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ABSTRACT

Background: Patients with heart failure (HF) are at high risk for adverse outcomes when they
have COVID-19. Reports of COVID-19 vaccine-related cardiac complications may contribute to
vaccine hesitancy in patients with HF.

Methods: To analyze the impact of COVID-19 vaccine status on clinical outcomes in patients with
HF, we conducted a retrospective cohort study of the association of COVID-19 vaccination status
with hospitalizations, intensive care unit admission and mortality after adjustment for covariates.
Inverse probability treatment-weighted models were used to adjust for potential confounding.
Results: Of 7094 patients with HF, 645 (9.1%) were partially vaccinated, 2200 (31.0%) were
fully vaccinated, 1053 were vaccine-boosted (14.8%), and 3196 remained unvaccinated
(45.1%) by January 2022. The mean age was 73.3 + 14.5 years, and 48% were female. Lower
mortality rates were observed in patients who were vaccine-boosted, followed by those who
were fully vaccinated; they experienced lower mortality rates (HR 0.33; Cl 0.23, 0.48) and 0.36
(Cl 0.30, 0.43), respectively, compared to unvaccinated individuals (P< 0.001) over the mean
follow-up time of 276.5 + 104.9 days, whereas no difference was observed between those
who were unvaccinated or only partially vaccinated.

Conclusion: COVID-19 vaccination was associated with significant reduction in all-cause hospitali-
zation rates and mortality rates, lending further evidence to support the importance of vaccina-
tion implementation in the high-risk population of patients living with HF. (J Cardiac Fail
2022,28:1475—1479)
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The coronavirus disease 2019 (COVID-19) pan-
demic constitutes a major public health crisis, espe-
cially with the emergence and spread of new
variants of the disease. Observational data highlight
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increased risk of severe complications, including
death, of patients with heart failure (HF) who have
been hospitalized due to COVID-19."* Vaccination
against COVID-19 has been proven to be highly
effective in preventing adverse outcomes in the gen-
eral population, but concern about potential cardio-
vascular sequelae may contribute to vaccine
hesitancy, particularly among patients with pre-
existing cardiac disease.”” We sought to evaluate
the impact of COVID-19 vaccination on patients
with HF and on all-cause hospitalization and mortal-
ity rates across a large New York City health system.

Methods

All patients with diagnoses of HF (identified via
electronic health record (EHR) phenotyping and fol-
lowed in a large NYC health system) who made visits
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betweenlJanuary 1, 2021, and January 24, 2022, were
included. Using International Classification of Dis-
eases (ICD-10) codes (hospitalization billing or
encounter diagnosis of HF) for the preceding 2 years
(January 2019-December 2020), patients with HF
were identified by elevated natriuretic peptide lev-
els (NT-proBNP > 500 pg/mL or BNP > 150 pg/mL)."°
Patients with histories of mechanical circulatory sup-
port or orthotopic heart and other solid-organ trans-
plant were excluded (Supplementary Material).

Demographics (age, sex, self-declared race/ethnic-
ity, insurance status), comorbidities, as well as vacci-
nation status (none, partially vaccinated, fully
vaccinated, or vaccine-boosted), and clinical out-
comes (hospitalizations, intensive care unit [ICU]
admissions, and mortality) were abstracted from
EHRs. Comorbidities at study entry were extracted
using International Classification of Diseases (ICD-
10) codes and included pulmonary disease (asthma,
chronic obstructive pulmonary disease, obstructive
sleep apnea), other cardiovascular diseases (coro-
nary artery disease, history of myocardial infarction,
atrial fibrillation, and peripheral vascular disease),
autoinflammatory diseases (ulcerative colitis, Crohn
disease, rheumatoid arthritis), history of liver dis-
ease, including chronic viral hepatitis or nonalco-
holic steatohepatitis, history of cerebrovascular
accident, obesity, hypertension, type Il diabetes mel-
litus, and chronic kidney disease. Vaccination status
was obtained via 2 workflows: automatic EHR entry
upon vaccine order or administration within the
MSHS (Mount Sinai Health System), or based on
required clinician or staff documentation of COVID-
vaccination status based on patients’ reports and
demonstration of vaccine card.

