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OBJECTIVES The purpose of this study was to evaluate in-hospital outcomes among patients with a history of heart

failure (HF) hospitalized with coronavirus disease-2019 (COVID-19).

BACKGROUND Cardiometabolic comorbidities are common in patients with severe COVID-19. Patients with HF may be

particularly susceptible to COVID-19 complications.

METHODS The Premier Healthcare Database was used to identify patients with at least 1 HF hospitalization or 2 HF

outpatient visits between January 1, 2019, and March 31, 2020, who were subsequently hospitalized between April and

September 2020. Baseline characteristics, health care resource utilization, and mortality rates were compared between

those hospitalized with COVID-19 and those hospitalized with other causes. Predictors of in-hospital mortality were

identified in HF patients hospitalized with COVID-19 by using multivariate logistic regression.

RESULTS Among 1,212,153 patients with history of HF, 132,312 patients were hospitalized from April 1, 2020, to

September 30, 2020. A total of 23,843 patients (18.0%) were hospitalized with acute HF, 8,383 patients (6.4%) were

hospitalized with COVID-19, and 100,068 patients (75.6%) were hospitalized with alternative reasons. Hospitalization

with COVID-19 was associated with greater odds of in-hospital mortality as compared with hospitalization with acute HF;

24.2% of patients hospitalized with COVID-19 died in-hospital compared to 2.6% of those hospitalized with acute HF.

This association was strongest in April (adjusted odds ratio [OR]: 14.48; 95% confidence interval [CI]:12.25 to 17.12) than

in subsequent months (adjusted OR: 10.11; 95% CI: 8.95 to 11.42; pinteraction <0.001). Among patients with HF hospi-

talized with COVID-19, male sex (adjusted OR: 1.26; 95% CI: 1.13 to 1.40) and morbid obesity (adjusted OR: 1.25; 95% CI:

1.07 to 1.46) were associated with greater odds of in-hospital mortality, along with age (adjusted OR: 1.35; 95% CI: 1.29

to 1.42 per 10 years) and admission earlier in the pandemic.

CONCLUSIONS Patients with HF hospitalized with COVID-19 are at high risk for complications, with nearly 1 in 4 dying

during hospitalization. (J Am Coll Cardiol HF 2021;9:65–73) © 2021 by the American College of Cardiology Foundation.
T he coronavirus disease-2019 (COVID-19)
pandemic has led to devastating morbidity
and mortality worldwide. Underlying comor-

bidities including diabetes, coronary artery disease,
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ABBR EV I A T I ON S

AND ACRONYMS

COVID-19 = coronavirus

disease-2019

HF = heart failure

ICD = International

Classification of Diseases

OR = odds ratio

SARS-CoV2 = severe acute

respiratory syndrome-

coronavirus-2
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increased cardiovascular risk (3–5). It has
been postulated that, because severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) enters cells through the angiotensin-
converting enzyme-2 (ACE-2) receptor (6–8),
dysregulations of the renin-angiotensin sys-
tem may play a role in COVID-19 severity. Pa-
tients with underlying heart failure (HF), in
whom maladaptive activation of the renin-
angiotensin system is common, may be
particularly susceptible to COVID-19 compli-
cations. Myocardial injury and worsening ventricular
function associated with COVID-19 infection have
also been reported (9,10). There are currently limited
data examining clinical outcomes in patients with a
history of HF hospitalized with COVID-19; therefore,
we investigated clinical characteristics, resource
use, and in-hospital outcomes in patients with HF
hospitalized with COVID-19 in a large, administrative
U.S. health care database.
SEE PAGE 74
METHODS

DATA SOURCES. Patients with HF were identified in
the Premier Healthcare Database (Premier, Inc.,
Charlotte, North Carolina). The Premier Healthcare
Database is a large, multicenter, all-payer database
which includes data from more than 1,041 health care
entities and health systems in the United States,
encompassing more than 8 million annual U.S. hos-
pitalizations in addition to outpatient encounters (11).
Data were collected and deidentified by Premier, Inc.,
and raw data were transferred to and analyzed at
Brigham and Women’s Hospital. The Massachusetts
General Brigham Institutional Review Board
approved the study protocol.

