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Abstract: Nationwide data of the COVID-19 pande-
mic’s impact on heart failure (HF) hospitalizations is
lacking. We conducted this study to elucidate the
impact of the COVID-19 pandemic on HF hospitaliza-
tions. Additionally, we assessed the differences in hos-
pitalization characteristics during the pandemic and
the impact that a concurrent diagnosis of COVID-19
has on various outcomes and predictors of inpatient
mortality among patients admitted for HF. The
National Inpatient Sample (NIS) database was queried
for all hospitalizations with a primary diagnosis of HF
between 2017 and 2020. Monthly HF hospitalizations
were trended longitudinally over this period. Begin-
ning April 1, 2020, concurrent COVID-19 infections
were identified. Subsequently, we stratified HF
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hospitalizations between April 2020 and December
2020 (HF-2020) based on if concomitant COVID-19
was diagnosed, forming the HF-COVID+ve and HF-
COVID�ve groups respectively. HF-2020 was also
compared with prepandemic HF hospitalizations
between April 2019 and December 2019 (HF-2019).
Baseline characteristics were compared, and adjusted
outcomes were obtained. During the initial COVID-19
surge in April 2020, HF admissions were reduced by
47% compared to January 2020. Following this
decline, HF hospitalizations increased but did not
reach prepandemic levels. HF-2020 admissions had an
increased complication burden compared to HF-2019,
including acute myocardial infarction (8.9% vs 6.6%,
P < 0.005) and pulmonary embolism (4.1% vs 3.4%, P
< 0.005) indicating a sicker cohort of patients. HF-
COVID+ve hospitalizations had 2.9 times higher odds
of inpatient mortality compared to HF-COVID�ve
and an increased adjusted length of stay by 2.16 days
(P < 0.005). A pandemic of the same magnitude as
COVID-19 can overwhelm even the most advanced
health systems. Early resource mobilization and pre-
paredness is essential to provide care to a sick cohort
of patients like acute HF, who are directly and indi-
rectly effected by the consequences of the pandemic
which has worsened hospitalization outcomes. (Curr
Probl Cardiol 2023;48:101749.)
Introduction

T
he COVID-19 pandemic rapidly presented an unprecedented

global health challenge that crippled health systems worldwide.

The downstream impact on major diseases is yet to be well char-

acterized and understood to inform resilient changes. Although primarily

a respiratory pathogen, the viral infection is known to effect multiple

organ systems.1 Many investigations have determined a link between

COVID-19 infections and cardiovascular disease, including de novo

manifestations and exacerbation of preexisting chronic disease.2-5 The

preponderance of angiotensin-converting enzyme-2 (ACE2) receptors on

cardiac tissue facilitates viral penetrance that leads to cardiac injury dur-

ing active infection. With the large morbidity of cardiovascular diseases
Curr Probl Cardiol, September 2023



like heart failure (HF) in the U.S. population, the broad implications of

the cardiac involvement from a COVID-19 infection and the impact of

the COVID-19 pandemic on overall healthcare delivery and HF hospital-

izations in the United States on a national scale need improved

characterization.

Studies from countries like the United Kingdom and Italy reported that

during the initial surge of COVID-19 infections, HF admissions were

reduced by 47%-49%.6,7 Estimates from regional centers in the United

States reported a furthermore 62 +/� 7% decrease in acute HF hospital-

izations.8 While there were reports of reduced HF hospitalizations,

COVID-19 was found to be associated with a 45% higher hazard of inci-

dent HF after a COVID-19 infection.9 This discrepancy suggests an

imbalance between the increased healthcare need expected from more

HF cases and healthcare delivery through hospitalizations which needs to

be understood.

This study aims to address this gap in the literature pertaining to

national data in the United States by utilizing the National Inpatient Sam-

ple (NIS). First, we studied the impact of the COVID-19 pandemic on the

trends of HF hospitalizations to ascertain a surrogate for the necessity of

care in these patients. Next, we compared the profile of HF hospitaliza-

tions during the COVID-19 pandemic in 2020 to that of HF hospitaliza-

tions before the pandemic, that is, 2019 to analyze the differences that

hospitalization during the initial surge of the pandemic had on outcomes.