To minimize potential systematic differences
between patients who elected to or were recom-
mended to receive vaccination and those who were
not, inverse probability treatment-weighted models
were used. Vaccination statuses of patients changed
during the study period, so these inverse probabili-
ties were used as weights in a Cox proportional haz-
ards model with vaccination status as a time-
dependent covariate to analyze the outcome of
mortality while minimizing potential immortal time
bias. Each patient’s study time was divided into peri-
ods of unvaccinated time, partially vaccinated time
(time period between dose 1 and dose 2 of mRNA-
based vaccines or end of study period), fully vacci-
nated time (time period following the second mRNA
vaccination until receiving a booster vaccine or end
of study period, and vaccine-boosted (time period
between receiving the third vaccine until end of the
study). Patients who received a viral vector vaccine
were considered fully vaccinated after the first dose,
and vaccine-boosted if they subsequently received a
second dose or an mRNA booster.

To analyze hospitalizations and ICU admissions,
negative binomial regression models were con-
structed with counts of hospitalizations and ICU
admissions as the dependent variable. To adjust for
differential follow-up between patients who were
ultimately vaccinated and patients who were not,
an offset term was included in the regression model
consisting of the log of the observation period for
each patient. The observation period was con-
structed as the interval between the initiation of the
study period and the last contact with the health sys-
tem. Further details are provided in the Supplemen-
tary Material. The Mount Sinai Institutional Review
Board approved this research.

Statistical analyses were performed using R ver-
sion 4.1 (R Foundation, Salt Lake City, UT). Negative
binomial models were fit using the glm.nb function
from the MASS R package, and Cox proportional
hazards models were fit using the Survival R Pack-
age.""'? Regression coefficients were exponenti-
ated to obtain incidence rate ratios (IRRs, negative
binomial models) and hazard ratios (HRs, Cox mod-
els). Robust standard errors modeling for clustering
by patient were used in all regression models. To
ascertain whether the events of hospitalization, ICU
admission or mortality were COVID-19-related, we
examined SARS-CoV-2 positivity at time of each
adverse event encounter as an interaction term in
regression models.

Results

Of 7094 patients with histories of HF within the
health system, 645 patients (9.1%) were partially
vaccinated, 2200 (31.0%) were fully vaccinated, and
1053 (14.8%) were vaccine-boosted (Table 1), leav-
ing 3196 patients (45.1%) who were unvaccinated.
Patients who received their first vaccination before
the beginning of the study period on January 1,
2021 (n =78) were excluded from analysis.

Overall, the mean age was 73.3 £+ 14.5 years, 48%
were women, and 63.3% of patients had Medicare
insurance. Other cardiovascular diseases (as previ-
ously defined) (77.9%), hypertension (58.3%), and
type Il diabetes (32.0%) were the most common
comorbidities.

Compared to the unvaccinated and partially vacci-
nated cohorts, the vaccine-boosted and fully vacci-
nated cohorts were slightly older, more likely to be
white, had Medicare insurance, had higher rates of
other cardiovascular disease (P< 0.001), obesity (P=
0.008), hypertension, pulmonary disease, and diabe-
tes, and included more former smokers (P< 0.001).

Overall, 904 of 7094 total patients died over the
mean follow-up time of 276.5 + 104.9 days (12.7%).
Of these, 73.4% were unvaccinated or only partially
vaccinated. Patients in the vaccine-boosted period
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Table 1. Baseline Characteristics, Overall and Stratified by Vaccination Period

