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ABSTRACT

Background: COVID-19 may negatively impact the prognosis of patients with chronic HFrEF
and vice versa.

Methods: This study included 2 parallel analyses of patients in the United States who were in
the TriNetX health database and who underwent polymerase chain reaction testing for SARS-
CoV-2 as an inpatient or outpatient between January and September of 2020. Analysis A
included patients with positive tests for COVID-19 and compared patients with histories of
worsening heart failure with reduced ejection fraction (HFrEF) (hospitalization due to heart
failure (HF) or IV diuretic use during the prior 12 months), HFrEF without worsening, and no
prior HF. Analysis B included patients with histories of HFrEF and compared patients with posi-
tive vs negative COVID-19 tests. Outcomes included mortality and worsening HF. In both anal-
yses, prespecified subgroup analyses were stratified by inpatient vs outpatient settings of the
COVID-19 tests.

Results: In Analysis A, of 99,052 patients with positive COVID-19 tests, 514 (0.5%) and 524
(0.5%) patients had histories of worsening HFrEF and HFrEF without worsening, respectively.
After adjustment, compared to patients without HF, worsening HFrEF (risk ratio [RR] 1.42,
95% Cl 1.10—1.83; P< 0.001) and HFrEF without worsening (RR 1.33, 95% Cl 0.96—1.84; P=
0.06) were associated with higher 30-day mortality rates. Excess risk of mortality tended to be
pronounced in patients initially diagnosed with COVID-19 as outpatients (P for interaction,
0.12 and 0.006, respectively). In Analysis B, of 14,838 patients with HFrEF tested for COVID-19,
1038 (7.0%) had positive tests. After adjustment, testing positive was associated with excess
30-day mortality risk (RR 1.67, 95% ClI 1.38—2.02; P< 0.001) and worsening HF (RR 1.33, 95%
Cl 1.17—1.51; P< 0.001). Mortality risk was nominally more pronounced among patients pre-
senting as outpatients (P for interaction 0.07).

Conclusion: In this large cohort of patients tested for COVID-19, among patients testing posi-
tive, a history of HFrEF with or without worsening was associated with excess mortality rates,
particularly among patients diagnosed with COVID-19 as outpatients. Among patients
with established HFrEF, compared with testing negative, testing positive for COVID-19 was
independently associated with higher risk of death and worsening HF. (J Cardiac Fail
2022,;28:1287—1297)
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Although Coronavirus Disease 2019 (COVID-19),
which is caused by severe acute respiratory
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syndrome coronavirus-2 (SARS-CoV-2), is most com-
monly recognized as a pathogen targeting the lungs
and respiratory tract, cardiac manifestations and
complications are common and contribute substan-
tially to death and adverse outcomes."” In particu-
lar, patients with pre-existing heart failure (HF) have
shown significant vulnerability to death and respira-
tory failure in the days to weeks following COVID-19
infection.®* As such, history of HF has been pro-
posed as being potentially useful for informing
patient risk-stratification and for guiding decisions
regarding intensity of surveillance and therapy for
patients.’
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Nonetheless, many facets of the relationship
between COVID-19 and HF remain unclear.>® For
example, it is unknown whether poor clinical out-
comes in patients with COVID-19 and with HF are
driven by a subset of higher risk HF patients, includ-
ing those with recent hospitalization due to HF
or outpatient clinical worsening. Likewise, it is
unknown whether excess risk of death among
patients with HF and with COVID-19 is concentrated
in patients who present with severe COVID-19 symp-
toms, prompting inpatient diagnosis and hospitali-
zation, or whether significant clinical risk extends to
milder initial presentations of COVID-19 that are
diagnosed in the outpatient setting. In addition,
although multiple studies have assessed associations
between COVID-19 and HF in terms of in-hospital
and 30-day outcomes, longer-term clinical conse-
quences and prognostic implications remain poorly
characterized, including associations with down-
stream HF-specific endpoints, such as hospitaliza-
tions for worsening HF.>*’ In this context, the
objectives of the current study were to leverage a
large, longitudinal, real-world dataset of patients
tested for SARS-CoV-2 to characterize: (1) associa-
tions between history of HF with reduced ejection
fraction (HFrEF) with vs without a recent worsening
heart failure event and clinical outcomes in patients
diagnosed with COVID-19; (2) the prognostic impli-
cations of testing positive vs negative for COVID-19
in patients with HFrEF; and (3) the interaction
between HFrEF, clinical outcomes and the locations
of initial COVID-19 presentations in the inpatient vs
outpatient setting.

Methods
Data Source

This study used a de-identified patient dataset
from the TriNetX Dataworks USA Network (Cam-
bridge, MA). TriNetX is a global health-research
database that contains de-identified data that are
sourced and continuously updated from electronic
medical records (EMRs). Clinical organizations, such
as hospitals and integrated delivery networks, own
all rights, consents and approvals of transferring
data to TriNetX. The current study used data from
the United States (US), including data from > 37
health care organizations responsible for the care of
> 58 million patients in the US. Patients with a vari-
ety of health insurance coverage were included (ie,
private insurance, Medicare, Medicaid, and no insur-
ance). Data include longitudinal outpatient and in-
hospital data and encompass patient demographics,
medical diagnoses, laboratory test results, outpa-
tient visits, hospitalizations, and mortality.

TriNetX, LLC is compliant with the Health Insur-
ance Portability and Accountability Act (HIPAA), the

US federal law that protects the privacy and security
of health care data, and any additional data privacy
regulations applicable to the contributing health
care organizations. TriNetX is certified to the ISO
27001:2013 standard and maintains an Information
Security Management System to ensure the protec-
tion of the health care data it has access to and to
meet the requirements of the HIPAA Security Rule.
Any data displayed on the TriNetX Platform in aggre-
gate form, and any patient-level data provided in a
data set generated by the TriNetX Platform, contain
only de-identified data as per the de-identification
standard defined in Section §164.514(a) of the
HIPAA Privacy Rule. The process by which the data is
de-identified is attested to through a formal deter-
mination by a qualified expert as defined in Section
§164.514(b)(1) of the HIPAA Privacy Rule. Because
this study used only de-identified patient records
and did not involve the collection, use or transmittal
of individually identifiable data, this study was
exempted from Institutional Review Board
approval.