For the HF hospitalizations during the pandemic, we studied the impact

of a concurrent diagnosis. We also studied the predictors of inpatient

mortality in HF exacerbation hospitalizations with concomitant COVID-

19 admissions. This information can be helpful to identify individuals at

high risk of worsened outcomes so that appropriate resources can be allo-

cated to mitigate adverse prognoses.
Methods
We used hospital-reported data from the NIS database, which is the

largest publicly available, all-payer database of hospitalizations in the

United States covering more than 97% of the U.S. population. The NIS

approximates a 20% stratified sample of all discharges from U.S. commu-

nity hospitals, excluding rehabilitation and long-term acute care hospi-

tals. Each observation in the NIS represents an individual hospitalization

with a primary diagnosis and up to 39 secondary diagnoses. All discharge

diagnoses and procedures are coded using the International Classification

of Disease, 10th revision, clinical modification (ICD-10-CM) codes. The
Curr Probl Cardiol, September 2023 3



patient identifiers are removed, and thereby patient confidentiality is

protected.

As this study uses the publicly available database, according to the

Wayne State University Institutional Review Board (IRB) policies, it is

exempt from IRB review.
Study Population
The NIS was queried to identify all adult (>18 years) hospitalizations

with a primary diagnosis of HF from 2017-2020 to capture hospitaliza-

tions that happened primarily for HF (Table 1). The hospitalization rates

were calculated using the U.S. population for that corresponding year as

the denominator. Monthly HF hospitalizations were calculated and

trended over 4 years. The ICD-10-CM diagnosis code for COVID-19:

U07.1, was recorded into NIS data beginning April 1, 2020. Using this

code, HF hospitalizations with concomitant COVID-19 infections were

identified. Subsequently, we classified HF hospitalizations between April

2020 and December 2020 (HF-2020) into HF hospitalizations with and

without concomitant COVID-19 infection, ie, HF-COVID+ve and HF-

COVID�ve, respectively. Furthermore, HF hospitalizations from April

2019 to December 2019 (HF-2019) were separately derived to compare

the profiles of patients admitted during the prepandemic phase with

patients admitted during the COVID-19 pandemic. Clinical characteris-

tics were studied using ICD-10-CM diagnosis and procedure codes out-

lined in supplementary table S1.
Baseline Characteristic
Various baseline characteristics were studied in the above groups, ie,

between HF-COVID+ve vs HF-COVID�ve and between HF-2020 vs

HF-2019. These included demographic factors like age, gender, race,

insurance status, and patient location. Socioeconomic status was studied

via a surrogate marker, ie, median household income in the patient’s zip
Table 1. Number of primary heart failure hospitalizations, as recorded by ICD-10 codes, nation-
ally between 2017 and 2020 from the National Inpatient Sample

Year United States

population

Number of primary

HF admissions

Hospitalization rate per

100,000 population

2017 324,985,539 1,193,385 367.2
2018 326,687,501 1,250,375 382.7
2019 328,239,523 1,296,815 395.1
2020 331,753,003 1,111,550 335.1
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code classified as quartiles. Hospital-level characteristics included hospi-

tal bed size, teaching status, and region of the hospital. Multiple comor-

bidities, including hypertension (HTN), diabetes mellitus (DM),

dyslipidemia (DL), smoking, obesity, known coronary artery disease

(CAD), previous myocardial infarction (MI), previous percutaneous coro-

nary intervention (PCI), previous coronary artery bypass graft surgery

(CABG), atrial fibrillation, valvular heart disease, and Charlson comor-

bidity index were studied. Also, in-hospital events, including acute myo-

cardial infarction (MI), complete heart block (CHB), cerebrovascular

accident (CVA), pulmonary embolism (PE), acute respiratory failure,

acute kidney injury (AKI), cardiogenic shock (CS), septic shock, gastro-

intestinal bleeding, and any bleeding were studied. Various procedures

performed during the hospitalization were studied, including intra-aortic

balloon pump (IABP), peripheral ventricular assist device (PVAD), extra-

corporeal membrane oxygenation (ECMO), left ventricular assist device

(LVAD), CABG, PCI, noninvasive ventilation (NIV), and invasive

mechanical ventilation (IMV). The outcomes studied are in-hospital mor-

tality, Length of Stay (LOS), total hospitalization charges, and total hos-

pitalization cost. Total charges reflect the amount billed by the hospital to

the insurance, while total costs represent the expenses incurred in deliver-

ing the hospital services. Total hospital charges were multiplied by the

cost-to-charge ratio provided by Healthcare Cost and Utilization Project

(HCUP) to calculate hospital costs.
Statistical Analysis
We used the methods described by HCUP for the analysis. Discharge

weights were used to produce national estimates. Above mentioned

baseline characteristics were compared between HF-COVID+ve and HF-

COVID�ve groups and between HF-2019 and HF-2020 groups.