COHORT IDENTIFICATION. International Classifica-
tion of Disease 10th revision (ICD-10) diagnostic codes
were used to identify patients with a history of HF
who were subsequently hospitalized during the
pandemic period, defined as April 1, 2020, to
September 30, 2020 (Supplemental Table 1). History
of HF was defined based on the presence of either: 1) a
qualifying hospitalization with HF from January 1,
2019 to March 31, 2020; or 2) 2 qualifying outpatient
encounters with HF over the same time period, a
claims-based approach associated with high speci-
ficity for HF (12). Hospitalizations during the
pandemic period among patients identified as having
a history of HF were categorized as being related to
acute HF, COVID-19, or other reasons. Subsequent
hospitalizations for acute HF were defined by a
primary (first-coding position) discharge diagnosis for
HF. Hospitalizations with COVID-19-infected patients
during the same time frame were defined as those
with a primary or secondary discharge diagnosis
including the ICD-10 code U07.1 (COVID-19-virus
identified), which was introduced by the Centers for
Disease Control and Prevention on April 1, 2020
(Supplemental Figure 1). Patients with a primary
discharge diagnosis of acute HF and a secondary
diagnosis of COVID-19 were categorized as being
hospitalized with COVID-19. Only a patient’s first
hospitalization in this time period was considered.

Medical conditions were defined using ICD-10
codes reported during hospitalization (Supplemental
Table 2). Outcomes during hospitalization were
defined by ICD-10 procedure or billing codes
(Supplemental Tables 3 and 4). Use of the intensive
care unit (ICU) was defined by a billing code for ICU
room or daily ventilator management. Discharge
disposition and in-hospital mortality were available
for all hospitalizations.

STATISTICAL ANALYSIS. Baseline characteristics,
comorbidities, and presenting characteristics were
summarized by hospitalization category (acute HF,
COVID-19, other). Use of ICU resources, mechanical
ventilatory needs, renal replacement therapy re-
quirements, invasive hemodynamic monitoring,
and in-hospital mortality were compared between
hospitalization categories by using Pearson’s chi-
squared tests. Risk-adjusted odds of in-hospital
mortality as well as of the composite of in-hospital
mortality or mechanical ventilation in patients with
HF hospitalized with COVID-19 were evaluated by
multivariate logistic regression. Hospitalization with
acute HF served as the reference group. Among
patients with HF hospitalized for COVID-19, predictors
of the outcomes of in-hospital mortality as well as of
in-hospital mortality or mechanical ventilation were
assessed using multivariate logistic regression
modeling. Statistical analyses were conducted using
STATA version 14.2 software (Stata Corp., College
Station, Texas). A two-tailed p value < 0.05 was
considered statistically significant.

RESULTS

A total of 48,086,075 patient encounters were
analyzed in the Premier Healthcare Database to
identify 1,212,153 unique patients with a history of
HF. From April 1, 2020, to September 30, 2020, there
were 2,041,855 incident hospitalizations, of which
132,312 hospitalizations (6.5%) occurred in patients
identified as having a history of HF. Among patients
with a history of HF hospitalized during the
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CENTRAL ILLUSTRATION Breakdown of Hospitalizations in Patients With HF During the COVID-19 Pandemic
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This figure shows hospitalizations among patients with HF during the pandemic in comparison to COVID-19 hospitalizations in patients without a history of HF. In-

hospital mortality is described by hospitalization type. Among those who survived hospitalization, the proportion of patients requiring post-acute services, and those

discharged with hospice services are also reported.
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pandemic, 23,843 patients (18.0%) were hospitalized
with acute HF, 8,383 patients (6.4%) were hospital-
ized with COVID-19, and 100,068 patients (75.6%)
were hospitalized with other reasons (Central
Illustration). A total of 178 patients (0.8%) had a pri-
mary discharge diagnosis of HF and a secondary
diagnosis of COVID-19. Among patients hospitalized
during the pandemic without a history of HF, 141,895
patients (7.4%) were hospitalized with COVID-19.