Study Population and Design

This retrospective observational study included
adult patients > 18 years of age who had received >
1 polymerase chain reaction (PCR) test for SARS-
CoV-2 between January 1, 2020, and September 30,
2020; had EMR data for the 12 months prior to the
index COVID-19 PCR test; and had both inpatient
and outpatient EMR records that were accessible.
Patients were included if they had either a diagnosis
of HFrEF or no prior HF diagnosis, as determined by
International Classification of Diseases-10th Revision
(ICD-10) codes during the 12 months before COVID-
19 testing. To be defined as having a history of
HFrEF, a patient was required to have 1 inpatient
diagnosis for HFrEF, 2 outpatient diagnoses for
HFrEF on 2 different dates or 1 outpatient diagnosis
for HFrEF plus 1 outpatient diagnosis for any HF on
2 different dates (Supplementary Table 1). Given
established differences in patients’ profiles, patho-
physiologies and outcomes in patients with HFrEF vs
HF with preserved ejection fraction (HFpEF), patients
with any diagnosis of HFpEF (ICD-10: 150.3X) were
prespecified for exclusion so as to focus specifically
on the HFrEF phenotype.

For all analyses, the date of the PCR test for SARS-
CoV-2 was considered the index date and study
baseline. For patients with multiple positive PCR
tests for COVID-19, the first positive test was used as
the index test. For purposes of analysis, patients
with both positive and negative tests were consid-
ered to be positive for COVID-19; the date of the
positive test was considered the index date.



From this overall study population, 2 sets of analy-
ses involving 2 distinct cohorts were prespecified.
Analysis A was designed to assess the clinical implica-
tions of prior history of HFrEF with vs without a
worsening heart failure event among patients newly
diagnosed with COVID-19. Only patients with posi-
tive PCR tests for SARS-CoV-2 were included.
Patients were then categorized into 1 of 3 mutually
exclusive groups as defined by their histories of HF
during the 12 months prior to the positive COVID-19
test: (1) worsening HFrEF, defined as a hospitaliza-
tion for HF or receipt of intravenous (V) diuretics
(either inpatient or outpatient) in the prior 12
months; (2) HFrEF, without worsening; and (3) no
history of HF. Analysis B was designed to assess the
clinical implications of COVID-19 among the subset
of patients with a history of HFrEF. Patients with
HFrEF who tested positive for COVID-19 were com-
pared with patients who tested negative. In both
Analysis A and Analysis B, patients were included
regardless of whether their COVID-19 test occurred
in the setting of a hospitalization or in an outpatient
setting.

Study Endpoints

For Analysis A among patients with COVID-19,
prespecified study endpoints included (1) 30-day all-
cause mortality; (2) 90-day all-cause mortality; and
(3) composite of all-cause mortality or hospitaliza-
tion. For Analysis B in patients with HFrEF, endpoints
included: (1) 30-day all-cause mortality; (2) 90-day
all-cause mortality; and (3) worsening HF, defined as
a hospitalization for HF or receipt of IV diuretics
(either inpatient or outpatient). Hospitalization for
HF was defined as an inpatient claim with primary
diagnosis of HF, and IV diuretic use was defined by
relevant procedure codes (Supplementary Table 2).

Statistical Analysis

For both analyses (A and B), baseline characteris-
tics were described for each patient group. To assess
associations between patient group and each out-
come, 3 levels of statistical modeling were employed
in all analyses to account for potential confounders:
unadjusted, base adjustment (accounting for demo-
graphics and comorbidities) and comprehensive
adjustment (base adjustment plus adjustment for
inpatient vs outpatient status at time of index test
for COVID-19). Prespecified covariates in the base-
adjusted model included age, gender, race, ethnic-
ity, and medical history (asthma, type 2 diabetes
mellitus, chronic obstructive pulmonary disease,
hypertension, coronary artery disease, history of
thrombosis, coronary revascularization, myocardial
infarction, obesity, chronic kidney disease, periph-
eral arterial disease, vascular disease, moderate/
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severe liver disease, metastatic solid tumor, and
atrial or ventricular tachyarrhythmia) (Supplemen-
tary Table 3). For all endpoints (30-day mortality, 90-
day mortality, composite all-cause mortality or all-
cause hospitalization, worsening HF), unadjusted
and adjusted log linear models (Poisson distribution,
with a log link and a robust error variance) were
used to estimate relative risk.

Recognizing that the location of COVID-19 testing
(in-hospital vs outpatient) may suggest significant dif-
ferences in health status at time of testing and that
the prognostic interplay between HFrEF and COVID-
19 may differ based on the clinical severity of the ini-
tial suspected or confirmed COVID-19 presentation,
associations with study endpoints were stratified by
inpatient vs outpatient location of COVID-19 testing.
Thus, in Analysis A, associations between prior HF his-
tory and study endpoints were assessed separately in
patients testing positive for COVID-19 during inpa-
tient vs outpatient settings. Likewise, in Analysis B,
associations between testing positive vs negative for
COVID-19 were separately assessed in patients being
tested for COVID-19 as inpatients vs outpatients.
Inpatient location was defined as an associated inpa-
tient encounter at the time of testing. To capture
patients being tested in the emergency department
or ambulatory setting and directly admitted to the
hospital, inpatient location was also defined as a test
in the emergency department or ambulatory setting
with an associated inpatient encounter within 3 days.
Outpatient location was defined as testing per-
formed in the emergency department or ambulatory
setting without an inpatient encounter within 3 days.
In both Analyses A and B, interaction p values were
calculated to assess for a differential association
between patient group and clinical outcome by the
location of COVID-19 testing. Statistical analyses
were performed using SAS 9.4 (SAS Institute, Cary,
NC), and a 2-tailed p value of 0.05 was considered sta-
tistically significant.