Partially
Unvaccinated Vaccinated Vaccinated Vaccine-Boosted
Overall Period Period Period Period PValue*
Patients in vaccine 7094 7094 3898 3253 1053
period, n
Total patient-days in 19,77,412 10,62,752 1,85,506 6,51,706 77,448
vaccine period
Days in vaccination 276.46 (104.89) 149.81(115.44) 47.59 (62.61) 200.34 (77.01) 73.55 (69.64)
period: mean (SD)
Mortality: n (%) 904 (12.7) 598 (8.4) 75(1.9) 197 (6.1) 36 (3.4) <0.001
Age: mean (SD) 73.27 (14.48) 73.27 (14.48) 73.90 (13.84) 74.19 (13.58) 75.91 (12.23) <0.001
Sex: male (%) 3719 (52.4) 3719 (52.4) 2021 (51.8) 1671 (51.4) 559 (53.1) 0.68
Race/ethnicity: n (%) <0.001
White 2360 (33.3) 2360 (33.3) 1308 (33.6) 1106 (34.0) 432 (41.0)
Asian 353 (5.0) 353 (5.0) 208 (5.3) 179 (5.5) 53 (5.0)
Black/African 1826 (25.7) 1826 (25.7) 998 (25.6) 821 (25.2) 237 (22.5)
American
Hispanic 1571 (22.1) 1571 (22.1) 962 (24.7) 816 (25.1) 237 (22.5)
Other/Multiracial 741 (10.4) 741 (10.4) 345 (8.9) 272 (8.4) 79 (7.5)
Unknown 243 (3.4) 243 (3.4) 77 (2.0) 59 (1.8) 15(1.4)
Insurance: n (%) <0.001
Private 994 (14.0) 994 (14.0) 584 (15.0) 512 (15.7) 159 (15.1)
Medicaid 704 (9.9) 704 (9.9) 328 (8.4) 241 (7.4) 49 (4.7)
Medicare 4493 (63.3) 4493 (63.3) 2568 (65.9) 2165 (66.6) 758 (72.0)
Other 903 (12.7) 903 (12.7) 418 (10.7) 335(10.3) 87 (8.3)
Smoking status (n, <0.001
(%))
Nonsmoker 4198 (59.2) 4198 (59.2) 2145 (55.0) 1791 (55.1) 557 (52.9)
Former smoker 2380 (33.5) 2380 (33.5) 1513 (38.8) 1272 (39.1) 447 (42.5)
Current smoker 516 (7.3) 516 (7.3) 240 (6.2) 190 (5.8) 49 (4.7)
Medical history: n (%)
Pulmonary disease: 1255 (17.7) 1255 (17.7) 787 (20.2) 657 (20.2) 244 (23.2) <0.001
n (%)
Immunological 169 (2.4) 169 (2.4) 123(3.2) 102 (3.1) 38 (3.6) 0.018
disease: n (%)
Cerebrovascular 958 (13.5) 958 (13.5) 568 (14.6) 476 (14.6) 165 (15.7) 0.132
disease: n (%)
Cardiovascular 5529 (77.9) 5529 (77.9) 3227 (82.8) 2707 (83.2) 923 (87.7) <0.001
disease: n (%)
Liver disease: n (%) 206 (2.9) 206 (2.9) 125 (3.2) 103 (3.2) 47 (4.5) 0.06
Obesity: n (%) 738 (10.4) 738(10.4) 477 (12.2) 387 (11.9) 132 (12.5) 0.008
Hypertension: n (%) 4139 (58.3) 4139 (58.3) 2529 (64.9) 2122 (65.2) 739 (70.2) <0.001
Chronic kidney 1789 (25.2) 1789 (25.2) 1108 (28.4) 947 (29.1) 344 (32.7) <0.001
disease: n (%)
Diabetes n (%) 2272 (32.0) 2272 (32.0) 1376 (35.3) 1149 (35.3) 399 (37.9) <0.001

*P values from comparisons between patients between time periods, not including overall column.

were observed to experience the lowest mortality
rates, followed by patients in the fully vaccinated
period (HR 0.36 [0.30, 0.43] and 0.33 [0.23, 0.48]
respectively) compared to unvaccinated individuals,
all P< 0.001) (Table 2). There was no significant asso-
ciated difference in mortality among patients who
were partially vaccinated vs. unvaccinated (HR =0.87
(0.68, 1.12), P= 0.28) (Fig. 1). Fully vaccinated or
boosted patients were also significantly less likely to
be admitted to the hospital (IRR 0.68 (0.65,0.71); P<
0.001) or admitted to the ICU (IRR 0.63 (0.58, 0.68);
P< 0.001) than unvaccinated or partially vaccinated
individuals (Table 2).

