per day times smoking years), activities of daily living (ADL) at admission (maximum
score is 20), emergency hospitalization, hypertension, diabetes, CKD, dyslipidemia, atrial fibrillation, and hospital size
(ie, small size [<199 beds], mid-size [200—499 beds], or large size [>500 beds]).

Statistical Analysis

Patient demographic and risk characteristics at baseline, reported for patients with and without VHD, were used to assess
baseline differences between groups. Baseline differences were evaluated using chi-squared tests for binary and
categorical data and Wilcoxon rank-sum tests after examining normality for continuous data.

For the subset of hospitalizations with VHD, descriptive statistics were used to report the prevalence of the other heart
failure etiologies, the types of VHD, and the rates of VHD treatment.

A generalized estimating equation (GEE) model was used to evaluate the association of VHD and patient and hospital
characteristics with each of the outcomes, as it allows for adjustment for repeat patient hospitalizations. The probability
of death was modeled assuming a Bernoulli distribution and the logit link function and reported as an odds ratio (OR).
For the utilization outcomes, the models assumed a Poisson distribution for the log of LOS and a gamma distribution for
the log of cost and were reported as incident rate ratios (IRR) and rate ratios (RR), respectively. Additionally, for each
outcome, means and 95% confidence intervals (CI) were plotted based on both unadjusted and covariate-adjusted model
results.
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A sensitivity analysis was conducted using the same GEE models as the main analysis to assess the effect of using
clinical imputation rather than exclusion to manage missing values. In the sensitivity analysis, median values were
imputed for missing values at admission of ADL, height, weight, or smoking index.

Statistical significance was considered at p<0.05 for all testing.

Results

Patient Characteristics

A total of 133,936 heart failure hospitalizations were identified from January 2017 through December 2019 (Figure 1).
After exclusions, the final cohort included 86,763 hospitalizations, of which 13,183 (15.2%) had VHD at admission and
73,580 (84.8%) did not.

The mean age of patients was 81 years and 51% were male (Table 1). The heterogeneity between the VHD and no
VHD groups was evident, as all demographics and risk characteristics were significantly different between groups. The
VHD group had significantly higher mean age and ADL, as well as lower mean BMI and smoking index. The VHD
group also had a lower proportion of males and lower rates of ischemic heart disease, cardiomyopathy, hypertension,
diabetes, CKD, and dyslipidemia, but significantly higher rates of emergency hospitalization and atrial fibrillation.
Hospital size was significantly different between groups, with more small hospitals (<199 beds) in the group without
VHD and more mid-size hospitals (200499 beds) in the group with VHD.

Etiologies of Heart Failure and Types of VHD
Of the three common etiologies of heart failure that we examined, the most frequently observed was ischemic heart
disease (25.6%), followed by VHD (15.2%), and cardiomyopathy (4.5%) (Figure 2A).

Of all patients admitted for heart failure with VHD, examination of the common heart failure etiologies showed that
most patients (77.3%) had only VHD (Figure 2B). VHD was less frequently observed with ischemic heart disease
(19.2%) or with cardiomyopathy (3.0%). A small proportion of hospitalizations (0.4%) had all three etiologies (ie, VHD,
ischemic heart disease, and cardiomyopathy).

N=133,936 Heart failure hospitalizations
January 2017 — December 2019

N=47,173 Hospitalizations excluded:
N=2 Duplicate
N=9,236 Missing ID or admission date
N=18,478 Missing, unknown, or outlier data for ADL
N=9,579 Missing, unknown, or outlier data for height
N=5,469 Missing, unknown, or outlier data for weight
N=14,642 Missing, unknown, or outlier data for smoking index

N=45 Missing, unknown, or outlier data for emergency flag
N=250 Under the age of 20 years
N=564 Cardiac arrest at admission

N=5,368 End stage renal disease

N=86,763 Hospitalizations after exclusions

v v

N=13,183 Hospitalizations with VHD N=73,580 Hospitalizations without VHD
comorbidity at admission comorbidity at admission

