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Abstract

Background: This secondary analysis of a cross-sectional observa-
tional study aimed to evaluate the impact of heart failure (HF) clas-
sification on inpatient outcomes and demographic associations.

Methods: Data from the 2019 National Inpatient Sample (NIS) in-
cluded 259,025 patients older than 18 years with a primary Interna-
tional Classification of Diseases, 10th Revision (ICD-10) diagnosis
of HF.

Results: Weighted results for this study showed that HF subtypes
were stratified as diastolic (35.63%, n = 92,300), systolic (30.09%,
n=77,931), combined systolic-diastolic (18.74%, n = 48,529), other
(11.81%, n=30,593), end-stage (1.56%, n =4,030), right (1.18%, n =
3,063), and biventricular (1.00%, n = 2,579). Acuity was categorized
as acute on chronic HF (72.68%, n = 188,106), acute HF (10.79%, n =
27,948), chronic HF (1.84%, n =4,778), and indeterminate (15%, n=
38,193). Demographically, older adults (> 75 years), African Ameri-
cans, and males were found to be more frequently admitted, with age
being the most significant factor. Younger patients (< 75 years) were
more often diagnosed with non-diastolic HF, while minority groups
had higher incidences of systolic and combined HF. Females were
more likely to have diastolic HF compared to males. Right, biven-
tricular, and end-stage HF were associated with increased inpatient
costs, longer hospital stays, and higher mortality rates. Detailed HF
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classification reveals significant variations in inpatient outcomes and
demographic associations.

Conclusions: Advanced HF subtypes incur higher costs, longer hos-
pital stays, and increased mortality, underscoring the need for im-
proved classification and earlier intervention across diverse popula-
tions. Further research is needed to refine HF diagnosis and coding to
better understand and manage these conditions.

Keywords: Heart failure; Demographics; Patient acuity; Retrospec-
tive study

Introduction

Heart failure (HF) is one of the most challenging global threats
to public health, particularly in the aging population [1]. In
the United States, about 6 million people live with HF, with
one in four individuals being likely to develop HF during their
lifetime [2]. HF patients constitute over 1 million hospitaliza-
tions annually, which increased by approximately 20% from
2008 to 2018 [3]. Patient mortality, quality of life, and hospital
outcomes have improved due to advances in medical and de-
vice therapies. In light of such advances, both prevalence and
hospitalization of HF are still rising, in part because of the ag-
ing population and the extended life of HF patients. Therefore,
HF remains a significant challenge in public health, medical
science, and clinical practice [3, 4].

HF is a complex syndrome of various underlying func-
tional mechanisms and structural differences. The classifica-
tion of types of function and structure as well as clinical pres-
entations of acuity, defined as acute HF, chronic HF, or acute
on chronic HF, play critical roles for clinical decision making
and strategic treatment plans, particularly for provisional per-
sonalized medicine [5]. Review of the literature shows that one
in six patients with heart failure with reduced ejection fraction
(HFrEF) develop worsening HF within 18 months of HF diag-
nosis and have a high risk for 2-year mortality and recurrent
HF hospitalizations [6]. Acute HFTEF was more common in
Black and White men in comparison to their female counter-
parts, while acute HF with preserved ejection fraction (HFpEF)
was most common in White women compared to White/Black
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men and Black women [7, 8]. Although patterns associated with
demographic characteristics have been identified, there are few
studies demonstrating the impact and cost burden of stratified
HF according to type and acuity. While various epidemiologi-
cal studies reviewing HFrEF and HFpEF characteristics and
outcomes have been conducted throughout the United States
and other countries, these studies did not analyze less com-
mon subtypes such as right, biventricular, and end-stage HF,
nor was acuity mentioned as an additional influence on out-
comes [9-11]. Examining HF by type and acuity can address
the specific impact and clinical manifestations of each etiol-
ogy, minimize expenses, and improve long-term outcomes
for patients. Furthermore, assessing the characteristics of HF
patients and their prognoses following discharge can provide
insight into future risk stratification, therapeutic management,
and clinical trial designs for better management. With the goal
of providing evidence about the national trends of HF sub-
types and acuity, this study used the 2019 National Inpatient
Sample (NIS) to demonstrate the national rates of HF discrim-
inated by subtypes and acuity that were further characterized
by demographics.

