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Abstract
Background: Hospital volume is known to be associated with outcomes of patients requiring complicated medical
care. However, the relationship between hospital volume and prognosis of hospitalized patients with heart failure (HF)
remains not fully understood. We aimed to clarify the impact of hospital volume on clinical outcomes of hospitalized
HF patients using a nationwide inpatient database.
Methods and results: We studied 447,818 hospitalized HF patients who were admitted from January 2010 and
discharged until March 2018 included in the Japanese Diagnosis Procedure Combination database. According to the
number of patients, patients were categorized into three groups; those treated in low-, medium-, and high-volume
centers. The median age was 81 years and 238,192 patients (53%) were men. Patients who had New York Heart
Association class IV symptom and requiring inotropic agent within two days were more common in high volume
centers than in low volume centers. Respiratory support, hemodialysis, and intra-aortic balloon pumping were more
frequently performed in high volume centers. As a result, length of hospital stay was shorter, and in-hospital mortality was lower in high volume centers. Lower in-hospital mortality was associated with higher hospital volume.
Multivariable logistic regression analysis fitted with generalized estimating equation indicated that medium-volume
group (Odds ratio 0.91, p = 0.035) and high-volume group (Odds ratio 0.86, p = 0.004) had lower in-hospital mortality
compared to the low-volume group. Subgroup analysis showed that this association between hospital volume and
in-hospital mortality among overall population was seen in all subgroups according to age, presence of chronic renal
failure, and New York Heart Association class.
Conclusion: Hospital volume was independently associated with ameliorated clinical outcomes of hospitalized
patients with HF.
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Background
Heart failure (HF) is a major cause of unexpected hospitalization in developed countries, and hospitalization due
to HF is also a great economic burden [1–5]. Therefore,
providing appropriate acute healthcare services for hospitalized HF patients and building up an optimal medical
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care system is strongly required. From the perspective
of medical care system, hospital volume attracts clinical
interest. Previous studies showed that hospital volume
was associated with outcomes of not only patients with
advanced cardiovascular diseases [6–9] but also those
requiring intensive hospital care [10–12]. Taking these
into consideration, hospital volume may influence the
outcomes of hospitalized patients with HF. Several preceding studies examined the relationship between hospital volume and outcomes in patients with HF [13–16].
For example, Kumbhani et al. analyzed the Get With The
Guidelines-HF registry including elderly HF patients and
showed that hospital volume was marginally associated
with outcomes up to 6 months of follow-up [13]. However, most of the research in this field was conducted
among patients in North America, and real-world data
on the association of hospital volume with outcomes of
hospitalized HF patients have been insufficient. In this
study, we sought to explore the effect of hospital volume on in-hospital outcomes of patients with HF using a
nationwide inpatient database in Japan.

Methods
Study design and data source

The Diagnosis Procedure Combination (DPC) database
is a nationwide inpatient database in Japan that includes
administrative claims and clinical data for approximately
8 million hospitalized patients per year from more than
1200 participating hospitals including all 82 academic
hospitals. The hospitals participating in the DPC database were distributed across all 47 prefectures in Japan.
The DPC database represents approximately 50% of all
acute inpatients and covers more than 90% of all tertiarycare emergency hospitals in Japan. Academic hospitals
are obliged to participate in this database. The participation in this database of community hospitals is voluntary
[17–20]. The database collates main diagnoses, comorbidities present at admission, and complications during hospitalization using the International Classification
of Disease and Related Health Problems 10th Revision
(ICD-10) codes.
Definition of hospital volume

We defined hospital volume as the total number of hospitalized patients with HF during the study period at
each hospital. We categorized hospitals into tertile (low-,
medium-, and high volume) groups, with approximately
equal numbers of patients in each group. We divided
study patients into three groups by this category.
Statistical procedure

Continuous and categorical data were presented as
median (interquartile range) and number (percentages),
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respectively. We compared continuous data using oneway analysis of variance. We performed chi-square analysis to compare categorical variables. Univariate logistic
regression analysis was used to identify the association
between each covariate (including hospital volume) and
in-hospital mortality. The association of hospital volume
with in-hospital mortality was evaluated using a multivariable logistic regression analysis with adjustment
for other patient backgrounds, while also adjusting for
within-hospital clustering using a generalized estimating
equation [21]. We performed subgroup analysis according to age, presence of chronic renal failure, and New
York Heart Association class. A probability value of < 0.05
was considered to indicate statistically significant difference. We performed statistical analysis using SPSS version 25 and STATA version 16.