Results
Patient Cohort

Between January 1, 2020, and September 30,
2020, the study identified 1,548,747 unique patients
in the US who received > 1 PCR test for SARS-CoV-2.
After excluding patients who did not have at least 1
encounter in EMRs during the 12 months prior to
testing, were < 18 years old, had known diagnoses
of HFpEF, and died on the date of COVID-19 testing,
the final study population included 1,016,453
(65.6%) adults who underwent PCR testing for
SARS-CoV-2. Of this sample, 99,052 (9.7%) of
patients had positive PCR tests, and 14,838 (1.5%)
patients had histories of HFrEF (Fig. 1).
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between January 1, 2020 — September 30, 2020 in the TriNetX

Patients with PCR test for SARS-CoV-2 in the United States
D (n=1,548,747)

n=323,462 (20.9%)

Excluded (n=532,294)
- No encounter in the EMR during the 12 months prior to testing,

- <18 years of age, n=143,629 (9.3%)
- Prior diagnosis of HFpEF, n=63,734 (4.1%)
- Did not survive past day of testing for COVID-19, n=1,469 (0.1%)

A 4

[

Adults without HFpEF and with prior EMR data who had a PCR test for SARS-CoV-2

(n=1,016,453)

POSITIVE PCR test for SARS-CoV-2 ] [ NEGATIVE PCR test for SARS-CoV-2

n=917,401 (90.3%)
4

Patients with prior HFrEF who test
NEGATIVE for SARS-CoV-2
n=13,800

[ n=99,052 (9.7%)
Analysis A I
To compare outcomes ‘ * *
among patients with - i > 7
" No Prior HFrEF Worsening HFrEF HFrEF without Worsening
COVID-19 by Prior [ n=98,014 (99.0%) ] [ n=514 (0.5%) ] [ n=524 (0.5%) ]
HFrEF status [ |
!
Analysis B 2
To compare outcomes Patients with prior HFrEF who test
P 3 POSITIVE for SARS-CoV-2
among patients with HFrEF n=1,038
by COVID-19 test result

Fig. 1. Selection of the study cohorts. EMR, electronic medical record; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction; PCR, polymerase chain reaction.

Clinical Outcomes of Patients with COVID-19 by
Heart Failure Status (Analysis A). Patients’ Characteris-
tics According to Prior Heart Failure Status. Among 99,052
patients with positive PCR tests for SARS-CoV-2, 514
(0.5%) had histories of worsening HFrEF, 524 (0.5%)
had histories of HFrEF without worsening, and
98,014 (99.0%) patients had no prior histories of HF
(Table 1). The location of COVID-19 testing varied
across groups. The proportion of inpatient diagno-
ses of COVID-19 was lowest among patients without
prior HFrEF (8.9%), intermediate among patients
with HFrEF without worsening (22.5%) and highest
among patients with worsening HFrEF, in whom the
majority of patients were hospitalized due to their
index COVID-19 diagnoses (59.3%).

Patients without HF tended to be younger
(median age 43 years vs 66 years for worsening
HFrEF and 66 years for HFrEF without worsening)
and were more likely to be female (57.9% vs 33.0%
and 31.9%). Across all 3 groups, patients without HF
tended have lower rates of comorbidities, higher
hemoglobin and lymphocyte values, higher serum
albumin values, and lower serum creatinine levels.

Comparing patients with HFrEF with vs without
histories of worsening, patients were generally simi-
lar in terms of demographics, but those with wors-
ening HFrEF tended to have higher rates of cardiac
and noncardiac comorbidities. Compared with HFrEF
without worsening, patients with worsening HFrEF
tended to have lower lymphocyte percentage,
serum hemoglobin and serum albumin but generally
had similar serum creatinine levels.

Clinical Outcomes of Patients with COVID-19 According to Prior
Heart Failure Status. Rates of 30-day and 90-day

mortality were lowest among patients without HF
(1.4% and 1.6%), intermediate among patients with
HFrEF without worsening (8.0% and 9.0%), and
highest among patients with worsening HFrEF
(15.6% and 16.5%) (Table 2) (Fig. 2). After base
adjustment, relative to patients without HF, worsen-
ing HFrEF was associated with higher risks of 30-day
(risk ratio [RR] 1.87, 95% confidence interval [Cl]
1.45-2.43) and 90-day mortality (RR 1.69, 95% ClI
1.32-2.18), whereas HFrEF was not. However, after
further adjustment for inpatient/outpatient location
of COVID-19 testing, associations with excess mortal-
ity rates were similar for worsening HFrEF (30-day
mortality: RR 1.42, 95% Cl 1.10—1.83; 90-day mortal-
ity: 1.28, 95% ClI 1.00—1.63) and HFrEF without wors-
ening (30-day mortality: RR 1.33, 95% Cl 0.96—1.84;
90-day mortality: 1.29, 95% Cl 0.96—1.75), and gen-
erally had marginal statistical significance (Table 2)
(Supplementary Table 4).