Pearson’s chi-square test was used for categorical variables, and linear

regression was used for continuous variables. Categorical variables were

reported as percentages per 1000 or 10,000, and continuous variables

were reported as a mean.

To study the hospitalization trends over time, we compared the annual

rate of HF hospitalizations per 100,000 persons. We also compared the

monthly rate of HF hospitalizations using the incidence rate ratio (IRR)

estimated by obtaining the monthly hospitalization rate per 100,000

persons of each month in the year 2020 divided by the monthly rate of

hospitalization per 100,000 persons for the corresponding month in the

year 2019.
Curr Probl Cardiol, September 2023 5



To study the impact of concurrent COVID-19 status on hospitaliza-

tions for HF, a multivariate analysis to account for confounding variables

was performed that included multivariate logistic regression for inpatient

mortality and multivariate linear regression for the LOS. Also, the predic-

tors of inpatient mortality were studied in HF-COVID+ve hospitaliza-

tions using multivariate logistic regression analysis. We performed

univariate analysis on demographic and clinical characteristics. Multivar-

iate regression models using the backward selection method were made.

The results were reported as an adjusted odds ratio (aOR) for inpatient

mortality, mean difference for LOS, P-values, and 95% confidence inter-

vals. All analyses were performed using Stata software version 15.1

(Stata Corporation, College Station, TX).

Results
Trends in HF Hospitalizations From 2017 to 2020
From 2017 to 2020, there has been a notable progressive increase in

the number of HF hospitalizations across the United States. The onset of

the COVID-19 pandemic resulted in a sharp decline in the HF hospitali-

zation rate, dropping from a peak of 395.1/100,000 in 2019 to 335.1/

100,000 in 2020, being a 15.2% reduction (Fig 1, Table 1). Notably, the

highest monthly HF hospitalization numbers were observed in January

2020 at 122,540, while the lowest in the 4 years was in April 2020 at

65,760, ie, a 46.3% decline—coinciding with the same month as the num-

ber of COVID-19 cases spiked in the United States (Fig 2).

Monthly HF hospitalizations followed the national trend in the preced-

ing year. They experienced a relative increase in the incidence of
FIG 1. The annual rate of heart failure hospitalizations per 100,000 population from 2017 to
2020.
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FIG 2. The trend of monthly heart failure hospitalizations in the United States from 2017 to 2020.
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FIG 3. Monthly incidence rate (per 100,000 population) of heart failure hospitalizations in
2019 and 2020.
hospitalizations during the prepandemic months of January and February

2020, with IRRs of 1.03 in January 2020 and 1.05 in February 2020

(Figs 3 and 4). Beginning in March 2020, the incidence rate of hospitali-

zation among HF patients exhibited a moderate decrease compared to

baseline, with an IRR of 0.78 compared to March 2019 and a 17.6%

reduction in hospitalizations compared to February 2020. The greatest

relative declines occurred during April 2020, with an IRR of 0.58 com-

pared to April 2019. The incidence of hospitalizations for HF was lower

than in 2019 for all months following April 2020. There was a relative

increase in the IRR of HF hospitalizations in the June-October 2020

period, being between 0.83 and 0.90. Nevertheless, another moderate

decrease in the relative rate of HF hospitalizations between November

2020 and December 2020, with an IRR of 0.80, was noted. This finding

coincided with the second peak of the COVID-19 pandemic that occurred

from November 2020 to April 2021.
FIG 4. The monthly incidence rate ratio of heart failure hospitalizations in 2020 and 2019.
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Demographic and Hospital-Level Characteristics
Between April 2020 and December 2020, there were 783,015 hospital-

izations for HF, out of which 775,225 were HF-COVID�ve, and 7790

were HF-COVID+ve (Table 2). HF-COVID+ve hospitalizations were rel-

atively younger (mean age of 68.4 years vs 70.2 years, P < 0.005). While

constituting the majority in both groups, males represented a higher pro-

portion in the HF-COVID+ve group at 58% compared to the HF-COV-

ID�ve group at 54% (P < 0.005).