Patients with HF hospitalized with COVID-19 were
older, more likely to identify as Black and/or
Hispanic, and had higher rates of diabetes and kidney
disease than those hospitalized with acute HF and
other causes (p < 0.001 for all) (Table 1). Patients with
HF hospitalized with COVID-19 had significantly
greater in-hospital resource use as compared to those
hospitalized with acute HF or other reasons. Resource
utilization included multifold higher rates of ICU care
(29% vs. 15%), mechanical ventilation (17% vs. 6%),
and central venous catheter insertion (19% vs. 7%;
p < 0.001 for all) (Figure 1). Among patients with HF
hospitalized with COVID-19, extracorporeal
membrane oxygenation (ECMO) was incorporated in
the care of 3 patients (0.04%), whereas any form of
temporary mechanical circulatory support, including
ECMO, was used in 11 patients (0.13%). For reference,
among patients without HF hospitalized with COVID-
19, rates of ECMO and any temporary mechanical
circulatory support use were 0.25% and 0.36%,
respectively.

Patients with HF hospitalized with COVID-19 had
an in-hospital mortality rate of 24.2% (n ¼ 2,026)
compared with 2.6% (n ¼ 617) in patients hospitalized
with acute HF and 4.6% (n ¼ 4,542) in patients hos-
pitalized with other reasons during the same time
frame. Among patients surviving hospitalization, use
of skilled nursing or rehabilitative care was higher in
patients hospitalized with COVID-19 (41.0%)
compared to those hospitalized with acute HF (13.0%)
and other reasons (21.3%) (Central Illustration). For
reference, among 141,895 patients without a history
of HF who were hospitalized with COVID-19 during
the study period, the in-hospital mortality rate was
14.2% and the use of post-acute care services was



TABLE 1 Baseline Characteristics in Patients With History of HF from April 1, 2020, to

September 30, 2020

Other Hospitalizations
(n ¼ 100,068)

Acute HF
Hospitalizations
(n ¼ 23,843)

COVID-19
Hospitalizations

(n ¼ 8,383)

Age, yrs 70.3 � 13.4 70.4 � 13.6 71.7 � 13.2

Males 50,592 (50.6) 12,758 (53.5) 4,178 (49.8)

Race/ethnicity

Black Hispanic 256 (0.3) 86 (0.4) 34 (0.4)

Black non-Hispanic 14,983 (15.0) 4,807 (20.2) 1,892 (22.6)

Other/unknown 22,332 (22.3) 5,389 (22.6) 2,659 (31.7)

White Hispanic 3,430 (3.4) 904 (3.8) 406 (4.8)

White non-Hispanic 59,085 (59.0) 12,657 (53.1) 3,392 (40.5)

Black or Hispanic 22,442 (22.4) 6,939 (29.1) 3,147 (37.5)

Discharge month

April 26,471 (26.4) 6,211 (26.0) 2,781 (33.2)

May 22,826 (22.8) 5,903 (24.8) 1,892 (22.6)

June 20,317 (20.3) 5,094 (21.4) 1,044 (12.5)

July 16,624 (16.6) 3,711 (15.6) 1,511 (18.0)

August 10,463 (10.5) 2,216 (9.3) 900 (10.7)

September 3,385 (3.4) 708 (3.0) 255 (3.0)

Region

Midwest 28,589 (28.6) 6,341 (26.6) 1,843 (22.0)

Northeast 17,000 (17.0) 4,212 (17.7) 2,852 (34.0)

South 43,453 (43.4) 10,605 (44.5) 3,062 (36.5)

West 11,044 (11.0) 2,685 (11.3) 626 (7.5)

Teaching hospital 2,055 (61.9) 2,074 (59.5) 776 (49.1)

LVEF Category

HFrEF “systolic” 40,500 (40.5) 13,542 (56.8) 3,318 (39.6)

HFpEF “diastolic” 40,283 (40.2) 8,263 (34.7) 3,486 (41.6)

Unspecified 19,303 (19.3) 2,038 (8.5) 1,579 (18.8)

Comorbidities

Obesity 28,567 (28.5) 8,478 (35.6) 2,461 (29.4)

Morbid obesity 16,558 (16.5) 5,372 (22.5) 1,425 (17.0)

Hypertension 82,535 (82.5) 22,819 (95.7) 6,997 (83.5)

Diabetes 53,785 (53.7) 13,669 (57.3) 5,107 (60.9)

History of arrhythmia 54,374 (54.3) 14,980 (62.8) 4,548 (54.3)

Valvular disease 20,622 (20.6) 7,985 (33.5) 1,417 (16.9)