Materials and Methods

Data source

The 2019 NIS was ordered from the Healthcare Cost and Uti-
lization Project (HCUP), which was sponsored by the Agency
for Health Care Research and Quality [12, 13]. The NIS design
has a complex sampling scheme for capturing approximately
20% of inpatient data and representing over 7 million hospital-
izations annually. This dataset includes deidentified individu-
als with a primary diagnosis (i.e., admission diagnosis) and
secondary diagnoses, adhering to the International Classifica-
tion of Diseases, 10th Revision, Clinical Modification (ICD-
10-CM). To standardize and compare the NIS based national
trends of HF in demographics, the national estimation of the
civilian population in 2019 were extracted from the US Cen-
sus Bureau [ 14]. The Institutional Review Board approval was
not applicable/required as data from NIS are deidentified. This
study was conducted in compliance with the ethical standards
of the responsible institution as well as with the Helsinki Dec-
laration.

Measures

This study analyzed a subsample of NIS study inpatients diag-
nosed with HF based on the primary diagnosis codes of 150,
113.2, 111.0, and 113.0. The latter three codes adhere to the
“Code First” rule, prioritizing the underlying chronic disorder
or cause, followed by its manifestation. Detailed coding for
subtypes and acuity can be found here (Supplementary Mate-
rial 1, cr.elmerpub.com).

In terms of race/ethnicity of inpatients in the NIS, race/eth-
nicity was defined as African American (AA), Asian-American
and Pacific Islander (API), Hispanic, White, or other racial/eth-

nic identity. “Sex” was recorded as a binary variable. Age in
years at admission was recoded into four categories: 18 - 34, 35
- 54,55 - 74, and > 75. Inpatients younger than 18 years old were
excluded, as HF is a rare occurrence for adolescents.

Data analysis

Analyses for his nationally representative dataset were es-
timated by the sample-weighted method, for which NIS dis-
charge weight was used as the sample weight, the national di-
vision of hospitals was the stratificational factor, and hospital
IDs were the clustering variable. The association between HF
hospitalization and demographics was analyzed using the Rao-
Scott Chi-square test.

A Poisson regression model, incorporating a quasi-Pois-
son link, was formulated to assess the incident rate ratio (IRR)
of HF hospitalizations. This model was standardized according
to the national population. The counts of HF inpatient encoun-
ters within each demographic group served as the dependent
variables. Consequently, IRR and its 95% confidence interval
(CI) were presented as relative risks for demographically de-
fined groups that were hospitalized primarily due to HF.

To evaluate the risk of specific subtype diagnosis for ad-
mitted HF inpatients, a survey-based logistic regression model
was established, employing hospital division as the stratifica-
tion factor and hospital ID as the clustering element. In this
model, HF subtypes, identified by ICD-10 codes, were the de-
pendent outcomes, while demographics were the independent
variables. Diastolic HF was chosen as the reference subtype.

To further discern these HF subtypes by levels of acuity,
another survey-based logistic regression model was construct-
ed. In addition to demographics, HF subtypes served as inde-
pendent variables. The chronic classification was used as the
reference level of acuity. Risks were conveyed as IRRs along
with their 95% ClIs for various independent variables.