While most HF hospitalizations with and without COVID-19 were

among White patients (65% vs 54%), the proportion of hospitalizations

with Black patients within the HF COVID+ve group compared to the HF

COVID�ve group had more than a 5% difference (27% vs 22%). A simi-

lar difference pattern was observed among the Hispanic population (8.1%

vs 14%). These differences are further outlined in Figure 5.

Although most HF admissions were comprised of the lowest income

quartiles, the proportion of admissions from the lowest income quartile

was higher in HF-COVID+ve group compared to HF-COVID�ve group

(38.0% vs 34.0%, P < 0.01, Fig 6). Medicare comprised the majority of

all primary payer sources in both groups, ie, at 71% for HF-COVID�ve

and 67% for HF-COVID+ve, respectively (P < 0.005).

When comparing HF-2020 with HF-2019, there was no significant dif-

ference in demographic characteristics except for a slightly younger

cohort comprising the HF-2020 (70.2 vs 71.3, P< 0.005) when compared

to HF-2019 with a slightly higher representation of males in the HF-2020

group (54% vs 52%, P < 0.005). Complete baseline characteristics are

outlined in Table 2.

Most hospitalizations occurred in large hospital settings. Notably, a

larger percentage of HF-COVID+ve hospitalizations were in central

counties, denoted as metro areas of >1 million in population, in contrast

to the HF-COVID�ve group (36% vs 29%, P < 0.005). Furthermore, the

proportion of hospitalizations in urban teaching institutions was far

greater in the HF-COVID+ve group (77% vs 71%, P < 0.005). Rural

regions had a lower percentage of hospitalizations in the same group

compared to the HF-COVID�ve proportions (8.2% vs 10%, P < 0.005).
Clinical Characteristics
There were no major differences in comorbidity prevalence when com-

paring HF-COVID+ve and HF-COVID�ve hospitalizations in the 2020

group, with specifics outlined in Table 3. In comparison with HF-2019,

there was a higher prevalence of DL (57.0% vs 52.0%, P < 0.005),
Curr Probl Cardiol, September 2023 9



Table 2. Baseline demographic and hospitalization characteristics from the National Inpatient Sample among HF-2019 vs HF-2020 and HF-COVID+ve vs HF-
COVID�ve groups

Baseline demographic and hospital characteristics

Category Variable HF-2019

(N = 953,405)

HF-2020

(N = 783,015)

P-value HF-2020 (N = 783,015)

HF-COVID�ve

(N = 775,225)

HF-COVID+ve

(N = 7,790)

P-value

Age (years) 71.28 70.18 <0.005 70.2 68.37 <0.005
Age category (years) <60 21% 23% <0.005 23% 27% <0.005

60-84 58% 59% 59% 58%
>84 21% 18% 18% 15%

Female 46% 48% <0.005 46% 42% <0.005
Race White 65% 65% 0.9544 65% 54% <0.005

Black 22% 22% 22% 27%
Hispanic 8.1% 8.2% 8.1% 14%
Asian or Pacific Islander 2.2% 2.1% 2.1% 1.6%
Native American 0.6% 0.6% 0.6% 0.8%
Other 2.3% 2.3% 2.3% 2.8%

Primary payer Medicare 74% 71% <0.005 71% 67% <0.005
Medicaid 11% 13% 13% 16%
Private insurance 11% 12% 12% 14%
Self-pay 3.1% 3.3% 3.3% 3.4%
No charge 0.2% 0.2% 0.2% 0.1%

Zip income quartile 1 34% 34% 0.0176 34% 38% 0.0146
2 26% 28% 28% 26%
3 23% 21% 21% 22%
4 17% 16% 16% 15%

Hospital bed size Small 24% 24% 0.7617 24% 22% 0.1104
Medium 30% 29% 29% 28%

(continued on next page)
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Table 2. (continued)

Baseline demographic and hospital characteristics

Category Variable HF-2019

(N = 953,405)

HF-2020

(N = 783,015)

P-value HF-2020 (N = 783,015)

HF-COVID�ve

(N = 775,225)

HF-COVID+ve

(N = 7,790)

P-value

Large 47% 47% 47% 50%
Patient location “Central” counties of metro

areas >1 million population
29% 29% 0.9831 29% 36% <0.005

“Fring” counties of metro area
>1 million population

24% 14% 24% 23%

Counties in metro areas of
250,000-999,999
population

21% 21% 21% 18%

Counties in metro areas of
50,000-249,999

9.5% 9.7% 9.8% 8.1%

Micropolitan Counties 9.6% 9.7% 9.7% 7.4%
Not metropolitan or
micropolitan counties