Figure | Attrition diagram. For patients admitted for heart failure multiple times, all hospitalizations during the study period were analyzed. Due to overlap between the
exclusion groups, the sum of the exclusions was not equal to the total number of hospitalizations excluded.
Abbreviations: ADL, activities of daily living; VHD, valvular heart disease.
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Table | Baseline Characteristics of Heart Failure Hospitalizations Overall and Stratified by the Presence

or Absence of Valvular Heart Disease

Characteristics Overall With VHD Without VHD p-value*
Patients, no. 86,763 13,183 73,580
Age (years) <0.001
Mean (SD) 80.6 (11.9) 82.4 (10.8) 80.2 (12.1)
Median (QI, Q3) 83.0 (75.0, 89.0) | 85.0 (77.0, 90.0) | 83.0 (74.0, 89.0)
BMI (kg/m?) <0.001
Mean (SD) 22.7 (16.2) 21.9 (4.4) 22.8 (17.5)
Median (QI, Q3) 22.1 (19.5,25.1) | 21.5 (19.1,24.2) | 22.2 (19.6, 25.2)
Smoking index <0.001
Mean (SD) 257.5 (647.8) 187.4 (441.7) 270.1 (678.2)
Median (QI, Q3) 0.0 (0.0, 340.0) 0.0 (0.0, 25.0) 0.0 (0.0, 400.0)
ADL 0.010
Mean (SD) 11.0 (8.2) 11.2 (8.1) 10.9 (8.2)
Median (QI, Q3) 11.0 (1.0, 20.0) 12.0 (2.0, 20.0) 11.0 (1.0, 20.0)
Male, n (%) 44,085 (51%) 5335 (40%) 38,750 (53%) <0.001
Emergency hospitalizations, n (%) 59,938 (69%) 9223 (70%) 50,715 (69%) 0.018
Ischemic heart disease, n (%) 22,183 (26%) 2593 (20%) 19,590 (27%) <0.001
Cardiomyopathy, n (%) 3923 (5%) 456 (3%) 3467 (5%) <0.001
Hypertension, n (%) 44,724 (52%) 6580 (50%) 38,144 (52%) <0.001
Diabetes, n (%) 24,280 (28%) 2365 (18%) 21,915 (30%) <0.001
CKD, n (%) 14,243 (16%) 2042 (15%) 12,201 (17%) 0.002
Dyslipidemia, n (%) 18,075 (21%) 2125 (16%) 15,950 (22%) <0.001
Atrial fibrillation, n (%) 31,599 (36%) 5296 (40%) 26,303 (36%) <0.001
Hospital beds, n (%) <0.001
<199 Beds 9927 (11%) 1309 (10%) 8618 (12%)
200499 Beds 51,932 (60%) 8057 (61%) 43,875 (60%)
2500 Beds 24,904 (29%) 3817 (29%) 21,087 (29%)

Notes: *p-values were calculated using Wilcoxon rank-sum tests for continuous data and chi-squared tests for categorical data.
Abbreviations: ADL, activities of daily living; BMI, body mass index; CKD, chronic kidney disease; SD, standard deviation; VHD, valvular
heart disease.

The most common type of VHD was mitral regurgitation (36.4% of all hospitalizations with VHD), followed by
aortic stenosis (33.7%) (Figure 3). Other types of VHD were aortic regurgitation (16.4%), tricuspid regurgitation (7.3%),

and mitral stenosis (2.5%). Pulmonary stenosis, pulmonary regurgitation, and tricuspid stenosis occurred at very low
rates (<0.1%).
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Figure 2 Common etiologies of heart failure. (A). Percentage of patients admitted for heart failure with common heart failure etiologies. Patients with multiple etiologies of
heart failure were counted under each type. (B). Composition of patients admitted for heart failure with VHD alone and combined with ischemic heart disease or
cardiomyopathy.

Abbreviations: CMP, cardiomyopathy; IHD, ischemic heart disease; VHD, valvular heart disease.
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Figure 3 Types of VHD in patients admitted for heart failure. Patients with more than one type of VHD were counted under each type.
Abbreviation: VHD, valvular heart disease.

Invasive treatment for VHD (surgical or transcatheter) during the same episode of heart failure hospitalization was
provided to less than 10% of patients admitted for heart failure with VHD. For the two most observed types of VHD,
mitral regurgitation and aortic stenosis, invasive treatment was delivered to 5.4% and 6.7% of hospitalizations,
respectively (Supplemental Table 3).

Association of Heart Failure Etiology with in-Hospital Outcomes

There was no significant difference in in-hospital mortality between hospitalizations with and without VHD (OR 1.01;
95% CI 0.95-1.08; p = 0.723) (Table 2, Figure 4A and Table 3). LOS was significantly longer for hospitalizations with
VHD (26.1 days) compared to without (24.8 days; IRR 1.05; 95% CI 1.03-1.07; p < 0.001) (Figure 4B). Mean medical
cost was higher in hospitalizations with VHD (1536 thousand yen) compared to without VHD (1195 thousand yen; RR
1.29; 95% CI 1.25-1.32; p < 0.001) (Figure 4C).

