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Abstract

Aims We examined the value of N-terminal pro-B-type natriuretic peptide (NT-proBNP) in patients admitted for coronavirus
disease 2019 (COVID-19) without prior history of heart failure (HF) or cardiomyopathy.
Methods and results Retrospective cohort of consecutive adults (N = 679; median age 59 years; 38.7% women; 87.5%
White; 7.1% Black; 5.4% Asian; 34.3% Hispanic) admitted with documented COVID-19 in an academic centre in Long Island,
NY. Admission NT-proBNP was categorized using the European Society of Cardiology Heart Failure Association age-specific
criteria for acute presentations. We examined (i) mortality and the composite of death or mechanical ventilation and (ii)
out-of-hospital, intensive care unit (ICU)-free, and ventilator-free days at 28 days. Estimates were adjusted for confounders
using a lasso selection process. Using age-specific criteria, 417 patients (61.4%) had low, 141 (20.8%) borderline, and 121
(17.8%) high NT-proBNP. Mortality was 5.8%, 20.6%, and 36.4% for patients with low, borderline, and high NT-proBNP, respec-
tively. In lasso-adjusted models, high NT-proBNP was associated with higher mortality [hazard ratio (HR) 2.15; 95% confidence
interval (CI) 1.06–4.39; P = 0.034] and composite endpoint rates (HR 1.66; 95%CI 1.04–2.66; P = 0.035). Patients with high
NT-proBNP had 32%, 33%, and 33% fewer out-of-hospital, ICU-free, and ventilator-free days compared with low NT-proBNP
counterparts. Results were consistent across age, sex, and race, and regardless of coronary artery disease or hypertension,
except for stronger mortality signal with high NT-proBNP in women.
Conclusions In patients with COVID-19 and no HF history, high admission NT-proBNP is associated with higher mortality and
healthcare resources utilization. Preventive strategies may be required for these patients.
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Introduction

Coronavirus disease 2019 (COVID-19) results from infection
with the SARS-COV-2 virus and has been associated with sig-
nificant morbidity, including respiratory failure, acute kidney
injury, thromboembolic complications, and cardiovascular
involvement.1 Although overt cardiac involvement during
the acute phase is unusual, cardiac magnetic resonance
imaging studies have shown subclinical ongoing inflammation

in patients with recovered COVID-19,2 and autopsy studies
have shown infection of the myocardium in severe COVID-
19.3 Furthermore, risk factors for cardiovascular disease, in-
cluding hypertension, diabetes, and obesity, as well as prior
cardiovascular disease, including heart failure and coronary
artery disease, predict worse outcomes in patients with
COVID-19.4

Elevations of troponin and N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) predict worse outcomes in
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patients hospitalized with COVID-19, including death and
mechanical ventilation in both single centre studies5,6 and
meta-analyses.7,8 NT-proBNP has also been incorporated as
part of a model to risk stratify patients in an attempt to
potentially improve healthcare resource allocation.9 Outside
of COVID-19, elevations in NT-proBNP is associated with
worse outcomes in hospitalized patients with and without
history of heart failure (HF).10 However, data on the clinical
value NT-proBNP levels in patients with COVID-19 without
prior history of HF are limited. Progressive inflammation,
hypoxemia, sepsis, and volume overload in COVID-19
may increase myocardial stress,11 and in conjunction with
the primary lung impairment and renal injury may predis-
pose patients with COVID-19 to develop an acute HF
phenotype,12 for which NT-proBNP may serve as a
surrogate.

Prior studies have examined NT-proBNP levels in all-
comers with COVID-19. In this work, we have individually
adjudicated the absence of HF history or cardiomyopathy
in a cohort of patients admitted with COVID-19 in an aca-
demic referral centre during the first wave of the pandemic
in Long Island, NY. Using the age-specific diagnostic classifi-
cation of NT-proBNP for acute presentations endorsed by
the Heart Failure Association of the European Society of Car-
diology (ESC),13 we examined the association between ad-
mission NT-proBNP and 28 day clinical outcomes and
healthcare resources utilization (HCRU). We hypothesized
that elevated admission NT-proBNP is independently associ-
ated with worse outcomes and more HCRU in patients with
COVID-19.