For the composite all-cause mortality or hospitaliza-
tion endpoint, median (interquartile range [IQR]) fol-
low-up was 48 (2—144) days. Rates of the composite
endpoint increased in graded fashion across the
groups of no HF (12.1%), HFrEF without worsening
(31.9%) and worsening HFrEF (56.8%). After base
adjustment, compared with patients without HF,
worsening HFrEF was independently associated with
higher risk of the composite endpoint (RR 1.34, 95%
Cl 1.18-1.53), and HFrEF without worsening was
not (RR 1.05, 95% ClI 0.90—1.23). After additionally
accounting for inpatient/outpatient location of
COVID-19 testing, neither HFrEF with or without wors-
ening was independently associated with the compos-
ite endpoint (Table 2) (Supplementary Table 5).
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Table 1. Baseline Characteristics of Patients with COVID-19 by Prior History of Heart Failure

No HF HFrEF without Worsening Worsening HFrEF
(n=98,014) (n=524) (n=514) PValue

Age (years) 43 (29-58) 66 (55—76) 66 (56—75) <0.001
Female 56,739 (57.9) 173 (33.0) 164 (31.9) <0.001
Race/ethnicity <0.001

White 37,337 (38.1) 182 (34.7) 235 (45.7)

Black 14,469 (14.8) 115 (21.9) 149 (29.0)

Hispanic 17,375 (17.7) 67 (12.8) 57 (11.1)

Other/unknown 28,833 (29.4) 160 (30.5) 73 (14.2)
Location of SARS-CoV-2 testing <0.001

Inpatient 8768 (8.9) 118 (22.5) 305 (59.3)

Outpatient 62,195 (63.5) 219 (41.8) 120 (23.3)

Unknown 27,051 (27.6) 187 (35.7) 89 (17.3)
Medical history
Hypertension 19,470 (19.9) 391 (74.6) 388 (75.5) <0.001
Coronary artery disease 2796 (2.9) 224 (42.7) 307 (59.7) <0.001
History of thromboembolism 1213(1.2) 26 (5.0) 61(11.9) <0.001
History of PCI/CABG 484 (0.5) 45 (8.6) 104 (20.2) <0.001
Myocardial infarction 879 (0.9) 90 (17.2) 186 (36.2) <0.001
Peripheral artery disease 1598 (1.6) 154 (29.4) 200 (38.9) <0.001
Vascular disease 3219 (3.3) 189 (36.1) 262 (51.0) <0.001
Atrial or ventricular tachyarrhyth- 1619 (1.7) 185 (35.3) 223 (43.4) <0.001

mia/atrial fibrillation
Type 2 diabetes 9744 (9.9) 225 (42.9) 237 (46.1) <0.001
Chronic kidney disease 3040 (3.1) 158 (30.2) 219 (42.6) <0.001
Obesity 11455 (11.7) 114 (21.8) 147 (28.6) <0.001
Asthma 5287 (5.4) 36 (6.9) 40 (7.8) 0.02
COPD 7770 (7.9) 112 (21.4) 155 (30.2) <0.001
Moderate/severe liver disease 296 (0.3) 2(0.4) 15(2.9) <0.001
Metastatic solid tumor 554 (0.6) 4(0.8) 18 (3.5) <0.001
Laboratory Results
White blood cell count (x 10%/uL)* 6.9 (5.4-8.8) 7.0(5.5-8.9) 7.3(5.7-9.1) 0.911
Lymphocytes (%)’ 27 (19-34) 22 (15-29) 18 (11-26) <0.001
Hemoglobin (g/dL)’ 13.3(12.0—14.5) 12.7 (11.3-14.1) 11.6 (9.9-13.3) <0.001
Serum creatinine (mg/dL)" 0.8 (0.7—-1.0) 1.2(0.9-1.7) 1.2(0.9-1.8) <0.001
Albumin (g/dL)" 4.1 (3.7-4.4) 3.9(3.5-4.2) 3.5(3.0-4.0) 0.88

Data represent median (quartile 1—quartile 3) or n (%).

*There were 37,769, 340 and 478 patients with available data in the No HF, HFrEF without worsening, and Worsening HFrEF groups,
respectively.

"There were 25,504, 290 and 288 patients with available data in the No HF, HFrEF without worsening, and Worsening HFrEF groups,
respectively.

*There were 40,264, 404 and 496 patients with available data in the No HF, HFrEF without worsening, and Worsening HFrEF groups,
respectively.

There were 40,824, 419 and 476 patients with available data in the No HF, HFrEF without worsening, and Worsening HFrEF groups,
respectively.

"There were 24,933, 260 and 301 patients with available data in the No HF, HFrEF without worsening, and Worsening HFrEF groups,
respectively.CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; HF, heart failure; HFrEF, heart failure

with reduced ejection fraction; PCl, percutaneous coronary intervention.

Clinical Outcomes, Prior Heart Failure Status and Location of
COVID-19 Presentation. In stratified analyses account-

ing for inpatient vs outpatient testing for COVID-19,
the association between prior HF status and each
clinical outcome differed significantly by location of
COVID-19 diagnosis (Fig. 3A). For each endpoint,
excess risk associated with HFrEF (with or without
worsening) was driven by patients who were diag-
nosed with COVID-19 as outpatients. In the subset
of patients diagnosed with COVID-19 during a hospi-
talization, although HFrEF with or without worsen-
ing were both associated with substantially higher
unadjusted event rates, there was no independent
association with mortality or composite outcomes
after adjustment for potential confounders.

Clinical Outcomes Among Patients with HFrEF by

COVID-19 Status (Analysis B). Patient Characteristics by
coviD-19 Status. Among 14,838 patients with HFrEF

who underwent testing for COVID-19, 1038 (7.0%)
patients tested positive, and 13,800 (93.0%) tested
negative (Table 3). Irrespective of test results,
patients were generally similar with regard to age,
gender, comorbidities, and laboratory findings.
However, patients testing positive were more likely
to be Black or of Hispanic ethnicity and less likely to
be white.