Of the other main etiologies of heart failure, ischemic heart disease was associated with a significant decrease in in-
hospital mortality (OR 0.78; 95% CI 0.73-0.83; p < 0.001), was not associated with LOS (IRR 0.99; 95% CI 0.98-1.01;
p=0.28) and was associated with a significant increase in medical cost (RR 1.16; 95% CI 1.14-1.19; p < 0.001) (Table 3).
Cardiomyopathy was associated with significant increases in in-hospital mortality (OR 1.37; 95% CI 1.20-1.57; p <
0.001), LOS (IRR 1.10; 95% CI 1.06-1.14; p < 0.001), and medical cost (RR 1.15; 95% CI 1.11-1.20; p < 0.001). VHD
was most associated with increased medical cost among the three etiologies of heart failure.

Sensitivity Analysis
In the sensitivity analysis, clinical imputation was used for missing values, such that the study population in the sensitivity
analysis (N=118,664) was larger than in the main analysis (N=86,763) (Supplemental Figure 1). There were 18,014

Table 2 Unadjusted and Adjusted in-Hospital Outcomes During Heart Failure Hospitalizations in Patients Stratified by the Presence
or Absence of VHD

Unadjusted Adjusted
With VHD Without VHD p-value With VHD Without VHD p-value
In-hospital mortality (%) 9.3 (8.8-9.8) 8.9 (8.7-9.1) 0.375 9.0 (8.7-9.3) 8.9 (8.6-9.2) 0.723
LOS (days) 26.2 (25.7-26.7) 24.8 (24.6-25.0) <0.001 26.1 (25.7-26.6) 24.8 (24.8-24.9) <0.001
Medical cost (thousand yen) | 1496 (1462—1531) | 1202 (1193-1211) <0.001 1536 (1505-1566) | 1195 (1190-1201) <0.001

Notes: All data is presented as mean (95% ClI).
Abbreviations: LOS, length of stay; VHD, valvular heart disease.
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Figure 4 Adjusted in-hospital outcomes during heart failure hospitalization in patients stratified by the presence or absence of VHD. (A). Adjusted in-hospital mortality. (B)
Adjusted length of stay. (C) Adjusted medical cost. Bars indicate 95% confidence interval.
Abbreviation: VHD, valvular heart disease.

hospitalizations with VHD and 100,650 without VHD. Similar to the main analysis, the mean age was 81 years and 51% were
male, with significant differences between groups in all baseline characteristics (p < 0.05) (Supplemental Table 4). The results

from the models in the sensitivity analysis were comparable to the main analysis. There was no significant association of VHD
with in-hospital mortality (OR 0.99; 95% CI 0.94-1.05; p = 0.749). VHD was significantly associated with increased LOS (IRR
1.05; 95% CI 1.03-1.07; p < 0.001) and medical cost (RR 1.27; 95% CI 1.24-1.29; p < 0.001) (Supplemental Tables 5 and 6,
Supplemental Figure 2).

Table 3 Multivariate Analysis for in-Hospital Mortality, LOS, and Medical Cost During Heart Failure Hospitalizations
in Patients Stratified by the Presence or Absence of VHD

In-Hospital Mortality Length of Stay Medical Cost
OR 95% CI p-value | IRR 95% CI p-value | RR 95% CI p-value
VHD 1.01 0.95-1.08 0.723 1.05 | 1.03-1.07 | <0.00I 1.28 | 1.25-1.32 | <0.001
Ischemic heart disease 0.77 0.73-0.83 | <0.001 0.99 | 0.97-1.01 0.281 .16 | 1.14-1.18 | <0.00I
Cardiomyopathy 1.38 1.21-1.58 | <0.001 1.10 | 1.06-1.14 | <0.00I .15 | 1.10-1.19 | <0.00I
Age 1.03 1.03-1.03 | <0.001 1.00 | 1.00-1.00 | <0.00I 0.99 | 0.99-0.99 | <0.001
Male 1.29 1.22-1.36 | <0.001 0.96 | 0.94-0.97 | <0.001 1.00 | 0.98-1.01 0.501
Smoking index 1.00 1.00-1.00 0.591 1.00 | 1.00-1.00 0.020 1.00 | 1.00-1.00 0.049
ADL 0.92 0.92-0.93 | <0.001 0.98 | 0.98-0.98 | <0.001 0.98 | 0.98-0.98 | <0.001
BMI 0.95 0.94-0.96 | <0.001 1.00 | 0.99-1.00 0.018 1.00 | 1.00-1.00 0.318
Emergency hospitalization 1.14 1.08-1.22 | <0.001 1.00 | 0.98-1.01 0.759 1.13 | L.11-1.15 | <0.001
Hypertension 0.49 0.47-0.52 | <0.001 0.89 | 0.88-0.90 | <0.001 | 0.91 | 0.89-0.92 | <0.00I
Diabetes 0.90 0.85-0.96 0.001 1.06 | 1.04-1.08 | <0.001 1.07 | 1.05-1.08 | <0.00I
CKD 1.28 1.20-1.36 | <0.001 1.09 | 1.07-1.11 <0.001 1.02 | 1.00-1.03 0.102
Hyperlipidemia 0.63 0.58-0.68 | <0.00I 0.93 | 0.92-0.95 | <0.001 1.00 | 0.98-1.02 0.923
Atrial fibrillation 0.68 0.64-0.72 | <0.00I 0.99 | 0.97-1.00 0.055 0.98 | 0.96-0.99 0.001
Hospital beds: <199* 1.48 1.36-1.61 <0.001 1.30 | 1.27-1.33 | <0.00I 0.97 | 0.94-0.99 0.012
Hospital beds: 200-499* 1.29 1.21-1.37 | <0.001 1.18 | 1.16-1.20 | <0.00I 0.94 | 0.93-0.96 | <0.001