Methods

Study population

This is a retrospective cohort study of consecutive patients
who were admitted with confirmed COVID-19 pneumonia at
a single academic centre (Stony Brook Medical Center, Stony
Brook, NY) between 3/1/2020 and 4/16/2020, that is, during
the first wave of the COVID-19 pandemic in New York. We
reviewed the medical records of adults who tested positive
for SARS-CoV-2 by polymerase chain reaction and were deter-
mined to have COVID-19 pneumonia with at least moderate
disease based on World Health Organization criteria, defined
as adults with COVID-19 and clinical signs of pneumonia in-
cluding fever, cough, dyspnoea, or tachypnea.14 From the ini-
tial inception cohort of 1020 patients, we excluded patients
who (i) were previously intubated prior to transfer to the ac-
ademic centre, (ii) had documented history of HF or cardio-
myopathy or were undergoing diagnostic evaluation for
these entities, and (iii) did not have NT-proBNP available on
admission.

Data collection and processing

Data were extracted from our electronic medical records sys-
tem including demographics, comorbid conditions, medica-
tion use, self-reported smoking history, vital signs, and
laboratory values including NT-proBNP levels. Vital signs
and laboratory values were collected on the day of admis-
sion. Standard census definitions were used regarding race
and ethnicity. We excluded patients with known or suspected
HF or cardiomyopathy. History of HF or cardiomyopathy was
adjudicated individually for each patient, based on past med-
ical history, medications, previous imaging data, and cardiol-
ogy documentation in the electronic medical records.
Briefly, presence of HF was verified if, in addition to a physi-
cian diagnosis, there was (i) documentation of symptoms (e.
g. shortness of breath) or signs (e.g. oedema) of HF; (ii)
supporting echocardiographic findings; and (iii) HF therapy,
including diuretics, beta-blockers, or renin-angiotensin-aldo-
sterone system inhibitors. We used the guidance provided
by the ESC guidelines for corroborating echocardiographic
criteria to diagnose HF in cases without reduced left ventric-
ular ejection fraction.15 Follow up data were collected until
death, hospital discharge, or readmission for COVID-19-re-
lated causes. We used the 28 day framework for outcomes
and HCRU, which has been standard in recent COVID-19
trials.16,17 Patients not readmitted by 28 days were consid-
ered alive and out of the hospital for the purposes of HCRU
analysis. Patients still hospitalized by the database lock (July
22, 2020) were censored as alive for length of stay, mechan-
ical ventilation, and mortality analysis. This study was ap-
proved by the Institutional Review Board of Stony Brook
University (IRB2020-00211).

Inpatient echocardiography was performed sparingly dur-
ing the first pandemic wave, after screening of echocardio-
gram requests by experienced cardiac imaging faculty, out
of concerns about patient and personnel safety and the need
to carefully allocate constrained human resources and per-
sonal protective equipment. As a result, few patients had
echocardiograms performed during their COVID-19 hospitali-
zation or shortly thereafter, and several studies were partial,
that is, an abbreviated protocol was employed to reduce
physician and patient exposure.

N-terminal pro-B-type natriuretic peptide

We used the ESC-endorsed, age-specific criteria for diagnostic
classification of NT-proBNP during acute presentations13 to
categorize admission NT-proBNP levels into the following:
(i) low (<300 pg/mL, suggesting HF is unlikely); (ii) borderline
(300–450 ng/mL for ages < 50; 300–900 ng/mL for ages 50–
75; and 300–1800 ng/mL for ages> 75, characterized as ‘grey
zone’ for HF diagnosis); and (iii) high (>450 ng/mL for
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ages < 50; >900 ng/mL for ages 50–75; and >1800 ng/mL
for ages > 75, suggesting that HF is likely).

Endpoints

The primary endpoint was 28 day mortality. The secondary
endpoint was the composite of death or mechanical ventila-
tion at 28 days. We assessed HCRU using the 28 day frame-
work that has been previously used in COVID-19 studies.18

Metrics of HCRU included (i) days alive out of hospital (‘hos-
pital-free’ days); (ii) days alive outside the intensive care unit
(ICU) (‘ICU-free’ days); and (iii) days alive not on mechanical
ventilation (‘ventilator-free’ days), during the first 28 days.