Clinical Outcomes of Patients with HFrEF Testing Positive vs Nega-
tive for COVID-19. Rates of 30-day and 90-day mortal-
ity were higher among patients with HFrEF who
tested positive for COVID-19 (11.8% and 12.7%)
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Table 2. Mortality and Hospitalization of Patients with COVID-19 According to Prior Heart Failure Status

Risk Ratio (95% Cl)

Base Adjustment + Inpatient/

Event Rate (%)  Unadjusted Base Adjustment*  Outpatient Diagnosis'
30-Day mortality
No prior HF 1.4% Reference Reference Reference
HFrEF without Worsening 8.0% 5.71(4.20-7.76) 1.20 (0.87—1.66) 1.33(0.96—1.84)
P < 0.001 P=0.26 P=0.078
Worsening HFrEF 15.6% 11.08 (8.84—13.88) 1.87 (1.45-2.43) 1.42(1.10-1.83)
P < 0.001 P < 0.001 P=0.007
90-Day mortality
No prior HF 1.6% Reference Reference Reference
HFrEF without worsening 9.0% 5.69 (4.26-7.61 1.16 (0.86—1.57) 1.29 (0.96—1.75)
P < 0.001 P=0.34 P=0.095
Worsening HFrEF 16.5% 10.50 (8.44—13.06) 1.69(1.32-2.18) 1.28 (1.00-1.63)
‘ P < 0.001 P < 0.001 P=0.052
All-cause Mortality or Hospitalization*
No prior HF 12.1% Reference Reference Reference
HFrEF without worsening 31.9% 2.64 (2.27-3.08) 1.05 (0.90—1.23) 1.10 (0.94—-1.29)
P < 0.001 P=0.53 P=0.22
Worsening HFrEF 56.8% 4.71 (4.19-5.29) 1.34 (1.18-1.53) 1.05 (0.92—-1.20)
P < 0.001 P < 0.001 P=0.43

*Adjusted for age, sex, race, ethnicity, asthma, type 2 diabetes mellitus, chronic obstructive pulmonary disease, hypertension, coronary
artery disease, history of thrombosis, coronary revascularization, myocardial infarction, obesity, chronic kidney disease, peripheral artery
disease, vascular disease, moderate/severe liver disease, metastatic cancer, and atrial fibrillation/atrial or ventricular tachyarrhythmia.

fIncludes covariates in base-adjusted model, with addition of location of COVID-19 test/diagnosis (ie, inpatient or outpatient or

unknown).

fMedian (IQR) follow-up was 48 (2—144) days.Cl, confidence interval; HF, heart failure; HFrEF, heart failure with reduced ejection frac-

tion; IQR, interquartile range.

than among HFrEF patients who tested negative
(7.2% and 8.5%) (Table 4) (Fig. 2). After base statisti-
cal adjustment, testing positive for COVID-19 was
independently associated with higher risk of mortal-
ity (30-day mortality: RR 1.79, 95% Cl 1.48—2.17; 90-
day mortality: RR 1.63, 95% Cl 1.36—1.96). These
findings persisted after further adjustment for inpa-
tient vs outpatient location of COVID-19 testing (30-
day mortality: 1.67, 95% Cl 1.38—2.02; RR 1.52, 95%
Cl 1.27—-1.83) (Table 4) (Supplementary Table 6).

For the worsening HF endpoint, median (IQR) fol-
low-up was 104 (27—-162) days. Unadjusted rates of
worsening HF were higher among patients positive
for COVID-19 (26.0%) than among those negative
for COVID-19 (19.0%). After statistical adjustment,
including location of COVID-19 testing, testing posi-
tive for COVID-19 was independently associated
with excess subsequent risk of worsening HF (RR
1.33, 95% Cl 1.17—-1.51) (Table 4) (Supplementary
Table 7) (Supplementary Fig. 1).

Clinical Outcomes, COVID-19 Test Results and Location of Clinical
Presentation. Although not reaching formal statistical

significance, there were borderline statistical inter-
actions whereby the relationship between testing
positive for COVID-19 and 30-day and 90-day mor-
tality differed for patients who presented to the
inpatient vs the outpatient setting (Fig. 3B).
Although a positive COVID-19 test was indepen-
dently associated with excess risk of death across
both locations, the magnitude of excess risk was

higher among patients tested as outpatients. In con-
trast, for the worsening HF endpoint, the higher
clinical risk with a positive COVID-19 test was consis-
tent, irrespective of inpatient vs outpatient testing.

Discussion

In this large cohort of US adults tested for COVID-
19 in ambulatory and hospitalized settings, there
are several notable findings. First, among patients
testing positive for COVID-19, patients with worsen-
ing HFrEF represented a particularly high-risk subset
and were more likely to require hospitalization at
the time of COVID-19 diagnosis. However, although
unadjusted rates of mortality and hospitalization
were markedly higher among patients with HFrEF,
after comprehensive risk adjustment for potential
confounders, neither a history of worsening HFrEF
nor a history of HFrEF without worsening was consis-
tently associated with worse clinical outcomes in the
setting of concurrent COVID-19. Second, among
patients with HFrEF, relative to patients who tested
negative, a diagnosis of COVID-19 was indepen-
dently associated with substantially heightened risk
of mortality and subsequent worsening HF. Third,
these data highlight the importance of the present-
ing clinical setting on the interplay between COVID-
19 and HFrEF. Specifically, among patients with
COVID-19, a history of stable or worsening HFrEF
carried independent prognostic value predomi-
nantly when COVID-19 was diagnosed as an
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Fig. 2. Associations between COVID-19 and HFrEF for all-cause mortality. Kaplan-Meier curves of all-cause mortality among
patients diagnosed with COVID-19 by prior heart failure status (Panel A) and Kaplan-Meier curves of all-cause mortality
among patients with HFrEF who tested positive vs negative for COVID-19 (Panel B). HFrEF, heart failure with reduced ejec-

tion fraction.

outpatient and less so when patients were hospital-
ized for COVID-19. Likewise, among patients with
established HFrEF who received COVID-19 testing,
the relative increase risk of death with a positive
test was highest among patients diagnosed in the
ambulatory setting.

