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Abstract

Aims Hospitalization for heart failure (HF) constitutes a major healthcare and economic burden. Trends and characteristics
of hospitalizations for HF for the recent years are not clear. We sought to determine the trends and characteristics of hospi-
talization for HF in the United States.

Method and results A retrospective analysis of the National Inpatient Sample weighted data between 1 January 2004 and 31
December 2018, which included hospitalized adults > 18 years with primary discharge diagnosis of HF using International
Classification of Diseases-9/10 administrative codes. Main outcomes were trends in hospitalizations for HF (per 1000 person)
and inpatient mortality (%) between 2004 and 2018.

Conclusions Hospitalizations for HF have been increasing across both sexes and age groups since 2013, whereas inpatient
mortality has been decreasing over the study period. Blacks have the highest risk of hospitalization for HF, and Whites have
the highest in-hospital mortality. There are significant racial and geographic disparities related to hospitalizations for HF.
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Background age, sex, race, hospital location, and season and the associ-

ated inpatient mortality and length of stay (LOS).
The prevalence of heart failure (HF) is projected to increase to

more than eight million people in the United States (US) by the
year 2030, and it is already the leading cause of hospitalization
among older US adults and the second most common overall
cause of hospitalization in the US.*™ These hospitalizations
for HF are associated with significant morbidity, mortality,
and healthcare expenditure,5 and stakeholders have increas-
ingly recognized the public health and economic impacts.

Method

We conducted a retrospective analysis of discharge data from
the National Inpatient Sample (NIS) between 1 January 2004
and 31 December 2018. We identified hospitalizations among
patients 18 years or older in the NIS database with a primary
discharge diagnosis of HF using International Classification of
Aim Diseases (ICD), 9th Revision (398.91, 402.01, 402.11, 402.91,

404.01, 404.03, 404.11, 404.13, 404.91, 404.93, and 428.xx)
In this analysis, we sought to report the longitudinal trends in  and 10th Revision (109.81, 111.0, 113.0, 113.2, and 150.xx),
hospitalizations for HF between 2004 and 2018 according to  Clinical Modification codes.®’ We estimated crude primary
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hospitalizations per 1000 US adults, the denominator for
which was extracted from US Census Bureau estimates of
US resident populations for each study year.® These were fur-
ther age-adjusted based on the US standard population from
the year 2000. For subgroup analysis, hospitalizations have
been reported per 1000 respective US subpopulation. Inpa-
tient mortality was estimated as proportion of deaths in HF
hospitalizations over total number of HF hospitalizations for
adult patients. Inpatient mortality trend was adjusted for
age via logistic regression. To account for the NIS sample re-
design in 2012, we used the updated trend weights for the
period between 2004 and 2011 and the original discharge
weights for the years 2012 to 2018. As the missing data for
the race categories were substantial, we applied multivariate
imputation by chained equation to impute the missing data
for race in order to accurately estimate the prevalence
of HF hospitalizations stratified by race groups. Missing

race/ethnicity was imputed using a multinomial logistic
model using age, sex, comorbid conditions, and hospital
characteristics.

We estimated overall trends of primary HF hospitaliza-
tions, stratified by age groups, gender, race, and rural/urban
location of hospitals. We further explored trends in primary
HF hospitalizations stratified by seasons.

Trends in crude and age-adjusted hospitalizations, LOS,
and inpatient mortality were examined using the Joinpoint
Regression Programme. This programme identifies significant
changes among annual trends through joinpoint regression,
which fits models of linear segments where temporal varia-
tion occurred. We performed joinpoint regression under the
assumption of constant variance and uncorrelated errors. An-
nual percentage change (APC) with 95% confidence intervals
(Cl) were calculated using the Monte Carlo permutation test
among intervals identified by the joinpoint regression.

Figure 1 (A) Trends of crude hospitalization for heart failure between 2004 and 2018. (B) Trend of age-adjusted hospitalization for heart failure be-
tween 2004 and 2018. (C) Trends in inpatient mortality for heart failure hospitalizations between 2004 and 2018. (D) Trends in length of stay of heart
failure hospitalizations between 2004 and 2018 [* means annual percentage change (APC) or slope estimate is significantly different from zero at

a = 0.05].
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Joinpoint regression was done using Joinpoint V 4.9.0.0
(available from National Cancer Institute). All other analyses
were performed using Stata 16.1 (StataCorp, LP, College Sta-
tion, Texas). Our analyses took into account survey design
complexity by incorporating sampling weights, primary sam-
pling units, and strata.