Statistical analysis

Demographic and presenting characteristics were compared
across NT-proBNP categories with non-parametric tests for
trend. The association between admission NT-proBNP and
the primary and secondary endpoints (time-to-event analysis)
was evaluated with adjusted Cox proportional hazards
models. Given the large number of potential confounders
and relatively small number of events, we used a machine
learning approach (lasso inferential models) to select the
most relevant adjustment model without overfitting.19 Spe-
cifically, we used a double-selection lasso logistic regression
(process dslogit in STATA and a plugin selection method) with
each endpoint (i.e. death at 28 days and the composite of
death or mechanical ventilation at 28 days, in separate re-
gressions) as dependent variables of interest, NT-proBNP
(categorized as described above) as the exposure of interest,
and all the variables in Table 1 as potential confounders
(‘control’ variables).20 This process estimates separate lassos
both for the outcomes and for the exposures of interest to
select the optimal degree of penalization (‘lambda’). We con-
firmed the covariate selection with an alternative lasso-based
inferential method, the partialling-out lasso,21 which reached
the same covariates. Before running the lasso processes, we
used multiple imputations (N = 5) with chained equations
for missing covariate values and ran each lasso separately
for each imputed data set; the lasso-selected covariates were
stable across the imputed data sets. Similarly, we ran ad-
justed Cox regression models in the imputed data sets and
combined the estimates as previously described.22 The fol-
lowing covariates were selected by the double-selection lasso
process and were included in adjusted Cox models: age, sex,
race, history of hypertension, coronary artery disease, and
chronic kidney disease, days from symptom onset, systolic
blood pressure, temperature, creatinine, D-dimers, troponin
T, alanine aminotransferase, procalcitonin, and QTc interval
on presentation. For HCRU analysis, we used logistic regres-
sion models to examine need for ICU and mechanical

ventilation and negative binomial regression models to exam-
ine hospital-free, ICU-free, and ventilator-free days. All
models were adjusted for the covariates described above,
and estimates were derived from imputed data sets for miss-
ing values. Cox models met the proportional hazards assump-
tion as evaluated with the Schoenfeld residuals. In
pre-specified analyses, we examined the association of
NT-proBNP with outcomes in the following subgroups:
age ≥ 65 vs. <65; male vs. female; White vs. non-White pa-
tients; history of coronary artery disease; and presence of hy-
pertension. For the subset of patients with available
echocardiographic data, we also calculated the HFA-PEFF
score, which is recommended by the Heart Failure Associa-
tion of ESC as a means to support the diagnosis of HF with
preserved ejection fraction,23 and we examined the correla-
tion of echocardiographic characteristics with NT-proBNP cat-
egories. Statistical analyses were performed using STATA 16.1
(StataCorp, College Station, TX).

Results

Baseline characteristics

Of the 945 patients who fulfilled the clinical inclusion and ex-
clusion criteria, 679 (71.9%) had NT-proBNP on admission
and were included in the analytic cohort (Supporting Infor-
mation, Figure S1). Patients with available NT-proBNP were
older; more likely to be male; had higher prevalence of hy-
pertension, diabetes, coronary artery disease, chronic lung
disease, home use of angiotensin converting enzyme inhibi-
tors, angiotensin receptor blockers, and statin regimens;
and had higher heart rate, temperature, respiratory rate,
lower oxygen saturation, higher FiO2 requirement, longer
QTc, and higher creatinine at presentation. These patients
also had higher erythrocyte sedimentation rate, ferritin,
C-reactive protein, and procalcitonin and had lactate dehy-
drogenase values (Table S1).