Note: *Reference was hospital beds 2500.
Abbreviations: ADL, activities of daily living; BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease; IRR, incident rate ratio;
LOS, length of stay; OR, odds ratio; RR, rate ratio; VHD, valvular heart disease.
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Discussion

This large-scale claims database study investigated the association between VHD and in-hospital outcomes of heart
failure hospitalizations in Japan. In the dataset of 86,763 hospitalizations, VHD was the second most common
comorbidity of those known to cause heart failure (15.2%), following ischemic heart disease. VHD was associated
with statistically significant increases in medical cost and LOS, but not in in-hospital mortality.

In Japan, there has been a lack of information regarding the importance of VHD in heart failure hospitalizations.
Previous studies have evaluated the overall characteristics'* and hospitalization costs'® of patients with heart failure in
Japan, but none have examined the association of VHD with these outcomes.

According to the heart failure guidelines published by the Japanese Circulation Society, VHD is classified as Stage B (risk
stage with organic heart disease) of the four stages of heart failure (Stage A - Stage D), and the treatment goals for Stage B include
prevention of the progression of organic heart disease and the onset of heart failure.”® Treatment of VHD in Japan has made
remarkable progress over the last five years with the introduction of transcatheter treatments and the advancements in surgical
and valve technology.*® The results of the present study suggest that there is likely a subset of Japanese patients with heart failure
that can potentially benefit from these treatments and that timely interventions could potentially prevent disease progression and
reduce the cost burden of heart failure on the healthcare system.

Prevalence and Types of Valvular Heart Disease

To our knowledge, this is the largest Japanese registry study of VHD in heart failure hospitalizations reported to date,
including 86,638 heart failure hospitalizations. This is more than six times the size of the largest prior study, which
included 13,238 patients with acute heart failure from the Japanese Registry of Acute Decompensated Heart Failure
(JROADHF) database.'*

The prevalence of VHD in this study (15.2% of 86,638 heart failure hospitalizations) was marginally lower than in
previous works, which have reported VHD rates of 18.5-28.1% in heart failure patients.'***>" This difference may be
explained by the fact that these prior studies were limited to patients with acute and/or worsening heart failure; whereas,
our study used a more inclusive definition of heart failure that may have resulted in a larger but healthier population. The
lower prevalence rate of VHD may also be explained by recent advancements in treatment that have reduced the rate of
patients presenting with VHD. Alternatively, our use of diagnosis codes to identify etiologies of heart failure may have
underestimated the rate of VHD.

These data are the first time that the distribution of types of VHD comorbidities have been described in patients with
heart failure in Japan. The most common type of VHD was mitral regurgitation (36.4% of all hospitalizations with
VHD), while aortic valve disease was the highest VHD by valve (aortic stenosis [33.7%] and aortic regurgitation
[16.4%]). This is slightly different than what has been observed in developed nations worldwide, where aortic stenosis
was the most common valve pathology followed by mitral regurgitation.*> However, global data suggest that mitral
regurgitation is the most frequent VHD in elderly patients (>75 years), followed by aortic stenosis,” explaining why we
would see the highest prevalence of mitral regurgitation in the elderly population of Japan. This finding also agrees with
a 2021 Japanese study of the JROADHF database that found mitral regurgitation to be the most common type of VHD in
patients with heart failure.'*

In-Hospital Mortality

The rate of in-hospital mortality observed here (9.0% with VHD and 8.9% without VHD) was on the higher end of what
has been observed in previous Japanese heart failure registry studies based on data prior to 2015 (4.7-10.0%).'%-'42%3!
This is potentially because the mean age in our cohort (81 years) was high compared to the previous studies (73-81
years), which reflects the aging population of Japan.