7.3% 7.4% 7.4% 7.8%

Hospital location-teaching Rural 10% 10% 0.8829 10.2% 8.2% <0.005
Urban nonteaching 19% 19% 19% 14%
Urban teaching 70% 71% 71% 77%

Region of hospital Northeast 18% 18% 0.9433 18% 23% <0.005
Midwest 23% 20% 23% 23%
South 42% 41% 42% 38%
West 17% 42% 17% 16%
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FIG 5. Racial distribution among heart failure hospitalizations from May to December 2020.
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FIG 6. Inpatient mortality and length of stay in HF-2019 vs HF-2020 and HF-COVID+ve vs HF-COVID�ve.
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Table 3. Clinical characteristics from the National Inpatient Sample among HF-2019 vs HF-2020 and HF-COVID+ve vs HF-COVID�ve groups

Clinical characteristics

HF-2019

(N = 953,405)

HF-2020

(N = 783,015)

P-value HF-2020

(N = 783,015)

HF-COVID�ve

(N = 775,225)

HF-COVID+ve

(N = 7790)

P-value

Comorbidities

Hypertension 93% 93% 0.7775 93% 94% 0.511
Diabetes mellitus 49% 50% 0.0428 50% 53% 0.0031
Dyslipidemia 52% 57% <0.005 57% 55% 0.992
Smoking 14% 16% <0.005 16% 11% <0.005
Obesity 27% 30% <0.005 30% 28% 0.1002
Known coronary artery disease 53% 53% 0.3899 53% 50% 0.0681
Previous myocardial infarction 17% 17% <0.005 17% 16% 0.1742
Previous percutaneous coronary intervention 14% 13% <0.005 13% 14% 0.5224
Previous coronary artery bypass graft 14% 13% <0.005 12% 13% 0.5076
Atrial fibrillation 32% 29% <0.005 29% 31% 0.156
Valvular heart disease 29% 29% <0.005 29% 25% <0.005
In-hospital events

Acute myocardial infarction 6.6% 8.9% <0.005 8.9% 9.7% 0.2568
Complete heart block 0.9% 1.1% <0.005 1.1% 1.3% 0.4426
Cerebrovascular accidents (per 10,000) 37 47 <0.005 47 71 0.1707
Pulmonary embolism (per 10,000) 69 93 <0.005 93 103 0.6973
Acute respiratory failure 33% 36% <0.005 36% 37% 0.2928
Acute kidney injury 34% 37% <0.005 37% 40% 0.0059
Septic shock (per 10,000) 41 54 <0.005 53 154 <0.005
Cardiogenic shock 3.4% 4.1% <0.005 3.4% 4.1% 0.1495
Gastrointestinal bleed 1.9% 2.2% <0.005 2.2% 2.7% 0.1818

(continued on next page)
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Table 3. (continued)

Clinical characteristics

HF-2019

(N = 953,405)

HF-2020

(N = 783,015)

P-value HF-2020

(N = 783,015)

HF-COVID�ve

(N = 775,225)

HF-COVID+ve

(N = 7790)

P-value

All bleeds 2.4% 2.8% <0.005 2.8% 3.5% 0.2928
Procedures

Intra-aortic balloon pump (per 10,000) 32 38 0.0968 38 71 0.0763
Peripheral ventricular assist device (per 10,000) 32 38 0.0911 38 45 0.6386
Extracorporeal membrane oxygenation (per 10,000) 6.7 8.9 0.1188 8 13 0.5618
Left ventricular assist device (per 10,000) 18 20 0.5852 20 26 0.5832
Coronary artery bypass graft (per 10,000) 19 23 0.0135 23 19 0.7346
Percutaneous coronary intervention (per 10,000) 120 130 <0.005 134 51 0.046
Noninvasive ventilation 9.7% 9.6% 0.758 9.6% 8.4% 0.1338
Invasive mechanical ventilation 2.0% 2.5% <0.005 2.5% 5.2% <0.005
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smoking (16.0% vs 14.0%, P < 0.005), and obesity (30.0% vs 27.0%, P

< 0.005) in HF-2020.