Results

A total of 6,043,654 hospitalized patients were identified in the
NIS 2019 database, of whom 259,025 had a primary diagnosis
of HF on admission. The weighted national estimate of patients
with the primary hospital admission diagnosis of HF was 1.30
million, representing 4.30% of all inpatient stays. Such hos-
pitalizations had strong demographic characterizations (Table
1). Among HF inpatients in our unweighted sample, there were
165,566 Whites (63.9%), 55,031 AAs (21.2%), 20,972 Hispan-
ics (8.1%), 5,664 Asian Pacific Islanders (2.2%), and 11,792
patients identifying as other races/cthnicity (other) (4.6%),
respectively; including 135,987 males (52.5%) and 123,031
females (47.5%). The distributions by age group were 18 - 34
years (n = 3,375, 1.3%), 35 - 54 years (n = 30,187, 11.7%),
55 - 74 (n = 104,306, 40.3%), and 75 years and older (n =
121,157, 46.8%), respectively. AA inpatients had the highest
HF hospitalization rate of 6.1%, followed by 4.2% for Whites,
3.4% for API and others, and 3.2% for Hispanics. The rates
for male and female inpatient HF hospitalizations were 5.2%
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Table 1. Comparisons Between Hospitalizations With and Without a Primary Diagnosis of HF

Non-HF hospitalization HF hospitalization
Demographics domain Sample  Weighted esti- % ofin- Sample  Weighted esti- % of in- P value
size (105) mation (10°) patients size (105) mation (10°) patients
Overall 57.85 28.92 (27.87-29.98) 95.70 2.59 1.30(1.25-1.34) 430 <0.0001
Race/ethnicity
White 38.05 19.02 (18.28 - 19.76)  95.83 1.66 0.83 (0.80-0.86) 4.17 <0.0001
AA 8.49 4.24 (3.99 - 4.50) 93.91 0.55 0.28 (0.26 - 0.29)  6.09
Hispanic 6.32 3.16 (2.94 - 3.38) 96.79 0.21 0.10 (0.10 - 0.11) 3.21
API 1.60 0.80 (0.73 - 0.87) 96.57 0.06 0.03 (0.02-0.03) 3.43
Other racial/ethnic background  3.40 1.70 (1.56 - 1.84) 96.65 0.12 0.06 (0.05-0.06)  3.35
Sex
Male 24.60 12.30 (11.83 - 12.76)  94.76 1.36 0.68 (0.65 - 0.71) 5.24 <0.0001
Female 33.24 16.62 (16.02 - 17.22)  96.43 1.23 0.62 (0.59-0.64) 3.57
Age group
18 - 34 10.98 5.49 (5.27-5.72) 99.69 0.03 0.02 (0.02-0.02)  0.31 <0.0001
35-54 11.88 5.94 (5.70 - 6.18) 97.52 0.30 0.15(0.14-0.16)  2.48
55-74 21.03 10.51 (10.11 - 10.91)  95.27 1.04 0.52 (0.50-0.54) 4.73
>75 13.96 6.98 (6.73 - 7.23) 92.01 1.21 0.61 (0.58-0.63) 7.99

The weighted estimation has been represented as n (95% confidence interval). The term “sample size” refers to the number of inpatients included
in the National Inpatient Sample (NIS) of the Healthcare Cost and Ultilization Project (HCUP). Statistical significance was determined to be at P <
0.05, and the P value was determined from the Rao-Scott Chi-square test for the sample-weighted national estimations. HF: heart failure; AA: African

American, API: Asian-American and Pacific Islander.

and 3.6%, respectively. Age displayed a significant gradient
in HF inpatients, from 0.3% in the young adult (18 - 43 years
old) group to 8.0% in seniors > 75, a nearly 27-fold increase.
Consequently, age had a greater difference in the HF diagnosis
rate compared to race or sex among inpatients.