We did not observe a statistically significant difference in in-hospital mortality between heart failure patients with and
without VHD. This is likely because the MDV database does not contain information on the severity of VHD, which is
a major determinant of outcomes.*® We also did not examine the association of VHD and mortality by type of VHD or by
primary versus secondary VHD. For example, previous studies have shown that mitral valve disease has the highest
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short-term mortality rate in super-elderly patients.** Future studies should investigate the impact of severity, type, and
etiology of VHD on its association with mortality in heart failure patients.

Healthcare Resource Ultilization

In this study, we observed that VHD in heart failure hospitalization was associated with increased medical resource use.
VHD was associated with significantly longer LOS versus no VHD (26 versus 25 days). LOS was longer than previously
reported values (ranging from 14 days to 21 days) in Japanese patients with heart failure.!%143%31-35 Similar to above,
this may be explained by the higher mean age of our cohort compared to previous studies,'® as age has been shown to be
significantly associated with length of hospitalization in heart failure patients.*

VHD was also associated with approximately 300 thousand yen of additional medical cost compared to without VHD
and added more cost than ischemic heart disease or cardiomyopathy. The higher cost with VHD is likely explained by the
additional costs of the longer LOS,>® as well as the cost of invasive treatment for VHD (surgical or transcatheter),’ >’
which occurred in a minority of patients (Supplemental Table 3).

Appropriate and timely treatment of VHD may present an opportunity for long-term benefits to patient care, as it has
the potential to reduce the number of patients who progress to heart failure and thereby strategically manage healthcare
spending.*® Patients with severe VHD may be candidates for invasive treatment,*' though VHD treatment decisions
depend on the type, severity, symptoms, and surgical risk of patients.'” The optimal timing of treatment depends on
safety, efficacy, and long-term durability of available treatment options*' and can be informed by recent advances in
echocardiographic techniques that include early detection of left ventricular and left atrial dysfunction.**** Recent
studies have shown excellent outcomes and cost-effectiveness for innovative treatments of VHD in Japan, including

transcatheter aortic valve implantation** and minimally invasive mitral valve repair.*>*’

Limitations

The results of this study should be interpreted in the context of several limitations. First, this was a retrospective observational
study that provides associative evidence, but not causal links. Analyses of real-world data are subject to the effects of
unmeasured confounding and potential inaccuracies or omissions in the source records. Similarly, claims data has limitations
in its ability to answer clinical questions. For example, in this study we were limited to the use of comorbidity indicators based
on diagnosis codes documented during the hospitalization to identify the etiology of heart failure. Nevertheless, real-world
observations play a unique role in improving patient care as they facilitate the identification of meaningful associations in
large, diverse populations, potentially generating hypotheses for future prospective studies. This is especially important in
Japan, which has a high proportion of elderly individuals who are generally excluded from clinical trial protocols.

Second, the MDYV database has certain limitations, including that it does not contain information on patient history or
severity of disease, and it utilizes patient identifiers that are unique for each institution so that patients cannot be tracked
across hospitals.*® Therefore, we were unable to determine the exact proportion of patients in our study cohort that had
received VHD evaluation or treatment prior to their current heart failure hospitalization. Future studies should consider
the treatment history and severity of VHD, including the timing, type, and complications of invasive treatment for VHD
(surgical or transcatheter) to further assess the relationship between VHD treatment and heart failure.

Third, we excluded hospitalizations with cardiac arrest or end-stage renal disease at admission, so our analysis does
not capture patients with these conditions. These are very unique cases with poor prognoses that would be expected to
impact the analysis in a way that would be difficult to interpret. Lastly, MDYV includes data only from contracted DPC
hospitals, which could introduce a selection bias.

Conclusion

In this analysis of real-world claims data, VHD was the second-most common etiology of heart failure. VHD
comorbidity in patients with heart failure was associated with significantly higher medical cost and longer length of
stay, suggesting that VHD treatment could represent a potential opportunity to limit overburdening medical resources in
heart failure hospitalizations. Future studies are needed to investigate whether appropriate and timely VHD treatment
could reduce heart failure progression and its associated healthcare resource utilization.
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