When comparing HF-COVID+ve hospitalizations with HF-COV-

ID�ve, there were noticeable differences in in-hospital events. There

was a significant increase in the incidence of AKI (40.0% vs 37.0%,

P = 0.005) and septic shock (1.5% vs 0.5%, P < 0.005) among HF-

COVID+ve compared to HF-COVID�ve hospitalizations. There was a

higher utilization of IMV (5.2% vs 2.5%, P < 0.005) among HF-COVID

+ve hospitalizations compared to HF-COVID�ve.

When comparing in-hospital events between HF-2020 and HF-2019

groups (Table 3), there was a significant increase in the incidence of acute

myocardial infarction (AMI) (8.9% vs 6.6%, P < 0.005), CS (4,1% vs

3.4%, P < 0.005), and CHB (1.1% vs 0.9%, P < 0.005). Notably, there

was an increase in the incidence of both PE (9.3% vs 6.9%, P < 0.005)

and AKI (37.0% vs 34.0%) in HF-2020 compared to HF-2019. There was

no major difference in the requirement for invasive cardiovascular inter-

ventions, including IABP, PVAD, and LVAD.
Outcomes and Predictors
Inpatient mortality for the HF-COVID+ve group was markedly higher

compared to the HF-COVID�ve group, ie, 8.0% vs 2.7% (P < 0.005)

with 2.86 times higher aOR of inpatient mortality (95% CI 2.27-2.62, P

< 0.005) (Table 4). We observed that cardiac arrest (aOR, 19.302; P <

0.01), IABP (aOR, 9.758; P < 0.01), septic shock (aOR, 8.85; P < 0.01)

and advanced age (> = 85 vs < 60 years; aOR 3.74, P < 0.01; 60-84 vs

< 60 years; aOR 1.3, P < 0.01) were significantly associated with in-hos-

pital mortality in HF-COVID+ve patients (Table 5).

The LOS in the HF-COVID+ve group was 8.08 days, significantly

higher than the 5.59 days (P < 0.005) found in the HF-COVID�ve
Table 4. Outcomes among HF-2019 vs HF-2020 and HF-COVID+ve vs HF-COVID�ve groups

Outcomes

Outcome HF-2019

(N = 953,405)

HF-2020

(N = 783,015)

P-value HF-2020 (N = 783,015)

HF-COVID�ve

(N= 775,225)

HF-COVID+ve

(N= 7790)

P-value

In-hospital
mortality

2.4% 2.8% <0.005 2.7% 8.0% <0.005

Length of stay 5.4 days 5.62 days <0.005 8.08 days 5.29 days <0.005
Total charge $57,850 $63,936 <0.005 $63,787 $78,709 <0.005
Total cost $13,525 $15,160 <0.005 $15,124 $18,671 <0.005
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Table 5. Multivariate logistics regression analysis for predictors of inpatient mortality among HF-
COVID+ve patients

Variable Odds ratio P-value [95% conf. interval]

Age category (years)
60-84 vs <60 3.321 0.002 1.533 7.189
> = 85 vs <60 8.205 <0.001 3.354 20.072
Interventions or events
Intra-aortic balloon pump 9.758 0.001 2.585 36.835
Invasive mechanical ventilation 7.835 <0.001 3.863 15.89
Acute respiratory failure 5.672 <0.001 3.245 9.917
Septic shock 8.845 0.002 2.293 34.119
Cardiac arrest 19.302 <0.001 5.727 65.061
Acute kidney injury 2.699 <0.001 1.605 4.539
group. Multivariate linear regression analysis demonstrated that the

adjusted mean difference in the LOS between HF-COVID+ve and HF-

COVID�ve was 2.16 days (95% CI 1.65-2.67, P < 0.005).

Hospitalization charges and costs were also significantly elevated for the

HF-COVID+ve group than HF-COVID�ve group ($78,709 vs $63,787, P

< 0.005 and $18,671 vs $15,124, P < 0.005, respectively). HF-2020 had

higher total cost and total charge compared to HF-2019 ($63,936 vs

$57,850, P < 0.005 and $15,160 vs $13,525, P < 0.005, respectively).

Unadjusted outcomes comparatively are depicted visually in Figure 6.