To our knowledge, we present the first large-scale
analysis evaluating the bidirectional prognostic inter-
play between COVID-19 and HFrEF. In this regard, sev-
eral strengths and novel features of this analysis
warrant consideration. First, we examined a unique
population tested for COVID-19 in either the inpa-
tient or the outpatient setting, allowing a unique
comparison of the prognostic interplay of testing and
diagnosis of COVID-19 among patients initially receiv-
ing in-hospital vs ambulatory care. Although prior
studies have centered almost exclusively on patients

hospitalized or presenting to the emergency depart-
ment who are likely to be highly symptomatic, com-
paratively little is known regarding the implications
of ambulatory COVID-19 testing for patients with
HFrEF or the anticipated clinical courses for patients
who are diagnosed with COVID-19 but initially have
milder symptoms not requiring hospitalization.**’ '
Second, in a large population of > 1 million patients
tested for SARS-CoV-2 in the US in 2020, we report
both the overall test positivity rate (9.7%) and the
test positivity rate among patients with established
HFrEF (7.0%). Although potentially subject to con-
founding and requiring further validation, the lower
test positivity rate among patients with HFrEF does
not suggest that patients with HFrEF face heightened
vulnerability to acquiring COVID-19. Third, although
prior studies have examined clinical outcomes in
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Exposure Reference

Adjusted Relative P for

Interaction

A. Outcomes Among Patients with COVID-19 by HF Status (Reference: No HF)

All-cause Mortality or Hospitalization
HFEF without Worsening

Inpatient 63/118 ( 53.4%) 3882/8768 (44.3%) 0.83 (0.64, 1.06) <0.0001 e
Outpatient 59/219 (26.9%) 5274/62195 ( 8.5%) 1.74 (1.34,2.26) —m
Worsening HFfEF
Inpatient 196/305 (64.3%)  3882/8768 (44.3%) 0.91(0.78, 1.06) <0.0001 e
tient 50/120 (41.7% 5274/62195 ( 8.5%) 2.20(1.65,2.92
Outpatien (41.7%) ( °) ( ) -
30-day Mortality
HF:EF without Worsening
Inpatient 15/118 (12.7%) 695/8768 ( 7.9%) 0.90 (0.54, 1.52) 0.006
OQutpatient 13219 ( 5.9%) 386/62195 ( 0.6%)  2.60 (1.48, 4.57) —
- - 4
Worsening HFfEF
Inpatient 58/305 ( 19.0%) 695/8768 ( 7.9%) 1.28 (0.95, 1.72) 0.119
Outpatient 8/120 ( 6.7%) 386/62195 ( 0.6%)  2.33 (1.14,4.76) L o
v - 4
90-day Mortality
HFYEF without Worsening
Inpatient 17/118 ( 14.4%) 794/3768 ( 9.1%)  0.86 (0.53, 1.41) 0.004
Outpatient 14219 ( 6.4%) 430/62195 ( 0.7%)  2.46 (1.43,4.24) ' - ‘
—
Worsening HFfEF
Inpatient 61/305 (20.0%) 794/8768 ( 9.1%) 1.12 (0.84, 1.50) 0.047
Outpatient 9/120 ( 7.5%) 430/62195 ( 0.7%)  2.32(1.18,4.54) —
L
B. outcomes Among Patients with HFrEF Tested for COVID-19 (Reference: Negative Test)
Worsening HFrEF
Inpatient 192/423 (45.4%)  1644/4799 (34.3%) 136 (1.17,1.58) 0411
Outpatient 48/339 (14.2%) 643/5291 (12.2%)  1.18(0.88, 1.59) "
—-
30-day Mortality
Inpatient 73/423 (17.3%) 639/4799 (13.3%) 1.40(1.10, 1.80) 0.065
Outpatient 21/339 ( 6.2%) 153/5291 ( 2.9%) 228(1.45,3.61) —
—
90-day Mortality
Inpatient 78/423 (18.4%) 738/4799 (15.4%)  129(1.01,1.63) 0.101
OQutpatient 23/339 ( 6.8%) 196/5291 ( 3.7%)  1.94(1.26, 3.00) | m
— .

Fig. 3. Interaction between prior HF status, COVID-19 status, and clinical outcomes by location of testing for COVID-19. For-
est plots display risk of clinical outcomes by heart failure (HF) status among patients who tested positive for COVID-19
(Panel A) and clinical outcomes among patients with HFrEF who tested positive vs negative for COVID-19 (Panel B). Analy-
ses excluded patients with unknown locations of COVID-19 testing.

patients with HF and COVID-19, comparator groups
have generally been loosely defined as patients with
HF without COVID-19.” In contrast, by exclusively
studying a population that underwent PCR testing,
the present analysis offers a more secure control
group of patients confirmed to be COVID-19-nega-
tive. Likewise, given that all patients receiving tests
presumably had some degree of new or worsening
symptoms or clinical suspicion compatible with active
COVID-19 infection, the current study may better
address potential confounding by indication stem-
ming from the decision to test for COVID-19. Fourth,
recognizing that clinical risk may vary within the
broad HFrEF population, the current study subcatego-
rized patients into those with vs without a recent
worsening HF episode (ie, HF hospitalization or
IV diuretic administration). In doing so, the results
highlight that although a graded relationship in
unadjusted clinical event rates was observed, the
incremental and independent prognostic value of a
worsening HF event seen in prior analyses may not

necessarily extend to the setting of active COVID-19
infection."""? Last, to the best of our knowledge, this
analysis is the first to evaluate the association
between COVID-19 and longer-term HF-specific out-
comes in clinical practice. Among patients with estab-
lished HFrEF, compared with testing negative, a
diagnosis of COVID-19 was independently associated
with a 33% greater risk of a worsening HF event over
a median follow-up of 3.5 months. These data high-
light the potential impact of COVID-19 on HFrEF dis-
ease progression, even after recovery from acute
infection, and are consistent with other data suggest-
ing the potential for longer-term cardiac consequen-
ces of the disease."*'*