Furthermore, diagnosis rates of different age groups were
stratified by sex across race (Fig. 1). HF diagnosis rates consist-
ently increased with age, and the rates changed uniquely by sex
in all five racial groups. In the age group of individuals aged 75
and older, the rates of HF diagnosis were comparable between
males and females across different racial groups, albeit with
some variance. Notably, AA males and females exhibited slight-
ly higher HF diagnosis rates of 9.9% (n = 5,029) and 10.2% (n
= 8,374), respectively. In contrast, Whites had diagnosis rates of
8.3% for males (n = 43,048) and 7.5% for females (n = 49,289).
Hispanic males and females were diagnosed at rates of 7.9% (n
=3,273) and 7.7% (n = 4,376), respectively. Asian Pacific Is-
landers showed rates of 7.0% for males (n = 1,203) and 7.4% for
females (n = 1,608). Additionally, patients of other racial/ethnic
identity reported rates of 7.3% for males (n = 2,254) and 6.9%
for females (n = 2,699). These findings underscore an elevated
HF diagnosis prevalence in AAs compared to other races within
this elderly cohort. It was noted that all males in the five race
groups were diagnosed with HF at earlier ages compared to their
female peers. In particular, HF diagnoses in young AA and API
males in the 18 - 34 age group were more prevalent compared
to their female peers. AA males had HF diagnosis rates of 1.8%
(n=978), 7.2% (n = 7,657), and 9.0% (n = 14,747) at the ages
of 18 - 34, 35 - 54, and 55 - 74, while AA females in these three

age groups had rates of 0.5% (n = 699), 3.7% (n = 4,799), and
7.7% (n=12,746), respectively. API male inpatients in these age
groups had HF diagnosis rates of 1.5% (n = 83), 4.4% (n=533),
and 4.7% (n = 1,147), while their API female peers had rates of
0.1% (n=136), 0.8% (n=205), and 3.8% (n = 849), respectively.

Demographic differences were evident in the civilian pop-
ulation’s IRRs (Table 2). Compared to White patients, those
from AA and other racial/ethnic backgrounds had higher hos-
pital admission rates for primary HF diagnosis (IRR = 2.49
and 3.48 with 95% CIs of 2.06 - 2.98 and 2.39 - 4.87, respec-
tively). In contrast, APIs had half the admission rate for prima-
ry HF diagnosis (IRR = 0.50, 95% CI: 0.29 - 0.80). Males had
a 38% higher admission rate compared to females (IRR = 1.38,
95% CI: 1.19 - 1.59). Young adults (18 - 34 years) had a lower
likelihood of HF admission compared to seniors aged 75 and
above. The risk of hospitalization for the primary HF diagnosis
was considerably lower in the 35 - 54 age group (IRR = 0.06,
95% CI: 0.05 - 0.08). Early seniors (55 - 74 years) had 25% of
the hospitalization risk for HF compared to those 75 and above
(IRR =0.25, 95% CI: 0.21 - 0.29).

Table 3 depicts national trends for HF subtypes and their
acuity. Diastolic and systolic HF accounted for 35.63% and
30.09% of inpatients, respectively, followed by combined sys-
tolic-diastolic HF (18.74%). Right, end-stage, and biventricu-
lar HF each accounted for less than 2% of HF cases. Notably,
30,593 (11.81%) HF inpatients were not specified for subtype.
Regarding acuity, 72.68% of inpatients were admitted with
acute on chronic HF, 10.79% with acute HF, and 1.84% with
chronic HF. Additionally, 14.69% of inpatients were unspeci-
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Figure 1. Percentages of heart failure (HF) hospitalizations across age group, race/ethnicity, and sex. This sample-weighted
national estimation illustrates the percentages of patients hospitalized with a primary diagnosis of heart failure stratified by age
groups, race/ethnicity, and sex. Error bars and value in parentheses represent 95% confidence intervals (Cls). HF: heart failure;
API: Asian-American and Pacific Islander.

Table 2. Risk Assessment of HF Encounters for the General Population Estimated by the 2019 US Census

Variables Relative risk (RR) 95% CI of RR P value
Race/ethnicity
White (reference) 1.00
African American 2.49 2.06 - 2.98 <0.0001
Hispanic American 0.88 0.66 - 1.15 0.38
Asian American and Pacific Islander 0.50 0.29 - 0.80 0.01
Other racial/ethnic background 3.48 2.39-4.87 <0.0001
Sex
Female (reference) 1.00
Male 1.38 1.19-1.59 0.0002
Age group
> 75 (reference) 1.00
55-74 0.25 0.21-0.29 <0.0001
35-54 0.06 0.05 - 0.08 <0.0001
18 -34 0.01 0.00 - 0.01 <0.0001