The median NT-proBNP on admission was 164 ng/mL
(25th–75th percentile, 49–723). Using the ESC-endorsed,
age-specific criteria for diagnostic NT-proBNP categorization,
417 patients (61.4%) had low, 141 (20.8%) borderline, and
121 (17.8%) high NT-proBNP levels. Patients with borderline
or high NT-proBNP were older; more likely to be
non-Hispanic and female; and had lower body mass index,
more hypertension, coronary artery disease, atrial fibrillation,
chronic lung disease, chronic kidney disease, immunocompro-
mised state, and home statin use when compared with pa-
tients with low NT-proBNP values. These patients also had
shorter symptom duration, lower diastolic blood pressure,
heart rate, and temperature, and required higher FiO2 at pre-
sentation. Patients with borderline or high NT-proBNP had
higher creatinine, troponin, erythrocyte sedimentation rate,
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C-reactive protein, D-dimer, and procalcitonin and had lower
lymphocyte count on presentation (Table 1). During hospital-
ization, corticosteroids (which may cause or exacerbate fluid

retention) were administered in 36.4%, 46.1%, and 38.8% of
patients with low, borderline, and high admission NT-proBNP,
respectively (P = 0.129 for Fisher’s exact test).

Table 1 Baseline patient characteristics according to admission NT-proBNP categoriesa

Characteristic
Low NT-proBNP

(N = 417)
Borderline

NT-proBNP (N = 141)
High NT-proBNP

(N = 121) P valueb

Demographics
Age (years) 55 (47–64) 73 (64–83) 71 (61–84) <0.001
Race, N (%) 0.085
White 358 (85.9) 122 (86.5) 112 (92.6)
Black 33 (7.9) 11 (7.8) 3 (2.5)
Asian 26 (6.2) 8 (5.7) 6 (5.0)

Hispanic, N (%) 159 (38.1) 38 (27.0) 32 (26.4) 0.009
Female sex 144 (34.5) 68 (48.2) 51 (42.1) 0.011
Body mass index (kg/m2) 30.0 (26.4–35.4) 27.7 (25.4–31.0) 27.6 (24.4–32.8) <0.001

Comorbidities, N (%)
Hypertension 180 (43.2) 106 (75.2) 96 (80.0) <0.001
Diabetes 109 (26.1) 49 (34.8) 40 (33.1) 0.084
Coronary artery disease 33 (7.9) 30 (21.3) 41 (34.2) <0.001
Atrial fibrillation 11 (3.0) 17 (14.2) 16 (15.7) <0.001
Chronic lung disease 25 (6.0) 26 (18.4) 18 (15.0) <0.001
Chronic kidney disease 11 (2.6) 13 (9.2) 30 (25.0) <0.001
Asthma 40 (9.6) 6 (4.3) 9 (7.5) 0.122
Immunocompromised 26 (6.5) 19 (14.0) 16 (14.0) 0.006

Medication use, N (%)
ACE inhibitor 58 (13.9) 28 (19.9) 21 (17.5) 0.193
Angiotensin receptor blocker 61 (14.6) 28 (19.9) 27 (22.5) 0.076
Statins 122 (29.3) 66 (46.8) 63 (52.5) <0.001

Initial vital signs, N (%)
Systolic blood pressure (mmHg) 123 (112–139) 129 (113–146) 130 (108–148) 0.103
Diastolic blood pressure (mmHg) 75 (69–82) 71 (63–80) 68 (62–78) <0.001
Heart rate (bpm) 100 (89–112) 92 (78–104) 91 (80.5–104) <0.001
Temperature (°C) 37.8 (37.2–38.7) 37.7 (37.2–38.7) 37.4 (36.9–38.25) <0.001
Respiratory rate (bpm) 20 (18–26) 20 (18–26) 20 (18–28) 0.685
Oxygen saturation (%) 93 (91–95) 93 (91–96) 94 (90–96) 0.280
FiO2 requirement 32 (28–50) 32 (28–44) 36 (28–100) 0.002