Results
Study population

We studied 466,921 patients aged ≥ 20 years with New
York Heart Association (NYHA) class ≥ II, admitted and
discharged between January 2010 and March 2018 with
the main discharge diagnosis of HF defined by ICD-10
codes I50.0, I50.1, and I50.9. Exclusion criteria were as
follows: (1) length of hospital stay ≤ 2 days (n = 15,270)
and (2) major procedures under general anesthesia
(n = 3833). The final number of enrolled patients analyzed was 447,818.
Baseline clinical characteristics

Table 1 presents the distribution of the numbers of the
patients. We categorized centers into the following
three groups according to the volume of hospitals where
patients were admitted: low (number of patients < 598),
medium (598–1009 patients), and high (> 1009). Median
age was 81 years, and there was a statistical difference
in the percentage of patients aged ≥ 85 years between
three groups (p < 0.001). The proportion of patients having NYHA class IV symptom was 30.2% in low volume
center, 32.5% in medium volume centers, and 35.5% in
high volume center. There was a statistical significant difference in the proportion of patients having NYHA class
IV symptom (p < 0.001). The proportion of intravenous
use of inotropic agent, nitrate, and furosemide increased
with hospital volume category.
Procedures during hospitalization

Table 2 summarized procedures and outcomes during
hospitalization. There were statistically significant differences in the proportion of patients requiring respiratory
support, hemodialysis, and intra-aortic balloon pumping, medical cost, lengths of hospital stay, and in-hospital mortality (all, p < 0.001). The proportion of patients
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Table 1 Characteristics of study population
Hospital volume
Low (n = 149,182)

Medium (n = 149,507)

High (n = 149,129)

Number of hospital

648

190

107

Number of patients in each hospital

400 (276–504)

810 (692–919)

1405 (1158–1634)

Age (years)

81 (72–87)

81 (72–87)

80 (71–86)

< 0.001

Age ≥ 85 years

53,068 (35.6)

51,603 (34.5)

48,549 (32.6)

< 0.001

Male sex

78,205 (52.4)

79,548 (53.2)

80,439 (53.9)

< 0.001

Body mass index (kg/m2)

22.1 (19.6–25.0)

22.2 (19.6–25.0)

22.0 (19.5–24.8)

< 0.001

Hypertension

96,539 (64.7)

102,989 (68.9)

101,547 (68.1)

< 0.001

Diabetes mellitus

45,518 (30.5)

48,361 (32.3)

47,140 (31.6)

< 0.001

Chronic renal failure

20,996 (14.1)

22,222 (14.9)

22,285 (14.9)

< 0.001

Chronic liver disease

6086 (4.1)

6185 (4.1)

5246 (3.5)

< 0.001

Chronic respiratory disease

17,282 (11.6)

17,707 (11.8)

15,752 (10.6)

< 0.001

Smoking

43,317 (29.0)

48,219 (32.3)

52,262 (35.0)

< 0.001

Myocardial infarction

3,699 (2.5)

4,182 (2.8)

4,636 (3.1)

< 0.001

Dilated cardiomyopathy

10,853 (7.3)

11,463 (7.7)

11,810 (7.9)

< 0.001

Ventricular tachycardia/ventricular fibrillation

5,751 (3.9)

6,664 (4.5)

7,874 (5.3)

< 0.001

Shock

2,918 (2.0)

3,167 (2.1)

2,680 (1.8)

< 0.001

Anemia

21,466 (14.4)

24,775 (16.6)

25,373 (17.0)

< 0.001

Barthel Index

65 (15–100)

65 (15–100)

55 (5–100)

< 0.001

Class II

46,002 (30.8)

43,519 (29.1)

40,294 (27.0)

Class III

58,106 (38.9)

57,366 (38.4)

55,967 (37.5)

Class IV

45,074 (30.2)

48,622 (32.5)

52,868 (35.5)