Univariate and multivariate regression analyses for in-hospital mortality

among the HF-2020 group alongside univariate logistic regression analy-

sis for inpatient mortality among the HF-COVID+ve group are depicted

in Supplementary Tables S2-S4.
Discussion
The onset of the COVID-19 pandemic has profoundly impacted

healthcare delivery in the United States. To the best of our knowledge,

this is the first nationwide study to assess the impact of the COVID-19

pandemic on HF hospitalizations.
HF Trends From 2017 to 2020
Studies using the NIS database reported that from 2013 to 2018, there

had been a steady increase in the number of HF hospitalizations across

different age groups and sexes.10 Our study showed an initial increase in

HF hospitalizations in the prepandemic years, ie, 2017-2019, as reported

in previous studies. This uptrend was followed by a sharp “dip” in 2020,
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with annual hospitalizations for all HF patients per 100,000 falling from

395.1/100,000 hospitalizations in 2019 (the highest they have been com-

pared to the prior 3 years) to 335.1/100,000 in 2020. This trend is consis-

tent with results from other countries showing similar downtrends

without recovery to a prepandemic baseline of hospitalizations, noting

that milder acute HF patients may avoid coming to the hospital.11 During

the first wave of the pandemic, significant resources were diverted toward

caring for patients with COVID-19 and its related health complications

while supplementing with technological methods to provide case. The

consequence of the reconfiguration of healthcare delivery that followed

resulted in a significant reduction in the hospitalizations of several non-

COVID conditions, including acute HF.

Unlike other noncardiac conditions, which recovered to prepandemic

levels after the first “dip,” the HF hospitalizations did not return to the

prepandemic level during the study period.12 Multiple reasons can

explain this incomplete recovery. First, telemedicine resources were rap-

idly mobilized, after the initial surge, to manage a proportion of HF

patients remotely.13,14 Second, there was perceived anxiety and enhanced

hesitancy among patients in accessing healthcare infrastructure and rou-

tine medical care. Although strategies were employed to help the health

delivery system cope with the pandemic’s peak, most protocols were

developed hastily and with limited evidence. During the second pandemic

peak, HF hospitalization rates dropped to their lowest, with an IRR of

0.79, highlighting the ineffective pandemic response to cope with cardio-

vascular health demands. Timely preparedness on the part of the health

system, with a more robust utilization of telemedicine for this group of

patients who are always at risk of sudden worsening of their underlying

condition, can potentially aid in better management in the future.
Demographic Characteristics
Men with HF are found to possess an increased concentration of ACE-

2 receptor in conjunction with a decreased immune response, evidencing

that the male sex is an antecedent for worsened severity of a COVID-19

infection’s on their cardiovascular health.15 Our study showed that Black

and Hispanic individuals bore a disproportionate rate of COVID-19 infec-

tions and HF hospitalizations during the early months of the pandemic

when compared to White individuals. These data are consistent with

global reports, uncovering possible key health disparities and socioeco-

nomic determinants of health. The reasons for these disparities are com-

plex, including the disproportionate level of poverty and the prevalence
18 Curr Probl Cardiol, September 2023



of underlying comorbidities among minority communities. Furthermore,

the pervasive effects of structural racism have emerged a lack of health-

care access in multigenerational households predisposing to environ-

ments that increase the risk of transmission of COVID-19.16-19

Interestingly, the proportion of rural hospitalizations that were HF-

COVID+ve was lower than those not infected, while hospitalizations at

urban teaching hospitals increased. This difference was not identified in

the HF-2019 vs HF-2020 data. Still, subanalysis among the HF-2020 pre-

sented a significant proportion of HF-COVID+ve hospitalizations

occurred in central counties and metropolitan areas with >1 million in

population. There may be a preference for urban centers to take care of

HF-COVID+ve cases due to the greater complexity while also denoting

that the increased density of metropolitan areas likely contributed to a

higher number of infections. Furthermore, nationwide hospital closures

in rural regions grew before 2020 and, continued to accelerate during the

pandemic.20 This may have influenced rural patients to seek care at urban

institutions, but more data is required to characterize these observations.
Clinical Characteristics
From the co-morbidity proportions recorded in the NIS, it was evident

that a significant proportion of HF-COVID+ve hospitalizations had

tobacco use disorder and obesity. When comparing HF-2019 to HF-2020

hospitalizations, the relative proportions of these co-morbidities in HF

hospitalizations were also elevated in HF-2020 by significant margins.