Prior analyses have documented high rates of in-
hospital mortality among patients with histories of
HF who have been hospitalized due to COVID-19.
For example, an analysis from New York City study-
ing an early and particularly severe phase of the
pandemic through June 2020 reported exceptionally
high event rates for patients hospitalized due to
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Table 3. Baseline Characteristics in Patients with HFrEF Tested for COVID-19
Positive COVID-19 Test (n=1,038) Negative COVID-19 Test (h=13,800) P Value

Age (years) 66 (55—75) 67 (57-76) 0.17
Female 337 (32.5) 4662 (33.8) 0.18
Race/ethnicity <0.001

White 417 (40.2) 8072 (58.5)

Black 264 (25.4) 2508 (18.2)

Hispanic 124 (11.9) 603 (4.4)

Other/unknown 233 (22.4) 2617 (19.0)
Location of SARS-CoV-2 testing <0.001

Inpatient 423 (40.8) 4799 (34.8)

Outpatient 339(32.7) 5291 (38.3)

Unknown 276 (26.6) 3710 (26.9)
Medical History
Hypertension 779 (75.0) 10890 (78.9) 0.003
Coronary artery disease 531 (51.2) 8188 (59.3) <0.001
History of thrombosis 87 (8.4) 1394 (10.1) 0.07
History of PCI/CABG 140 (13.5) 2361 (17.1) 0.003
Myocardial infarction 276 (26.6) 4380 (31.7) <0.001
Peripheral artery disease 354 (34.1) 5264 (38.1) 0.001
Vascular disease 451 (43.4) 6527 (47.3) 0.02
Atrial or ventricular tachyarrhythmia/atrial 408 (39.3) 6483 (47.0) <0.001

fibrillation
Type 2 diabetes 462 (44.5) 5508 (39.9) 0.004
Chronic kidney disease 377 (36.3) 4790 (34.7) 0.29
Obesity 261 (25.1) 3502 (25.4) 0.87
Asthma 76 (7.3) 1075 (7.8) 0.59
COPD 267 (25.7) 4268 (30.9) <0.001
Moderate/severe liver disease 17 (1.6) 307 (2.2) 0.21
Metastatic solid tumor 22 (2.1) 511 (3.7) 0.008
Laboratory Results
White blood cell count (x 10%/L)* 7.1(5.6-9.0) 7.5(5.9-9.7) 0.45
Lymphocytes (%)" 20.0 (13.0—-28.0) 19.1 (12.3-27.0) 0.052
Hemoglobin (g/dL)’ 12.2(10.5-13.6) 12.2(10.3-13.8) 0.84
Serum creatinine (mg/dL)’ 1.2(0.9-1.7) 1.1(0.9-1.5) <0.001
Albumin (g/dL)'! 3.7(3.2-4.1) 3.7(3.2-4.1) 0.75

Data represent median (quartile 1 — quartile 3) or n (%).

*There were 818 and 11,834 patients with available data in the positive test and negative test groups, respectively.

fThere were 578 and 8377 patients with available data in the positive test and negative test groups, respectively.

?There were 900 and 12,277 patients with available data in the positive test and negative test groups, respectively.

There were 895 and 11703 patients with available data in the positive test and negative test groups, respectively.

'There were 561 and 7801 patients with available data in the positive test and negative test groups, respectively.CABG, coronary artery
bypass grafting; COPD, chronic obstructive pulmonary disease; HFrEF, heart failure with reduced ejection fraction; PCl, percutaneous coro-

nary intervention.

Table 4. Mortality and Worsening Heart Failure in Patients with HFrEF Tested for COVID-19

Risk Ratio (95% Cl)

Base Adjusted + Inpatient/Outpatient

Event Rate (%) Unadjusted Base Adjustment*  Diagnosis'
30-Day mortality
Negative COVID-19 Test  7.2% Reference Reference Reference
Positive COVID-19 Test 11.8% 1.64 (1.35-1.97) 1.79(1.48-2.17) 1.67 (1.38-2.02)
P < 0.001 P < 0.001 P < 0.001
90-Day mortality
Negative COVID-19 Test  8.5% Reference Reference Reference
Positive COVID-19 Test 12.7% 1.50 (1.25-1.79) 1.63 (1.36—1.96) 1.52 (1.27-1.83)
P < 0.001 P < 0.001 P < 0.001
Worsening Heart Failure*
Negative COVID-19 Test  19.0% Reference Reference Reference
Positive COVID-19 Test 26.0% 1.37 (1.21-1.56) 1.44 (1.27-1.64) 1.33(1.17-1.51)
P < 0.001 P < 0.001 P < 0.001

*Adjusted for age, sex, race, ethnicity, asthma, type 2 diabetes mellitus, chronic obstructive pulmonary disease, hypertension, coronary
artery disease, history of thrombosis, coronary revascularization, myocardial infarction, obesity, chronic kidney disease, peripheral artery
disease, vascular disease, moderate/severe liver disease, metastatic cancer, and atrial fibrillation/atrial or ventricular tachyarrhythmia.

fIncludes covariates in base-adjusted model, with addition of location of COVID-19 test/diagnosis (ie, inpatient or outpatient or unknown).