Kidney disease 52,247 (52.2) 15,692 (65.8) 5,020 (59.9)

ESKD 13,609 (13.6) 2,493 (10.5) 1,689 (20.1)

Smoking 53,103 (53.1) 13,170 (55.2) 3,665 (43.7)

Pulmonary disease 44,353 (44.3) 11,503 (48.2) 3,539 (42.2)

Asthma 6,419 (6.4) 1,515 (6.4) 628 (7.5)

Anemia 8,500 (8.5) 2,670 (11.2) 628 (7.5)

Malignancy 6,562 (6.6) 708 (3.0) 290 (3.5)

Values are mean � SD or n (%). p < 0.001 for all comparisons.

ESKD ¼ end-stage kidney disease; HFpEF¼ heart failure with preserved ejection fraction; HFrEF ¼ heart failure
with reduced ejection fraction; LVEF ¼ left ventricular ejection fraction.
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18.6% among survivors. After adjustment for de-
mographic and clinical covariates, hospitalization
with COVID-19 among patients with HF was strongly
associated with greater odds of in-hospital mortality
as compared with hospitalization for acute HF. There
was heterogeneity in this association by time of hos-
pitalization, with greater odds of in-hospital mortal-
ity in those patients discharged in April 2020
(adjusted odds ratio [OR]: 14.48; 95% confidence
interval [CI]: 12.25 to 17.12) compared with in those
discharged in subsequent months (adjusted OR: 10.11;
95% CI: 8.95 to 11.42; pinteraction <0.001). Hospitali-
zation with COVID-19 also conferred significantly
greater odds for the composite outcome of in-hospital
mortality or mechanical ventilation as compared with
hospitalization with acute HF (Table 2).

Among patients with HF hospitalized with COVID-
19 (n ¼ 8,383 patients), age and admission during
earlier months of the pandemic were strongly pre-
dictive of adverse outcomes in multivariate analyses
(Figures 2A and 2B). Odds of in-hospital mortality
increased with age (adjusted OR: 1.35; 95% CI: 1.29 to
1.42 per 10 years). Odds of in-hospital mortality were
also greater in men (adjusted OR: 1.26; 95% CI: 1.13 to
1.40) and in those who were morbidly obese (adjusted
OR: 1.25; 95% CI: 1.07 to 1.46), diabetic (adjusted OR:
1.13; 95% CI: 1.01 to 1.26), and had kidney disease
(adjusted OR: 1.45; 95% CI: 1.30 to 1.62). Similarly,
odds of in-hospital mortality or mechanical ventila-
tion were greater in male patients (adjusted OR: 1.24;
95% CI: 1.12 to 1.37), in patients who were morbidly
obese (adjusted OR: 1.52; 95% CI: 1.33 to 1.74), and in
diabetic patients (adjusted OR: 1.13; 95% CI: 1.02 to
1.26). History of hypertension was not significantly
associated with increased odds of in-hospital mor-
tality alone or need for mechanical ventilation
(adjusted OR: 1.04; 95% CI: 0.91 to 1.19) or in-hospital
mortality (adjusted OR: 0.99; 95% CI: 0.86 to 1.14)
among patients with HF hospitalized with COVID-19.

DISCUSSION

In this analysis of 132,312 patients with HF hospital-
ized during the COVID-19 pandemic, of whom 8,383
were hospitalized with COVID-19, nearly one in four
patients hospitalized with COVID-19 died during
hospitalization, corresponding to 14-fold greater odds
of dying in April and 10-fold greater odds of dying in
subsequent months compared with those hospital-
ized with acute HF during the same period. Hospi-
talization with COVID-19 was also associated with
multifold increases in the use of resources, including
ICU care, advanced hemodynamic monitoring, and
renal replacement therapy. In patients surviving
hospitalization with COVID-19, more than 40%
required advanced supportive services in skilled
nursing or rehabilitative care settings. Car-
diometabolic risk factors including diabetes, morbid
obesity, and kidney disease conferred greater risk of
in-hospital mortality among HF patients hospitalized
with COVID-19.