The data were represented as relative risk with 95% CI. Statistical significance was determined to be at P < 0.05, and P value was tested by a Poison
regression. HF: heart failure; Cl: confidence interval; RR: rate ratio.
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Table 3. National Estimation of HF Inpatients Classified by Type and Acuity With Corresponding Hospital Outcomes

Percent
(%)

Weighted estimation (103)

Presentative size

(95% CI)

Sample
size

HF definitions

In-hospital

Hospital outcomes
Total charge ($103)

Length of

mortality (%)

stay (days)

Types of HF defined by affected organ location and function

2.27 (2.20 - 2.40)

59.25 (57.06 - 61.44)
47.84 (46.72 - 48.96)

5.16 (5.09 - 5.24)

30.09
35.63
18.74

77,931  389.66 (374.70 - 404.61)

92,300
48,529

Systolic HF

1.89 (1.80 - 2.00)
2.68 (2.50 - 2.80)

517 (5.13-5.21)

461.50 (444.97 - 478.03)

Diastolic HF

63.79 (60.32 - 67.25)

5.95 (5.85 - 6.05)

242.65 (231.53 - 253.76)
15.32 (14.40 - 16.23)
12.90 (11.82 - 13.97)
20.15 (18.03 - 22.27)

Combined systolic-diastolic HF

Right HF

3.56 (2.90 - 4.60)
4.46 (3.60 - 5.30)
10.33 (9.30 - 11.40)
3.30 (3.10 - 3.50)
1.53 (1.38 - 1.68)

63.65 (58.70 - 68.61)
85.55 (75.34 - 95.75)
174.29 (154.76 - 193.81)
60.49 (58.44 - 62.54)

51.73 (50.33 - 53.12)

6.49 (6.24 - 6.73)
7.63 (7.29 - 7.96)
10.77 (10.14 - 11.40)
5.34(5.23 - 5.44)
4.62 (4.56 - 4.67)

1.18
1.00
1.56
11.81
10.79
72.68
1.84

139.74 (134.74 - 144.74)

152.97 (147.03 - 158.90)
188,106  940.53 (905.79 - 975.27)

3,063
2,579
4,030
30,593
27,948

Biventricular HF
End-stage HF

Other
HF defined and specified by phenotypes of acuity

Acute

Articles © The authors |

2.41 (2.33 - 2.49)

57.85 (55.83 - 59.87)
61.64 (57.45 - 65.83)
64.83 (62.05 - 67.60)
58.28 (56.35 - 60.22)

5.57(5.51 - 5.64)

Acute on chronic

Chronic

2.83(2.17 - 3.48)

4.96 (4.72 - 5.19)

23.89 (22.66 - 25.12)

4,778

3.57(3.34 - 3.79)

14.69 5.58(5.47-5.70)
100

190.97 (183.64 - 198.29)

38,193

Undefined or unspecified

Total

2.49 (2.42 - 2.57)

5.46 (5.40 - 5.52)

1,295.13 (1,249.1 - 1,341)

259,025

The weighted estimates are presented as n with a 95% CI. The term “sample size” refers to the number of inpatients included in the National Inpatient Sample (NIS) of the Healthcare

Cost and Utilization Project (HCUP). HF: heart failure; Cl: confidence interval.

fied in terms of acuity. This category also included all those
unspecified by subtype. A clear trend in acuity was observed
across the HF subtypes (Supplementary Material 2, cr.elmer-
pub.com). The two most common subtypes, diastolic and sys-
tolic, both had over 80% diagnosed as acute on chronic, 14%
as acute, and a mere 1% as unspecified. The combined type
had 82% as acute on chronic, 7% as acute, and 9% unspeci-
fied. Over 10% of right, end-stage, and biventricular HF cases
remained unspecified for acuity.