Clinical findingsc, N (%)
Symptom duration on presentation (days) 7 (5–10) 5 (3–7) 4 (2–7) <0.001
QTc (ms) 431 (415–449) 442 (420.5–461) 450 (427–472) <0.001
Creatinine (mg/dL) 0.88 (0.7–1.02) 0.98 (0.77–1.39) 1.31 (0.97–2.69) <0.001
Alanine aminotransferase (IU/L) 38 (24–61) 26 (16–45) 21 (15–37) <0.001
Aspartate aminotransferase (IU/L) 45 (31–68) 41 (29.5–61.5) 36 (28–60) 0.007
Lymphocyte count (K/uL) 0.91 (0.67–1.22) 0.78 (0.51–1.13) 0.76 (0.49–1.24) <0.001
International normalized ratio 1.2 (1.1–1.2) 1.1 (1.1–1.3) 1.1 (1.1–1.3) 0.875
Troponin (ng/mL) 0.01 (0.01–0.01) 0.01 (0.01–0.02) 0.04 (0.01–0.1) <0.001
ESR (mm/h) 53 (31–73) 57 (30–81) 61 (37–81) 0.025
Ferritin (ng/mL) 828 (418–1,550) 654 (286–1206) 912 (475–1898) 0.754
C-reactive protein (mg/dL) 9.2 (4.4–16.1) 9.6 (4.8–16.4) 11.0 (5.4–21.9) 0.041
D-dimer (ng/mL) 288 (195–441) 459 (277–962) 590 (347–1,401) <0.001
Procalcitonin (ng/mL) 0.15 (0.10–0.28) 0.19 (0.12–0.4) 0.45 (0.2–1.2) <0.001
Lactate dehydrogenase (IU/L)d 385 (301–495) 354 (269–482) 379 (290–521) 0.996
Creatine phosphokinase (IU/L)e 146 (66–321) 138 (59–285) 118 (61–365) 0.674
Interleukin-6 (pg/mL) 49.2 (24.6–87.6) 69.9 (34.3–111.4) 54.4 (26.0–117.6) 0.084

Values are N (%) or median (25th–75th percentile).
aCategories of NT-proBNP are defined per Heart Failure Association of the European Society of Cardiology practical guidance statement on
natriuretic peptides, Eur J Heart Fail 2019:21; 715–731. Low NT-proBNP (‘heart failure unlikely’) is defined as <300 ng/mL. Borderline
NT-proBNP (‘grey zone’) is defined as 300–450 ng/mL for ages <50; 300–900 ng/mL for ages 50–75; and 300–1800 ng/mL for ages
>75. High NT-proBNP (‘heart failure likely’) is defined as >450 ng/mL for ages <50; >900 ng/mL for ages 50–75; and >1800 ng/mL
for ages >75.

bNon-parametric test for trend across ordered categories.
cFindings within 48 h of admission.
dAvailable in 367 patients.
eAvailable in 362 patients.
ACE, angiotensin converting enzyme; ESR, erythrocyte sedimentation rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; QTc,
corrected QT interval on electrocardiogram.
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N-terminal pro-B-type natriuretic peptide and
outcomes

At 28 days, 97 patients had died (14.3%), and 207 patients
(30.5%) met the 28 day secondary endpoint of death or me-
chanical ventilation. Mortality at 28 days was 5.8%, 20.6%,
and 36.4% for patients with age-specific low, borderline,
and high admission NT-proBNP, respectively (Figure 1A).
The secondary endpoint was met by 23.7%, 35.5%, and
47.9% of patients with low, borderline, and high NT-proBNP,
respectively (Figure 1B).

In Cox regression models adjusting for significant con-
founders, patients with high NT-proBNP levels were at sig-
nificantly higher risk for death [hazard ratio (HR) 2.15;
95% confidence interval (CI) 1.06–4.39; P = 0.034] and the
composite of death or mechanical ventilation (HR 1.66;
95%CI 1.04–2.66; P = 0.035) at 28 days. Confounders were
selected with lasso models for inference (age, sex, race, his-
tory of hypertension, coronary artery disease, chronic kid-
ney disease, days from symptom onset, systolic blood
pressure, temperature, creatinine, D-dimers, troponin T, ala-
nine aminotransferase, and procalcitonin on presentation).
Patients with low and borderline NT-proBNP were not at
significantly higher risk for the primary or secondary end-
point (Table 2).

In analyses with log10-NT-proBNP examined as a continu-
ous variable, each log10 higher NT-proBNP at baseline was as-
sociated with a HR of 1.58 (95%CI 1.10–2.27; P = 0.013) for
mortality and 1.33 (95%CI 1.05–1.69; P = 0.017) for the com-
posite of death or mechanical ventilation in adjusted models
including the covariates described above.