The relationship between underlying cardiovascu-
lar disease and infection with SARS-CoV-2 is poorly



FIGURE 1 Resource Use in Patients With HF During the COVID-19 Pandemic

In-hospital resource use among patients with a history of HF discharged from April to September 2020. Resource uses are compared among

HF patients hospitalized with COVID-19, acute HF, and other reasons. Hospitalization with COVID-19 among patients with a history of HF was

associated with greater resource needs compared to hospitalizations with acute HF and other reasons. p < 0.001 for all comparisons among

patients with history of HF. COVID-19 ¼ coronavirus disease-2019; HF ¼ heart failure; Pts ¼ patients; ICU ¼ intensive care unit.
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understood, although multiple reports have sug-
gested a bidirectional influence between cardiovas-
cular comorbidities and more severe presentations of
COVID-19 (8,13). The prevalence of hypertension and
diabetes, both of which are risk factors for adverse
outcomes in HF (14,15), appear to be disproportion-
ately high in patients presenting with severe forms of
COVID-19 (1,2). This experience, to the best of the
current authors’ knowledge, is the largest to date
examining hospitalizations among HF patients during
the COVID-19 pandemic. Mortality rates among pa-
tients with COVID-19 in this HF cohort were sub-
stantially higher than reported among broader
cohorts, and comparable to rates observed in patients
TABLE 2 Univariate and Multivariate Associations of Hospitalization

Hospitalization Type (Reference ¼ HF Hospitalization)

In-Ho

Unadjusted OR

April 2020

Other hospitalization 1.82 (1.57–2.11)

COVID-19 hospitalization 15.87 (13.55–18.6

May–September 2020

Other hospitalization 1.76 (1.59–1.97)

COVID-19 hospitalization 9.58 (8.50–10.7

*Adjusted for age, sex, race, ethnicity, region, HF ejection fraction status, obesity status,
of smoking, and history of malignancy. p < 0.001 for all.

COVID-19 ¼ coronavirus disease-2019; HF ¼ heart failure; OR ¼ odds ratio.
with COVID-19 and active malignancy on chemo-
therapy (16). Smaller evaluations of patients with
heart failure in the United Kingdom (17) and in the
United States (New York City) (18) have found com-
parable in-hospital mortality rates. In the present
study, the risk of mortality in patients with HF
hospitalized with COVID-19 later in the pandemic was
attenuated, which might have been due to expanded
testing capabilities, improved health system effi-
ciencies in COVID-19 care, and use of disease-
modifying therapy (19). Nevertheless, patients with
HF hospitalized with COVID-19 remained at excep-
tionally high risk of in-hospital mortality, even in
later stages of the pandemic, far greater than
Type in Patients With HF Admitted During the COVID-19 Pandemic

spital Mortality Death or Mechanical Ventilation

Adjusted OR* Unadjusted OR Adjusted OR*

1.91 (1.65–2.22) 1.84(1.67–2.03) 1.98 (1.79–2.18)

0) 14.48 (12.25–17.12) 7.70(6.84–8.66) 8.04 (7.10–9.12)

1.87 (1.68–2.08) 1.52 (1.43–1.63) 1.69 (1.58–1.80)

9) 10.11 (8.95–11.42) 4.76 (4.38–5.18) 5.30 (4.86–5.77)

diabetes mellitus, hypertension, kidney disease, advanced pulmonary disease, history



FIGURE 2 Predictors of Adverse In-Hospital Outcomes Among HF Patients Hospitalized with COVID-19

(A) Predictors of in-hospital mortality or mechanical ventilatory need in HF patients hospitalized with COVID-19. This figure shows predictors

of in-hospital mortality or mechanical ventilatory needs among patients with a history of HF hospitalized with COVID-19. Odds ratios are

reported for clinical covariates of interest. Lower and upper bounds correspond to 95% confidence intervals [CI]. (B) Predictors of in-hospital

mortality in HF patients hospitalized with COVID-19. This figure describes predictors of in-hospital mortality among patients with a history of

HF hospitalized with COVID-19. COVID-19 ¼ coronavirus disease-2019; HFpEF ¼ heart failure with preserved ejection fraction; OR ¼ odds

ratio.
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historical reports of HF patients hospitalized with
other respiratory illnesses, including influenza (20).