Hospital outcomes were also significantly different for
subtypes and acuity. On average, the lengths of stay in hos-
pitals ranged from 5.16 days for systolic HF to 10.77 days for
end-stage HF. Their total charges changed from $47,840 for
diastolic HF to $174,290 for end-stage HF patients. Hospital
mortality varied between 1.89% of diastolic HF patients and
10.33% of end-stage HF patients. Comparing the hospital out-
comes for acuity, it was noted that acute HF patients stayed the
shortest duration, were charged the least, and had the fewest
in-hospital deaths. The undefined or unspecified HF inpatients
had the worst outcomes.

HF inpatient subtypes showed strong associations with
demographics (Tables 4, 5). Compared to Whites, ethnic mi-
norities had higher odds of having systolic HF and combined
systolic-diastolic HF, with odds ratios (ORs) ranging from
1.14 to 1.59, less than a two-fold difference. However, His-
panic inpatients were less likely to have right HF (OR = 0.86).
AA patients were 50% more likely to be diagnosed with bi-
ventricular HF (OR = 1.50), but this trend was not observed
in other ethnicities. AAs (OR = 1.71), Hispanics (OR = 1.30),
and other ethnicities (OR = 1.26) showed a higher likelihood
of being diagnosed with end-stage HF. Ethnic minorities had
a higher likelihood of unspecified HF, with ORs between
1.76 and 2.45. Female inpatients had lower odds of all of
HF diagnoses rather than diastolic HF, compared to male
inpatients. Compared to the oldest age group (= 75 years),
younger age groups had higher odds for all other HF types
relative to diastolic HF, including right HF (OR = 8.40), end-
stage (OR = 7.56), biventricular (OR = 5.68), and unspeci-
fied HF (OR = 5.76), followed by systolic HF (OR = 4.43)
and combined HF (OR = 3.07). This suggests that younger
patients were more often admitted with more advanced HF
types than their older counterparts. These differences of risk
strength implies that age played a greater role than race and
sex in profiling HF subtypes. Acuity risk varied by demo-
graphic and subtype. Compared to Whites, AAs, Hispanics,
and individuals who identified as other races/ethnicity were
less likely to be diagnosed with acute HF, with ORs of 0.67,
0.76, and 0.79, respectively. Hispanics and those of other ra-
cial/ethnic background were less likely to be diagnosed with
acute on chronic HF (ORs of 0.85 and 0.81). Minority groups
were also more likely to have unspecified acuity, with ORs
between 1.22 and 2.02. Female inpatients were more likely
to have acute, acute on chronic, and unspecified acuity than
males. Younger (18 - 34) patients had higher odds of acute
or unspecified acuity. Compared to diastolic HF, systolic HF
had a slightly higher risk of being acute but a lower risk of
unspecified acuity. Combined systolic-diastolic HF was less
likely to be acute than acute on chronic and unspecified.
Right, end-stage, and biventricular HF were less likely to be
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Table 4. Relative Risk Assessment for the Clinical Classification of HF Inpatients Defined by ICD-10 Codes

Systolic HF Combined systolic-diastolic HF Right HF
Sociodemographic characteristics
OR (95% CI) Pvalue OR (95% CI) P value OR (95% CI) P value

Race/ethnicity

White as the control group

AA 1.53(1.48-1.59)  <0.0001 1.59(1.52-1.66) <0.0001 0.95(0.84 - 1.07) 0.41

Hispanic 1.29 (1.23-1.35)  <0.0001 1.20(1.12-1.28) <0.0001 0.86 (0.73 - 1.02) 0.01

API 1.21(1.12-1.31)  <0.0001 1.20(1.06 - 1.35) 0.0047 1.10 (0.85 - 1.44) 0.46

Other racial/ethnic background  1.28 (1.19-1.38)  <0.0001 1.14 (1.06 - 1.24) 0.0007 1.12 (0.92 - 1.36) 0.28
Sex

Male as the control group

Female 0.39(0.38-0.40)  <0.0001 0.48 (0.47 - 0.49) <0.0001 0.81(0.75-0.87)  <0.0001
Age group