N-terminal pro-B-type natriuretic peptide and
healthcare resources utilization

Median length of stay in the hospital was 9 days (5–16). In to-
tal, 188 patients (27.7%) required ICU admission, with me-
dian ICU length of stay of 13 days (6–26), and 163 (24.0%)
required mechanical ventilation with median duration of
12 days (7–22). In adjusted models, elevated admission
NT-proBNP (borderline or high) was not significantly associ-
ated with need for ICU admission or mechanical ventilation
(Table 3).

At 28 days, patients had a median of 18 hospital-free days
(0–23), 28 ICU-free days (15–28), and 28 ventilator-free days
(18–28). In adjusted analyses, patients with high admission
NT-proBNP spent fewer hospital-free, ICU-free, and ventila-
tor-free days compared with those with low admission NT-
proBNP, by 32%, 33%, and 33%, respectively (Table 3). Bor-
derline or low admission NT-proBNP was not associated with
fewer HCRU-free days.

Subgroup analyses

In pre-specified analyses, the association of admission
NT-proBNP (examined as continuous log10-NT-proBNP) was
not significantly different between patients 65 years or older
vs. younger; in White vs. non-White patients; and in patients
with or without history of coronary artery disease or hyper-
tension (Figure S2A and S2B—unadjusted estimates). How-
ever, there was a signal for stronger association of
NT-proBNP with mortality (but not with the composite of

Figure 1 Kaplan–Meier estimates of 28-day mortality (A) and composite of death or mechanical ventilation (B) according to admission N-terminal pro-
B-type natriuretic peptide (NT-proBNP). Categories of NT-proBNP defined per the recommendations of the Heart Failure Association of the European
Society of Cardiology. Low NT-proBNP is defined as <300 ng/mL. Borderline NT-proBNP is defined as 300–450 ng/mL for ages<50; 300–900 ng/mL for
ages 50–75; and 300–1800 ng/mL for ages> 75. High NT-proBNP is defined as >450 ng/mL for ages<50;>900 ng/mL for ages 50–75; and>1800 ng/
mL for ages >75.
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death or mechanical ventilation) in women vs. men. The ad-
justed HR estimate per log10-NT-proBNP was 5.29 (95%CI
2.16–12.97; P < 0.001) in women vs.1.20 (95%CI 0.78–1.84;
P = 0.40) in men, P < 0.001 for the interaction. However,
the number of deaths in women was small, and therefore,
this result needs to be interpreted with caution, as the asso-
ciation of NT-proBNP with the composite endpoint did not
differ between men and women.

Echocardiography subset

Among the 679 patients in the study, 57 (8.4%) had an echo-
cardiogram during their COVID-19 hospitalization or shortly
thereafter (maximum time from admission to echocardiogra-
phy was 4 months). The echocardiographic findings and
non-parametric correlation with NT-proBNP are summarized
in Table S2. Patients with a larger left atrium tended to have

higher NT-proBNP levels. Using the HFA-PEFF score, 5 of 57
patients would meet criteria for HF with preserved ejection
fraction (5 or 6 points), assuming continuing presence of
symptoms.

Discussion

In this single-centre retrospective study, elevated admission
NT-proBNP was associated with higher mortality and higher
rates of death or mechanical ventilation in hospitalized
COVID-19 patients without history of HF or cardiomyopathy.
When NT-proBNP was categorized into low, borderline, or
high (using age-specific criteria endorsed by ESC), high
NT-proBNP (vs. low) was associated with two-fold higher
28 day mortality and 1.5-fold elevated risk for death or me-
chanical ventilation after accounting for covariates selected

Table 2 Patient outcomes according to admission NT-proBNP

Characteristic
Lowa NT-proBNP

(N = 417) P value
Borderline NT-proBNP

(N = 141) P value
High NT-proBNP

(N = 121) P value

Mortality
Events at 28 days, N (%) 24 (5.8) 29 (20.6) 44 (36.4)
Unadjusted HR (95%CI) 1.00 Ref. 3.87 (2.26–6.62) <0.001 7.86 (4.78–12.9) <0.001
Adjusted HR (95%CI)b 1.00 Ref. 1.44 (0.70–2.97) 0.322 2.15 (1.06–4.39) 0.034