Patients with HF hospitalized with COVID-19 were
more likely to identify as Black and/or Hispanic and
had high rates of diabetes and renal disease compared
with patients with HF hospitalized with other rea-
sons. These data are consistent with global reports,
uncovering possible key health disparities and so-
cioeconomic determinants of health (21). In patients
with HF hospitalized with COVID-19, cardiometabolic
comorbidities including obesity and diabetes were
associated with increased risk of in-hospital mortal-
ity. These data are consistent with previous analyses
of COVID-19 patient from in diverse cohorts, even
among young adults hospitalized with COVID-19
(22–24). Congruent with other studies, male sex and
advanced age were associated with higher risks of
adverse in-hospital outcomes (25). Men with HF
appeared to have higher circulating levels of ACE-2,
the receptor facilitating SARS-CoV2 entry into host
cells, and decreased immune response, both of which
might have contributed to greater severity of COVID-
19 illness (7,26). Acknowledging limitations in
differentiating ejection fraction (EF)-based subgroups
of HF in claims-based analyses, elevated risk of in-
hospital death was consistent in patients with HF
with reduced EF and HF with preserved EF. Further
research, including from prospective registries such
as the American Heart Association COVID-19 Cardio-
vascular Disease Registry may be helpful in providing
additional information regarding prognostic factors
among various subtypes of HF when patients are
affected by COVID-19 infection.

Biological mechanisms underlying the relationship
observed between COVID-19 hospitalization and
outcomes in those with HF have not been fully
established. Previous experiences with influenza
illness have determined that rises in pro-
inflammatory cytokines in the setting of acute viral
infection contribute to accelerated atherogenesis and
can depress myocardial contractility (27). In addition,
variations in neurohormonal activity and ACE-2
levels may partially explain the susceptibility of pa-
tients with HF to more severe presentations with
COVID-19 infection. Upregulation of the neurohor-
monal axis, including ACE-2 activity, are central
components of HF (7,28). As SARS-CoV-2 uses the
ACE-2 receptor for host cell entry, patients with HF
may have increased susceptibility to more severe
forms of viral infection. In addition, impaired innate
immunity (29) and inherent endothelial dysfunction
(28) may further render patients with HF more
vulnerable to COVID-19 and its effects on the micro-
vasculature (30–32).
Overall, the present data find an exceptionally high
risk of poor outcomes in patients with HF hospitalized
with COVID-19. Novel riskmitigation strategiesmay be
needed to care for these high-risk patients, including
expanded access to virtual care (33) and tele-
monitoring (34). Efforts to optimize HF status
including medication optimization and annual influ-
enza vaccination will be important priorities as the
COVID-19 pandemic continues. Given the high rate of
morbidity and mortality in patients with HF hospital-
ized for COVID-19, structured data collection to
determine the prevalence of COVID-19 cases in
ongoing research efforts will be critical for accurate
endpoint ascertainment and regulatory trial data
interpretation (35).

STUDY LIMITATIONS. First, reliance on administra-
tive coding may have led to misclassification of pri-
mary reasons for hospitalization. Previous analyses
have shown variable identification of diagnoses for
acute HF using administrative data, although coding
specificity likely remains high (36). Formal diagnostic
codes for COVID-19 were introduced on April 1, 2020;
therefore hospitalized patients with COVID-19 earlier
in the pandemic could not be captured in this expe-
rience. COVID-19 illness was defined by ICD-10 codes
alone; documentation of a positive test was not
required. Second, in the context of an observational
study, unmeasured confounding may explain some of
the elevated mortality risk of those hospitalized with
COVID-19 and possible delays in coding and reporting
in more recent months may introduce additional bias.
Data for race, ethnicity, and laboratory markers were
not available in all patients. Third, the effect of
hospitalization with COVID-19 on other chronic
diseases characterized by acute exacerbations is not
well established, limiting the ability to compare
these findings with other chronic disease states.

CONCLUSIONS

Among patients with chronic HF hospitalized with
COVID-19, nearly 1 in 4 died in-hospital. Hospitaliza-
tion with COVID-19 in patients with HF was associ-
ated with high use of in-hospital resources. Advanced
age, morbid obesity, and diabetes were associated
with worse in-hospital outcomes in patients with HF
hospitalized with COVID-19. Dedicated and innova-
tive efforts surrounding education and infection
control are needed for this high-risk population as the
pandemic continues to evolve.
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