Beta blocker

44,322 (29.7)

48,517 (32.5)

55,547 (37.2)

< 0.001

Renin-angiotensin system inhibitor

50,814 (34.1)

53,377 (35.7)

62,167 (41.7)

< 0.001

Angiotensin converting enzyme inhibitor

21,565 (14.5)

23,160 (15.5)

26,987 (18.1)

< 0.001

Angiotensin II receptor blocker

30,206 (20.2)

31,180 (20.9)

36,480 (24.5)

< 0.001

Mineralocorticoid receptor antagonist

44,609 (29.9)

47,290 (31.6)

53,716 (36.0)

< 0.001

Intravenous inotropic agent

24,788 (16.6)

25,138 (16.8)

28,310 (19.0)

< 0.001

Intravenous nitrate

26,825 (18.0)

31,741 (21.2)

34,999 (23.5)

< 0.001

Intravenous furosemide

97,917 (65.6)

101,240 (67.7)

105,515 (70.8)

< 0.001

New York Heart Association

p value

< 0.001

Medications within two days after admission

Data are expressed as median (interquartile range) or number (percentage)

Table 2 Procedures and clinical outcomes during hospitalization
Hospital volume
Low (n = 149,182)
Respiratory support

Medium (n = 149,507)

High (n = 149,129)

p value

19,689 (13.2)

23,151 (15.5)

27,814 (18.7)

< 0.001

3594 (2.4)

3909 (2.6)

3882 (2.6)

< 0.001

Intra-aortic balloon pumping

916 (0.6)

1073 (0.7)

1186 (0.8)

< 0.001

Extra-corporeal membrane oxygenation

132 (0.1)

160 (0.1)

158 (0.1)

Hemodialysis

Cost (JPY)
Cost (USD)
Length of hospital stay (days)
In-hospital death

712,555 (474,773–1,144,035)
6556 (4368–10,525)
18 (11–29)
11,068 (7.4)

Data are expressed as median (interquartile range) or number (percentage)

743,775 (504,863–1,165,348)
6843 (4645–10,721)
17 (11–28)
10,067 (6.7)

755,800 (519,243–1,181,185)
6953 (4777–10,867)
16 (11–25)
9687 (6.5)

0.200
< 0.001
< 0.001
< 0.001
< 0.001
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requiring respiratory support and intra-aortic balloon
pumping increased with hospital volume category. Medical cost increased, whereas length of hospital stay was
reduced with hospital volume. Finally, in-hospital mortality decreased with hospital volume.
Impact of hospital volume on in‑hospital mortality

Table 3 showed the result of the logistic regression analyses. Univariate logistic regression analysis showed that
medium-volume group (Odds ratio 0.90, p < 0.001) and
high-volume group (Odds ratio 0.87, p < 0.001) had lower
in-hospital mortality compared to the low-volume group.

The multivariable logistic regression analysis fitted with
a generalized estimating equation for in-hospital mortality also showed that medium-volume group (Odds ratio
0.91, p = 0.035) and high-volume group (Odds ratio 0.86,
p = 0.004) had lower in-hospital mortality compared to
the low-volume group.
Subgroup analysis

Figure 1 presents the results of the subgroup analyses.
Inverse association between hospital volume and in-hospital mortality was seen in all the subgroups including

Table 3 Determinants of in-hospital death
Univariate logistic regression analysis

Multivariable logistic regression fitted
with generalized estimating equation

Odds ratio

95% Confidence p value
interval

Odds ratio

95% Confidence p value
interval

Hospital volume
Low

Reference

Medium

0.90

0.88–0.93

< 0.001

0.91

Reference
0.83–0.99

0.035

High

0.87

0.84–0.89

< 0.001

0.86

0.78–0.95

0.004

Age (years)

1.05

1.05–1.06

< 0.001

1.04

1.04–1.04

< 0.001

< 0.001

Sex
Female

Reference

Reference

Male

0.86

0.84–0.88

< 0.001

1.27

1.23–1.32

Body mass index (kg/m2)