Results

Trends in heart failure hospitalization, in-hospital
mortality, and length of stay

Between 2004 and 2013, crude HF hospitalizations declined
from 5.26 hospitalizations per 1000 US adults compared with
3.96 hospitalizations per 1000 US adults with an APC of —3.4
[95% CI (—3.8, —2.9)]; however, this was followed by an in-
crease up to 4.9 hospitalizations per 1000 US adults in 2018
with an APC of 4.7 [95% CI (3.6, 6)]. After adjusting for age,
the same trend was observed with an APC of —4.1 [95% CI

(—4.6, —3.7)] for age-adjusted HF hospitalization between
2004 and 2013 and an APC of 3.5 [95% CI (2.3, 4.7)] for
age-adjusted HF hospitalization between 2013 and 2018.
Between 2004 and 2007, in-hospital mortality for HF
hospitalization declined from 4.0% to 3.2% with an APC of
—5.9 [95% CI (—8.5, —3.2)] followed by a less steep decline
to 2.6% in 2018 with an APC of —1.9 [95% CI (—2.3, —1.5)].
Between 2004 and 2006, mean LOS for HF hospitalizations
decreased from 5.5 to 5.3 days [slope estimate —0.09; SE
(0.03); P value = 0.02] followed by a less steep decline to
5.1 days in 2011 [slope estimate —0.02; SE (0.01); P
value = 0.02]. Following that, an increase in the mean of
LOS of HF hospitalization occurred up to 5.4 days in 2018
[slope estimate 0.03; SE (0.004); P value = 0.01; Figure 1].

Trends according to age, sex, race, and hospital
location

Overall, mean age of HF hospitalizations was 72.3 [mean
(standard error) 0.04] years and female patients accounted

Figure 2 (A) Trends of hospitalization for heart failure according to age between 2004 and 2018. (B) Trends of hospitalization for heart failure accord-
ing to sex between 2004 and 2018. (C) Trends of hospitalization for heart failure according to race between 2004 and 2018. (D) Trends of hospitali-
zation for heart failure according to hospital location between 2004 and 2018 [*means annual percentage change (APC) is significantly different from

zero at o = 0.05].
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for 50% of these hospitalizations. Over the study period,
Whites accounted for 67.2% of HF hospitalizations, Blacks
accounted for 20.2% of HF hospitalizations, and Hispanics
accounted for 8.0% of HF hospitalizations. About 85.8% of
HF hospitalizations were in urban hospitals and 14.2% were
in rural hospitals. Trends in age-adjusted HF hospitalizations
according to age, sex, race, and hospital location are shown
in Figure 2.

Whites had the highest in-hospital mortality rate for HF
hospitalization with a mortality rate of 3.6%. Between 2004
and 2018, both age-adjusted and unadjusted in-hospital
mortality rate for HF hospitalizations decreased across all
races (Figure 3). For Whites, age-adjusted in-hospital
mortality decreased from 3.8% in 2004 to 3.2% in 2007 with
an APC of —6.2 [95% ClI (—8.8, —3.5)] followed by a less
steep decline to 2.6% in 2018 with an APC of —1.8

Figure 3 (A) Trends of unadjusted inpatient mortality of hospitalization for heart failure according to race between 2004 and 2018. (B) Trends of age-
adjusted inpatient mortality of hospitalization for heart failure according to race between 2004 and 2018.
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[95% (—2.1, —1.4)] between 2007 and 2018. For Blacks, age-
adjusted in-hospital mortality decreased from 2.8% in 2004 to
2.0% in 2009 with an APC of —5.8 [95% CI (—7.2, —4.3)]
followed by a less steep decline to 1.9% in 2018 with an
APC of —0.8 [95% (—1.4, —0.2)] between 2009 and 2018.
For Hispanics, age-adjusted in-hospital mortality decreased
from 3.3% in 2004 to 2.3% in 2010 with an APC of —5.9
[95% (—8.7, —2.9)] followed by a statistically nonsignificant
increase to 2.6% in 2013 with an APC of 4.4 [95% CI
(—12.9, 25.2)] between 2010 and 2013. This was followed
by a statistically nonsignificant decrease to 2.1% in 2013 with
an APC of —3.3 [95% CI (—7.1, 0.7)] between 2013 and 2018.