In secondary analyses examining whether adverse
events were COVID-19-related, SARS-CoV-2 test pos-
itivity was, indeed, associated with higher rates of
hospitalization (IRR 1.67 [1.47, 1.89]; P< 0.001), ICU

admission (IRR 2.01 [1.65, 2.44]; P< 0.001), and mor-
tality (HR 3.39 [2.54, 4.50]; P< 0.001). Among
patients with SARS-CoV-2 positive tests, vaccination
status was associated with lower rates of adverse
events compared to those with an unvaccinated sta-
tus: hospitalization (HR 0.83 [0.78, 0.89]; P= 0.02);
ICU admission (IRR 0.57 [0.37, 0.86]; P= 0.009), and
mortality (HR 0.35[0.12, 0.97]; P=0.045.

Discussion

Patients with HF constitute a high-risk population
for adverse outcomes with COVID-19. To our knowl-
edge, this is 1 of the largest studies to examine the
association between COVID-19 vaccination status
and clinical outcomes, specifically among patients
with HF, in whom vaccine hesitancy attributed to
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Table 2. Summary of Regression Models for Hospitalization, ICU Admission and Mortality

Statistic Reference Level Coefficient Estimate (95% CI) P Value
Model 1: Mortality* Hazard ratio (HR) Unvaccinated Partially vaccinated 0.87 (0.68, 1.12) 0.28
Fully vaccinated 0.36 (0.30, 0.43) <0.001
Boosted 0.33(0.23, 0.48) <0.001
Model 2: Hospitalization Incidence rate ratio Unvaccinated or Fully vaccinated or 0.68 (0.65, 0.71) <0.001
Count' (IRR) partially vaccinated vaccine-boosted
Model 3: ICU Admission Incidence rate ratio Unvaccinated or Fully vaccinated or 0.63 (0.58, 0.68) <0.001

Count (IRR)

partially vaccinated

vaccine-boosted

*Inverse probability treatment-weighted model with time-dependent covariate for vaccination.

fNegative binomial regression model for count of hospitalizations.

¥Negative binomial regression model for count of ICU admissions.Adjustment covariates: age, sex, race/ethnicity, insurance, smoking,
pulmonary disease, immunological disease, liver disease, obesity, hypertension, chronic kidney disease, diabetes.

perceived cardiac side effects may be encountered.
Full vaccination and vaccine-boosted status was
associated with a significantly lower incidence of
hospitalizations, ICU admissions and mortality than
partially vaccinated or unvaccinated status. These
adverse events were at least in part COVID-19-
related (as SARS-CoV-2 test positivity was associated
with higher risk) and among patients who tested
positive for SARS-CoV-2, fully vaccinated and
boosted vaccine status was associated with fewer
hospitalizations and lower mortality rates.

There are several limitations to this study related
to the rapid, ongoing spread of COVID-19 and its
different variants during the assessed study period.
Data was restricted to 1, albeit large, hospital sys-
tem, and, thus, seropositivity for SARS-CoV-2, hospi-
talization or death in other hospital systems were
not captured. Individuals were not distinguished
based on type or stage of HF (HF with preserved
ejection fraction vs HF with reduced ejection frac-
tion) or cause of hospitalization. Although analyses
were adjusted for relevant confounding factors,
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Fig. 1. Cumulative incidence curve for mortality, stratified
by vaccination status.

unmeasured variables, such as social determinants
of health, health literacy and access to care may
have contributed to between-group differences.
Data concerning specific treatment for HF or COVID-
19 were not available.

Conclusion

In a large New York City cohort of patients with
HF, vaccination against COVID-19 was associated
with a lower likelihood of all-cause hospitalizations
and mortality. Benefit of vaccination was observed
in a graded fashion because vaccine-boosted status
was associated with the lowest rates of hospitaliza-
tion and mortality, followed by fully and partially
vaccinated status, with the worst outcome associa-
tion being observed in unvaccinated individuals.
These findings underscore the profound protective
effect of vaccination against COVID-19 in patients
with HF.
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