Composite
Events at 28 days, N (%) 99 (23.7) 50 (35.5) 58 (47.9)
Unadjusted HR (95%CI) 1.00 Ref. 1.61 (1.15–2.25) 0.006 2.47 (1.78–3.43) <0.001
Adjusted HR (95%CI)b 1.00 Ref. 1.34 (0.87–2.07) 0.186 1.66 (1.04–2.66) 0.035

aCategories of NT-proBNP defined as in Table 1.
bAdjusted for age, sex, race, history of hypertension, coronary artery disease, and chronic kidney disease, days from symptom onset, sys-
tolic blood pressure, temperature, creatinine, D-dimer, troponin T, alanine aminotransferase, procalcitonin, and QTc on presentation.
CI, confidence interval; HR, hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Table 3 Healthcare resources utilization at 28 days according to admission NT-proBNP

Variable

Low NT-proBNPa Borderline NT-proBNP High NT-proBNP

(N = 417) P value (N = 141) P value (N = 121) P value

ICU admission
Events, N (%) 111 (26.6) 39 (27.7) 38 (31.4)
OR (95%CI)b 1.00 Ref. 1.28 (0.71–2.30) 0.41 1.37 (0.67–2.81) 0.39

Mechanical ventilation
Events, N (%) 92 (22.1) 38 (27.0) 33 (27.3)
OR (95%CI) 1.00 Ref. 1.64 (0.90–2.99) 0.10 1.58 (0.76–3.30) 0.22

Hospital-free days
Days, mean (SD) 15.9 (9.0) 12.6 (9.8) 10.7 (10.7)
RR (95%CI) 1.00 Ref. 0.83 (0.65–1.07) 0.15 0.65 (0.45–0.94) 0.02

ICU-free days
Days, mean (SD) 23.3 (9.0) 19.4 (12.2) 15.6 (13.5)
RR (95%CI) 1.00 Ref. 0.87 (0.71–1.06) 0.16 0.58 (0.41–0.83) 0.003

Ventilator-free days
Days, mean (SD) 23.9 (8.7) 19.7 (12.0) 15.9 (13.5)
RR (95%CI) 1.00 Ref. 0.88 (0.72–1.08) 0.23 0.61 (0.43–0.87) 0.006

aCategories of NT-proBNP defined as in Table 1.
bAll estimates have been adjusted for age, sex, race, history of hypertension, coronary artery disease, and chronic kidney disease, days
from symptom onset, systolic blood pressure, temperature, creatinine, D-dimer, troponin T, alanine aminotransferase, procalcitonin,
and QTc on presentation.
CI, confidence interval; OR, odds ratio; RR, rate ratio; SD, standard deviation.
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with a machine learning algorithm. Results were similar when
admission NT-proBNP was evaluated as a continuous vari-
able. Although high NT-proBNP was not associated with
higher rates of ICU admission or need for mechanical ventila-
tion in our study, overall, 28 day HCRU was higher among pa-
tients with high NT-proBNP, as evident from fewer out-of-
hospital, ICU-free, and ventilator-free days in this patient
group. Importantly, the association of elevated NT-proBNP
with outcomes was consistent in patients with vs. without
history of coronary artery disease or hypertension, and across
age, race, and gender groups. There was a signal for higher
mortality risk with elevated NT-proBNP in women, but the
number of events was small, and this finding needs confirma-
tion in larger studies.

Previous studies have shown that elevations in cardiac bio-
markers including troponin and NT-proBNP predict worse
outcomes in patients with COVID-19.5 Subsequent
meta-analysis have shown that higher NT-proBNP is associ-
ated with severe clinical condition, higher rates of mechanical
ventilation, and mortality.7,24 However, these studies have
assessed NT-proBNP in populations based on requirement
for mechanical ventilation,25 presence of cardiac injury,7

and development of acute HF.6 We specifically examined
NT-proBNP in non-selected hospitalized patients with
COVID-19 without history of HF or cardiomyopathy, demon-
strating that high NT-proBNP is associated with poor out-
comes in these COVID-19 patients. Our findings have
several clinical and pathophysiological implications.