fMedian (interquartile range) follow-up was 104 (27—162) days.Cl, confidence interval; HFrEF, heart failure with reduced ejection fraction.
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COVID-19, with in-hospital mortality rates of 40.0%
and 24.9% for patients with and without histories
of HF, respectively.®> High event rates were also
reported in a more recent analysis by Bhatt et al.
that extended through September 2020, with an
in-hospital mortality rate of 24.2% among patients
hospitalized for COVID-19 with histories of HF, com-
pared with a mortality rates of 14.2% among
patients without HF.” In the current analysis, in the
subset that with inpatient diagnoses of COVID-19,
we observed lower, albeit still markedly elevated,
rates of 30-day mortality. Specifically, 30-day mortal-
ity was 19.0% and 12.7% for hospitalized patients
with histories of worsening HF and HF without wors-
ening, respectively, as compared with 7.9% for
patients without HF. Compared with the study by
Bhatt et al. that examined a similar timeframe, rea-
sons for lower mortality rates among hospitalized
patients in the present study are unclear but could
be related to (1) exclusion of patients with HFpEF,
(2) differences in COVID-19 definition based on PCR
results as opposed to diagnoses codes, or (3) differ-
ences in case-mix for primary clinical reasons for hos-
pitalization (ie, hospitalized for primary or
secondary diagnosis of COVID-19 in the prior study
vs being diagnosed with COVID-19 during hospitali-
zation in current study).

The low rate of mortality we observed among US
patients diagnosed with COVID-19 in the ambulatory
setting is notable. Indeed, we found risks of 90-day
mortality among ambulatory patients without HF of
< 1%. However, among patients with HFrEF, the
adjusted relative risk of death compared with
patients without HF was particularly high when
patients with HFrEF were diagnosed with COVID-19
as outpatients. Among patients diagnosed with
COVID-19 as inpatients, differences in adjusted mor-
tality risk between patients with HFrEF and patients
without HF were less pronounced. Although future
analyses are needed to confirm the results of this sub-
group analysis, these findings may speak to the abil-
ity of a history of HF to drive prognosis in patients
presenting with mild or no COVID-19 symptoms. By
comparison, it is possible that patients hospitalized
with severe COVID-19 symptoms may have outcomes
more strongly determined by the infection itself, and
that HFrEF may have lesser prognostic importance
after rigorously accounting for confounding risk fac-
tors and clinical markers of severe illness.

The results for patients with HFrEF who test posi-
tive vs negative for COVID-19 warrant mention.
Although prior studies have supported adverse out-
comes relative to HF patients without COVID-19, the
current analysis exclusively examining patients
receiving testing may more strongly support the
independent prognostic consequences of COVID-19,
as compared with other cardiorespiratory processes

that may mimic COVID-19 symptoms. Likewise, simi-
lar to Analysis A, Analysis B found statistically signifi-
cant interactions for mortality according to the
location of COVID-19 testing. Despite lower absolute
risks, the relative risk of mortality due to COVID-19
was particularly high in patients with HFrEF who
were tested in the outpatient setting.

Limitations

Limitations of this analysis should be noted. First,
this retrospective observational analysis cannot
definitively prove cause-effect relationships, and
residual or unmeasured confounding may remain.
Likewise, data on vital signs, laboratory tests, exami-
nation findings, symptoms of HF and/or COVID-19,
medications, and procedures were not available
and, thus, could not be included as covariates in
adjusted models. Moreover, this study cannot deci-
pher the reasons patients presented for COVID-19
testing (eg, symptoms of COVID-19, close contact to
confirmed case, requirement for inpatient hospitali-
zation). Inpatient vs outpatient location of COVID-
19 testing was added to models as a potential surro-
gate of clinical severity at presentation, but this may
not necessarily capture the complete clinical risk
reflected by vital signs and objective clinical charac-
teristics. Second, data concerning location of COVID-
19 testing were not available for all patients in this
sample. We cannot exclude the potential of selec-
tion bias among patients with available data. Third,
history of HFrEF was defined by administrative cod-
ing, and some degree of misclassification may have
occurred. Fourth, despite sampling > 1 million
patients tested for COVID-19, the proportions and
absolute numbers of patients with HFrEF without
worsening and with worsening HFrEF were modest.
In the setting of some outcome results that have
marginal Pvalues and wide confidence intervals, a
larger sample of patients with HFrEF may have pro-
vided more statistical power and greater precision
of risk estimates. Fifth, given established differences
in pathophysiology and clinical profile, this analysis
excluded patients with HFpEF and focused solely on
those with HFrEF. The degree to which the current
findings for HFrEF extend to patients with HFpEF
requires future dedicated study in that population.
Sixth, the current study prespecified exclusion of
patients who died on the day of COVID-19 testing so
as to ensure that all patients were alive at the begin-
ning of the study and had at least some period of
follow-up. Nonetheless, this may have introduced a
bias, and the current findings should be interpreted
in this context. Last, the study period included
patients in the early pandemic period in 2020 prior
to availability of vaccines. The degree to which these
findings generalize to patients vaccinated with



COVID-19 or to the more recent omicron variant of
SARS-CoV-2 is unclear.

Conclusions

In this large cohort of US patients tested for
COVID-19 in the inpatient or outpatient setting,
among patients testing positive, a history of HFrEF
(with or without recent clinical worsening) was not
independently associated with excess risk of mortal-
ity and hospitalization. However, this association
varied by location of COVID-19 testing, with HFrEF
associated with substantial clinical risk among
patients tested for COVID-19 as outpatients. Among
patients with histories of HFrEF, compared with test-
ing negative, a positive test for COVID-19 was inde-
pendently associated with higher risk of death and
worsening HF, with interaction testing identifying a
nominal trend towards higher mortality risk being
driven by patients tested for COVID-19 as outpa-
tients. These findings support the strong prognostic
interplay between COVID-19 and HFrEF, especially in
patients who present for COVID-19 testing as outpa-
tient and have potentially milder initial symptoms.
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