0.90

0.90–0.90

< 0.001

0.95

0.95–0.96

< 0.001

Hypertension

0.43

0.42–0.44

< 0.001

0.53

0.50–0.55

< 0.001

Diabetes mellitus

0.78

0.76–0.80

< 0.001

1.03

0.99–1.06

0.120

Chronic renal failure

1.71

1.66–1.75

< 0.001

1.57

1.51–1.63

< 0.001
< 0.001

Chronic liver disease

1.33

1.26–1.40

< 0.001

1.45

1.36–1.55

Chronic respiratory disease

1.01

0.98–1.05

0.568

0.98

0.94–1.03

0.473

Myocardial infarction

1.93

1.83–2.04

< 0.001

1.46

1.35–1.57

< 0.001

Dilated cardiomyopathy

0.87

0.83–0.91

< 0.001

1.19

1.13–1.26

< 0.001

Smoking

0.68

0.66–0.69

< 0.001

0.88

0.85–0.92

< 0.001

New York Heart Association
Class II

Reference

Class III

1.92

1.85–1.99

< 0.001

1.68

Reference
1.58–1.79

< 0.001

Class IV

4.49

4.33–4.66

< 0.001

3.36

3.11–3.63

< 0.001

Ventricular tachycardia/ventricular fibrillation

1.77

1.69–1.85

< 0.001

1.97

1.83–2.11

< 0.001

Shock

5.76

5.49–6.04

< 0.001

3.20

2.85–3.60

< 0.001

Anemia

1.55

1.50–1.59

< 0.001

1.35

1.30–1.41

< 0.001

Barthel Index per 10

0.84

0.83–0.84

< 0.001

0.89

0.89–0.90

< 0.001

Administration within two days
Beta blocker

0.61

0.59–0.63

< 0.001

0.94

0.90–0.97

< 0.001

Renin-angiotensin system inhibitor

0.41

0.40–0.42

< 0.001

0.62

0.60–0.65

< 0.001

Mineralocorticoid receptor antagonist

0.63

0.61–0.65

< 0.001

0.83

0.80–0.86

< 0.001

Intravenous inotropic agent

2.88

2.81–2.95

< 0.001

2.13

2.04–2.23

< 0.001

Intravenous nitrate

0.64

0.62–0.66

< 0.001

0.57

0.54–0.60

< 0.001

Intravenous furosemide

1.32

1.29–1.36

< 0.001

0.97

0.94–1.01

0.172
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Fig. 1 Subgroup analysis. Shows the result of the subgroup analysis according to age (a), presence of chronic renal failure (b), and New York Heart
Association class (c)

age (A), presence of chronic renal failure (B), and NYHA
class (C).

Discussion
Using a nationwide inpatient database of hospitalized
patients with HF, we examined the influence of hospital-volume on clinical outcomes of HF patients. The key
findings of the present study are as follows: (1) Patients
in higher volume hospitals had more severe condition at admission. (2) Higher volume hospitals provided
advanced cardiorespiratory support more aggressively.
(3) Patients admitted in high volume hospitals had lower
in-hospital mortality compared to those admitted to low
volume hospitals even after adjustment for the covariates.
Baseline NYHA class increased with hospital volume,
suggesting that patients admitted to higher volume centers were more severe than those admitted to low volume
centers. Nevertheless, clinical outcomes were better in
high volume centers than in low volume centers in association with early administration of medical agents and
aggressive advanced cardiorespiratory supports.
In this study, we performed the multiple logistic regression analysis fitted with generalized estimating equation
to identify the determinants of in-hospital death. Results