The CDC describes obesity as having an almost 3 times greater risk for

hospitalization from a COVID-19 infection.21

The incidence of AKI was higher in HF-COVID+ve hospitalizations

than in those not infected. While likely multifactorial in cause, studies

have suggested a concomitant COVID-19 infection may propagate

decreased cardiac output by impairing cardiac activity or causing primary

kidney injury through viral infection.22

Cardiovascular complications, including AMI, CHB, and CS, were

also significantly elevated in HF-2020 hospitalizations compared to HF-

2019 hospitalizations. While COVID-19 infections have been associated

with elevated incidence and in-hospital mortality from AMI in a multi-

center registry study,23 there are only sparse case reports on the

infection’s attribution with CHB24,25 and CS.26,27 Additionally, there was

a far greater incidence of PE (9.3% vs 6.9%, P < 0.005) in the HF-2020

group compared to HF-2019. This finding was in line with the incidence

of PE reported in other studies.28
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Our results also reflect that a sicker cohort of HF patients, with a

greater co-morbidity burden, were admitted in 2020 compared to 2019.

There can be multiple reasons to explain this finding, including patients

with mild degrees of illness avoiding healthcare exposure due to per-

ceived anxiety and a proportion of HF patients being managed remotely

through telemedicine. It is to be noted that this cohort of patients,

although minor degree compared to patients who were admitted, still rep-

resent patients that are triaged as high acuity, with potential for sudden

adverse outcomes. Proactive utilization of telemedicine health tools can

potentially help in the management of many of these patients.
Outcomes and Predictors of In-Hospital Mortality
Mortality was also markedly increased in the HF-COVID+ve group, with

both the incidence of cardiac arrest (aOR, 19.3; P < 0.01) and IABP imple-

mentation (aOR, 9.76; P < 0.01) being the first and second most likely pre-

dictors for mortality in our cohort respectively. This is consistent with other

reports, presenting similar differences in mortality ranging from a 2- to a 4-

fold increase.29-31 This is most likely attributed to the physiological burden

of an active COVID-19 infection. Active infections can increase both car-

diac stress and the likelihood of primary cardiac injury which can diminish

the vitality of functioning myocardium. HF patients already have a baseline

reduced cardiac capacity, and infectious demand may exhaust what remains.

While most of the studies reporting on LOS are single-center, this national

database study has shown a significant increase in LOS by around 2 days in

HF-COVID+ve infections nationally. Increased clinical severity of HF, indi-

cated by New York Heart Association (NYHA) class, is well documented to

increase LOS.32 These links suggest that a more significant proportion of HF

hospitalizations with concomitant COVID-19 infections had a higher sever-

ity of pre-existing HF and subsequent illness during hospitalization.

A COVID-19 infection has also been found to manifest a primary sep-

tic shock event in upwards of 70.8% of total septic episodes in a cohort

by Shappell et al.,33 thereby underscoring the need for vigilance in

infected patients. Subsequently, a con-current COVID-19 infection

almost doubles the incidence of mortality among those experiencing sep-

tic shock, regardless of cause.34 We report that there is a substantial risk

of mortality in patients admitted with HF who have a concurrent COVID-

19 infection (aOR, 8.85; P < 0.01). While we were unable to discern the

cause of septic shock within our cohort, our findings suggest patients

infected with COVID-19 with a HF admission should be routinely evalu-

ated for septic features due to these associations.
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Limitations
Though our study has the essential strengths of a larger size and real-

world data, the NIS relies on claims data, which can incur inaccurate bill-

ing and underestimation of covariates of interest, thus leading to coding

bias. We acknowledge that during the initial surge of COVID-19 cases,

the health system was overwhelmed, and this would have at least partially

impacted the accuracy of coding and the quality of data, especially for

secondary diagnosis and procedure codes. More granular clinical infor-

mation, such as the results of diagnostic tests and medication use, is

unavailable in the database and, thereby could not be accounted for in the

analysis. We could not evaluate the causes that could have contributed to

this difference. Especially since they are not patient-related but related to

the hospital (eg, staffing differences).
Conclusion
The COVID-19 pandemic has dramatically impacted U.S. healthcare

delivery in several ways. There was a nationwide sharp decrease in hospi-

tal admissions for HF, following which the HF hospitalization numbers

plateaued but did not reach the prepandemic levels. The HF hospitaliza-

tions during the COVID-19 pandemic constituted patients with higher

illness severity than prepandemic hospitalizations. And for HF hospital-

izations during the pandemic, a concurrent COVID-19 infection was

associated with worse outcomes, including an increase in in-hospital mor-

tality and length of stay. This information can be helpful in the future to

proactive prepare the health system to deal with a challenge of this mag-

nitude, which ensure that the quality of care to this vulnerable population

is not compromised.
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