Trends according to season

Between 2004 and 2018, 27.1% of HF hospitalization occurred
in January to March, 25.4% occurred in October to December,
24.9% occurred in April to June, and 22.6% occurred in July
to September. Trends in HF hospitalization according to
season between 2004 and 2018 are shown in Figure 4.

Conclusion

There are several important findings in this NIS analysis of the
characteristics and trends of HF hospitalizations between
2004 and 2018. First, despite an initial decline, there has been
an increase in HF hospitalizations after 2013. Second, this
trend of increase in HF hospitalizations is consistent across
both sexes and age groups (i.e. those who are >65 years old
or younger). HF hospitalizations increased in both Whites
and Hispanics, where remained stable in Blacks during the
latter part of the study period. Despite this plateau, Blacks
have the highest overall rate of hospitalization for HF of all
races. Third, Whites have the highest in-hospital mortality
for HF. Fourth, in-hospital mortality for HF has decreased
over the study period.

The increasing trend of HF hospitalization in the recent
years is likely due to: (i) changing in the profile of patients’
characteristics (i.e. improved overall survival of HF with
increasing ageing population and high burden of comorbid-
ities) and (ii) systematic failure in the healthcare system, for
example, while the introduction of the Hospital Readmis-
sions Reduction Programme in the US, which targeted
readmissions from HF, acute myocardial infarction, and
pneumonia and penalized hospitals with excess readmission
rates, resulted in a reduction in 30 day and 1 year risk of
readmissions for HF, this programme was associated with
an increase in 30 day and 1 year mortality in patients with
HF.>1° As these findings may signal a compromise in opti-
mizing the factors associated with survival in patients with
HF (e.g. initiating/up-titrating guideline-directed medical
therapy and addressing risk factors), most of which are also

associated with an increased risk of hospitalization for HF,
coupled with an increase in the complexity of the comorbid-
ities of these patients, the cumulative adverse effect may
have led to an increase in the long-term risk of hospitaliza-
tion for HF (i.e. >1 year risk) and patients with a
more severe and complex form of HF with recurrent
hospitalizations. The racial and geographic disparities
observed in our study may relate to inequitable access to
HF therapies.*

Consistent with recent NIS analyses showing an increasing
trend of HF hospitalization since 2014,*>*® we show similar
findings, but we also show that despite this trend,
in-hospital mortality for HF hospitalization has been declin-
ing. We also show that this trend is consistent regardless
of the sex or age group. We also show significant racial
disparities related to HF hospitalization as manifested by
higher HF hospitalizations among Blacks compared with
other races, whereas Whites have the highest in-hospital
mortality for HF hospitalizations. In a prior NIS analysis
between 2002 and 2013,** Whites also had the highest
in-hospital mortality for HF hospitalization; in our analysis,
this trend continued beyond 2013. We also show geographic
disparities manifested by a higher burden of HF hospitaliza-
tion in urban hospitals compared with rural hospitals in the
recent years.

Several limitations should be acknowledged in our study.
First, this was a retrospective analysis of the NIS, which is
mainly an administrative database that uses codes for billing
purposes. Second, the analysis was based on data related to
hospital discharges rather than individual patients; there-
fore, patients with recurrent hospitalization may have af-
fected the data and its interpretation. Third, both ICD9
and ICD10 were included due to the switch in ICD coding
in 2015.

In summary, hospitalizations for HF have been increasing
since 2014 among both sexes and age groups. Despite a de-
cline in in-hospital mortality, racial and geographic disparities
exist with the highest hospitalizations for HF being among
Blacks and highest in-hospital mortality for HF being among
Whites along with higher burden of HF hospitalization in ur-
ban hospitals compared with rural hospitals.
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