of the multiple logistic regression analysis such as the
association of chronic liver disease [22–24] and cigarette
smoking (so called “smoker’s paradox” [25, 26]) with outcomes were concordant with preceding studies focusing
on patients with HF, and our results demonstrated that
hospital volume was independently associated with inhospital mortality among patients hospitalized for HF.
Our findings were concordant with those in previous studies on the association between hospital volume
and outcomes of HF patients, which also indicated that
higher center volume was associated with lower mortality [14, 16]. On the contrary, the analysis of the Get With
The Guidelines-HF registry which was linked to Medicare inpatient data of 342 hospitals showed that hospital
volume was marginally associated with chronic phase
outcomes, but not associated with in-hospital mortality
[13]. Therefore, there has remained a room for further
investigations in this field. Moreover, considering that
previous studies examined patients limited to specific
health insurance or community, our study has several
advantages. Japan has a universal health care insurance
system and patients are provided with equal health
care access with equal fees which the Japanese government set. Further, our database is a nationwide inpatient
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database which could exclude region specific factors.
Therefore, this study has strength in generalizability. Previous studies [14, 16] showed that higher hospital volume
was associated with medical costs, and our study showed
a similar trend. However, the difference in medical costs
between low and high hospital volume hospitals was not
so large in this study. Longer hospital stay in low volume
hospitals and advanced procedures in high volume centers seemingly offset the difference in medical costs.
Several possible explanations can be suggested for the
relationship between hospital volume and clinical outcomes. First, therapeutic management for hospitalized
HF patients is complex and complicated. It requires a
multidisciplinary team approach including primary care
physicians, cardiologists, HF specialists, intensivists,
cardiac surgeons, nurses, pharmacists, nutritionists, and
physiotherapists who had not only professional training
but also a great deal of experience in real-world clinical
practice. Health care professionals in high volume centers may be more familiar with advanced treatment for
hospitalized patients with HF. Therefore, rich experience in high volume centers may lead to better clinical
outcomes. Second, various complications such as hemodynamic collapse, life-threatening arrhythmia, acute
kidney injury, multiorgan dysfunction, stroke, and infection can occur during the clinical course of hospitalized
patients with HF, and these complications require quick
and appropriate management. A previous study reported
that high volume centers could provide better management for complications in patients undergoing cardiac
surgeries [27]. Therefore, better outcomes in high volume
centers may attribute to better management for complications in patients with HF. Third, high volume centers
may have more healthcare professional staffs and medical infrastructure. Abundant medical resources can also
contribute to favorable outcomes in high volume centers. Finally, it could be also possible that better prognosis of HF patients leads to an increase in the number of
patients through referral and results in further increase
in hospital volume.
This study has clinical implications. As the prevalence
of HF is increasing, nationwide actions for the optimal
management of HF are required [28, 29]. From this point
of view, establishing medical system for HF is important. The results of the present study suggest the importance of high volume centers for HF treatment. On the
other hand, maintaining appropriate hospital access for
patients with HF in each geographic region is essential because patients with acute HF requiring hospital
admission need accessible hospitals which can provide
emergency medical care. Therefore, low volume centers
in each area is also indispensable. However, considering
that the difference in in-hospital mortality according to
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hospital volume was seemingly pronounced in patients
with severe conditions such as older age, chronic renal
failure, and NYHA class IV, primary risk stratification for
HF patients is important and we should prepare regional
medical system for patients with HF. For example, it
may be useful that emergency service or primary physicians determine a hospital where patients are transferred
according to estimated severity of patients with HF.
There are several limitations in this study. We performed the multivariable logistic regression analysis to
adjust for covariates, but a possibility of residual bias
could not be eliminated. Because of the nature of the
retrospective design, recorded diagnoses are commonly
less well validated. Hospital volume was defined as the
total number of hospitalized patients with HF during the
study period at each hospital. Although some hospitals
could have periods of time when they were not enrolling
patients, we did not have enough information to assess
this point in detail. Our database lacked data regarding
blood pressure, heart rate (tachycardia and bradycardia),
arrhythmia, HF etiology, left ventricular ejection fraction,
diastolic function, right ventricular function, biomarkers
such as brain natriuretic peptide, and other concomitant
diseases, which can affect the clinical outcomes of hospitalized HF patients. In addition to these, other many
factors are associated with the outcomes of HF patients.
For example, serum uric acid level is also known to affect
the prognosis of patients with HF [30, 31]. However, data
on serum uric acid level were not available in this study.
A previous study reported that higher hospital volume
was associated with lower 6-month mortality and lower
6-month readmissions in patients with HF [13]. However,
the long-term prognosis could not be assessed in this
database.

Conclusion
The analysis of a nationwide inpatient database including
447,818 hospitalized HF patients showed better clinical
outcomes of HF patients in high volume centers compared to those in low volume centers. We believe that the
results of this study are resourceful for preparing medical care system for hospitalized HF patients in the era of
increasing prevalence of HF worldwide.
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