> 75 as the control group

18-34 4.43(3.93-5.000 <0.0001 3.07(2.69-3.50) <0.0001 8.40 (6.47 - 10.90) <0.0001

35-54 2.48(2.38-2.58)  <0.0001 1.98(1.88-2.07) <0.0001 3.23(2.84-3.67)  <0.0001

55-74 1.50 (1.46-1.53)  <0.0001 1.35(1.31-1.39) <0.0001 1.72 (1.58 -1.87)  <0.0001

Biventricular HF End-stage HF Other undefined types
Sociodemographic characteristics
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Race/ethnicity

White as the control group

AA 1.50 (1.31-1.72) <0.0001 1.71 (1.46 - 2.00) <0.0001  1.99(1.89-2.09) <0.0001

Hispanic 0.91 (0.75 - 1.10) 0.40 1.30 (1.07 - 1.57) 0.007 2.45(229-2.62) <0.0001

API 0.94 (0.68 - 1.29) 0.70 1.12 (0.84 - 1.45) 0.40 2.34(2.12-2.57)  <0.0001

Other racial/ethnic background  1.03 (0.82 - 1.30) 0.81 1.26 (1.03 - 1.54) 0.02 1.76 (1.60 - 1.93) < 0.0001
Sex

Male as the control group

Female 0.47 (0.44 - 0.51) <0.0001  0.36 (0.33-0.38) <0.0001  0.66 (0.65-0.68) <0.0001
Age group

> 75 as the control group

18-34 5.68 (4.14 - 7.79) <0.0001  7.56(5.74 - 9.95) <0.0001 5.76 (5.03-6.59) <0.0001

35-54 3.14 (2,78 - 3.55) <0.0001  2.68(2.35-3.07) <0.0001 2.80(2.66-2.94) <0.0001

55-74 1.76 (1.60 - 1.93) <0.0001 1.60 (1.45-1.77) <0.0001 1.82(1.76-1.88) <0.0001

The data were represented as OR (95% ClI). Statistical significance was determined to be at P <0.05, which was obtained via survey-based logistic
regressions. ICD-10: International Classification of Diseases, 10th Revision; AA: African American; API: Asian-American and Pacific Islander; HF:
heart failure; OR: odds ratio; Cl: confidence interval.

acute or acute on chronic but were more often unspecified

for acuity.

Discussion

Using the 2019 NIS, this study demonstrated that a weighted
estimate of 1.3 million inpatients was admitted to hospitals
with a primary diagnosis of HF, contributing to an overall

484

4.20% in the national inpatient estimation. The rates of HF hos-
pitalization among demographic-specific subgroups revealed
significant disparities: AAs, males, and individuals > 75 years
were disproportionately more likely to be hospitalized with a
primary diagnosis of HF, compared to their counterparts. This
study’s comparison with NIS data from 2007 to 2017 showed
that national hospitalizations for primary HF diagnoses con-
tinued to increase, rising from 1.21 million in 2017 [15]. The
admission rate for a primary HF diagnosis, standardized to
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the national civilian population of 2019, was about 500 per
100,000 people. This rate marks a return to the trend observed
in 2010, after which a decrease had been noted [16].

An important concept of this study is utilizing the ICD-10
coding rules to describe national patterns in clinically classify-
ing HF diagnoses by function, anatomical location, and acu-
ity. This practice aims to promote accurate and comprehensive
coding for emerging innovations in medicine, including pre-
cision and personalized medicine, automatic coding systems,
and artificial intelligence (Al)-supported healthcare [17-19].
Using these detailed codes, we found that systolic HF (30.09%,
n=77931), diastolic HF (35.63%, n =92,300), and combined
systolic-diastolic HF (18.74%, n = 48,529) were predominant
among HF inpatients. We also quantitatively illustrated how
these HF diagnoses correlated with demographic factors. For
instance, compared to White patients with primary diastolic
HEF, all three other ethnic and racial groups were more likely to
receive a systolic HF diagnosis.

Moreover, this study expanded the concept of healthcare
disparities to include the metric of undefined or inaccurate
medical coding practices. Compared to White inpatients, those
of AA, Hispanic, Asian American and Pacific Islander, and
of other ethnic/racial backgrounds were more likely to have
incomplete, inaccurate, or nonspecific codes, with ORs of
1.99, 2.45, 2.34, and 1.76, respectively. They also had higher
chances of unspecified acuity, with ORs of 1.36, 1.73, 2.02,
and 1.22, respectively.

Chronic and unspecified HF, along with advanced pres-
entations of HF, demonstrated higher hospital costs, length of
stay, and mortality. This is supported by other studies, which
have shown that patients diagnosed with HF of an unknown
subtype had high rates of mortality and resource utilization
[20]. End-stage HF had the greatest cost, length of stay, and
inpatient mortality compared to all other examined HF eti-
ologies. Isolated left ventricular HFs (systolic HF, diastolic
HF, combined systolic-diastolic HF) had the lowest inpatient
mortalities, costs, and length of stay with the exception of un-
disclosed HF having a similar length of stay compared to the
isolated left ventricular HFs.

Higher acuity was also found to decrease inpatient mor-
tality and total cost, with length of stay remaining similar in
acute HF and chronic HF patients. This is consistent with cur-
rent literature, likely because patients with acute HF are likely
younger, have less comorbidities, and have lower likelihood
of prior cardiac events [21-23]. However, this study revealed
that younger inpatients were more likely to have less common
subtypes of HF, such as right, end-stage, and biventricular HF.
Compared to inpatients aged 75 or older, those aged 18 - 34
were more likely to be admitted for right HF, biventricular HF,
and end-stage HF. This calls for early intervention and man-
agement of HF risk factors in young adulthood, as well as fur-
ther research to better understand the causal factors associated
with such early and severe diagnoses.

Limitations

Our study’s constraints include our limited ability to explore
clinical mechanisms and explanations, such as vital signs, medi-

cation use, and diagnostic tests of the studied HF etiologies
due to the lack of detailed clinical information available on the
HCUP database. This limitation prevents us from determining
whether appropriate treatments were used that may have influ-
enced demographic trends, hospital outcomes, and acuity. Our
data are also limited in the regard that the HCUP database solely
utilizes inpatient data; HF in hospitals is dominated by acute and
acute on chronic HF, whereas HF overall, including outpatient
cases, may be dominated by chronic HF. Future research should
aim to shed light on how hospital outcomes, including cost,
length of stay, and in-hospital mortality are shaped by clinical
variables such as diagnostic tests and symptoms, in addition to
demographic and socioeconomic factors. Accurately discerning
HF trends while accounting for potential confounding variables
will enable us to devise targeted, effective interventions for HF
management and prevention, subsequently leading to a potential
reduction in hospital expenditures.

Conclusions

The prevailing literature predominantly addresses HF as a sin-
gular diagnostic category. In contrast, our study delves into a
more nuanced understanding, segmenting HF into seven distinct
categories. We estimated the national representative trends of
these seven types and their acuity presentation types and found
that race displayed varied trends depending on the specific HF
category. There is a pronounced increase in HF hospitalization
risks by race, with AAs bearing the most significant burden in
comparison to other racial/ethnic groups. Age also played an
important role in profiling the subtypes and acuity in patients
hospitalized with a primary diagnosis of HF. Young adults had
higher risks of developing less common subtypes of HF - right,
end-stage, biventricular HF - as well as acute HF presentations.
Chronic and undefined acuity of HF had higher mortality rates,
length of stay, and cost of care compared to more acute HF epi-
sodes. However, little research has been conducted on the dif-
ferences between these etiologies and their prevalence, high-
lighting the importance of specific classification of HF acuity at
diagnosis and further research regarding their outcomes.

Supplementary Material

Suppl 1. ICD 10 codes for HF diagnoses, subtypes, and acuity.
Suppl 2. Distributions of HF subtypes by acuity.
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