Healthcare resources allocation has been a challenge as
COVID-19 has placed substantial strain on healthcare sys-
tems. Cardiac biomarkers can risk stratify patients and there-
fore have been proposed as tools to improve resource
utilization, although how to use those findings is not entirely
clear.26 Our study did confirm that patients with high admis-
sion NT-proBNP need longer hospitalization and more ICU
and ventilator days, which was not consistently demon-
strated in previous studies, potentially as a result of smaller
sample size.27 From a management perspective, patients with
COVID-19 and age-specific high NT-proBNP on admission may
need cardiac imaging even in the absence of history of Stage
C HF. Dormant Stage B disease may place patients at higher
risk,28 and structural abnormalities combined with myocar-
dial injury are associated with increased mortality.15 Elevated
NT-proBNP in patients admitted with COVID-19 with no
known cardiac conditions may point to COVID-19-mediated
cardiac complications, and therefore, these patients should
be considered for cardiac imaging. For example, point of care
ultrasound may be used to screen for important cardiac dis-
ease and congestion, for example, through inferior vena cava
collapsibility and the presence of B-lines or pleural effusion.
As higher NT-proBNP is associated with a worse prognosis in-
dependent of troponin, elevated NT-proBNP should perhaps
prompt stratified management, for example, closer fluid bal-
ance monitoring.15 Serial NT-proBNP determinations could

also supplement clinical assessment of changes in volume
status. In any case, these strategies would need prospective
evaluation.

An advantage of our study is the use of consensus-based,
age-specific cut-off points for NT-proBNP. In studies with
data-driven cut-offs to define elevated NT-proBNP, the asso-
ciated risk in patients with COVID-19 was potentially
overestimated due to overfitting. For example, a previous
large cohort study reported an adjusted HR for mortality in
high vs low NT-proBNP patients of 5.11 (95%CI, 3.50–
7.47).29 However, this study utilized an operational cut-off
based on institutional distribution of biomarkers. Besides
providing more moderate and potentially less biased risk es-
timates, the standardized NT-proBNP definitions suggested
by the ESC may also provide a more generalizable context
in interpreting NT-proBNP in COVID-19.

Several mechanisms have been proposed to explain the as-
sociation of NT-proBNP with outcomes in patients with
COVID-19. These include progressive inflammation, hypox-
emia, sepsis, and volume overload states, which may increase
myocardial stress.11,30 Vascular complications of COVID-19 in-
cluding pulmonary embolism and acute kidney injury may
also aggravate myocardial stress. These mechanisms may
predispose patients with COVID-19 to manifest an acute HF
phenotype.12 Unfortunately, imaging, including cardiac imag-
ing, was only sparingly performed during the first wave of the
pandemic, as a result of constrained resources. Therefore,
the mechanistic insights that could be gained from detailed
imaging are lacking. In the limited subset of patients with
echocardiographic data available, however, most parameters
of systolic and diastolic function were within normal limits,
suggesting additional mechanisms that may underlie cardiac
stretch and elevated NT-proBNP, for example, fluid retention.
However, these data should be interpreted with extreme cau-
tion, as the numbers were small, echocardiography studies
were limited in scope, and echocardiography was performed
per clinical indication; thus, this subset of does not represent
a random subset. Further mechanistic studies, including car-
diac imaging and systematic volume status assessment,
would help further understand the implications of elevated
NT-proBNP in COVID-19. The signal for a stronger association
of high NT-proBNP with mortality in women is alarming and
should be evaluated in prospective studies. Notably, a similar
differential association, albeit with long-term mortality, has
been reported by a clinical trial with BNP used as a diagnostic
tool in acute presentations.31

Limitations

There are several limitations to our study. First, NT-proBNP
was not systematically assessed during admission for
COVID-19 in our institution, which may have led to inclusion
of patients with a higher burden of comorbidities, inherently

NT-proBNP and Outcomes in Hospitalized COVID-19 7

ESC Heart Failure (2021)
DOI: 10.1002/ehf2.13548



higher risk, and more severe presenting clinical condition.
Second, as healthcare systems in our area were under signif-
icant stress, cardiac imaging was used sparingly, and thus, we
could not provide information on underlying Stage B HF in
our patients. In addition, several patients admitted for
COVID-19 had no previous records in our institution and thus
previous workup for HF symptoms may have been performed
elsewhere but not transmitted timely, leading to incomplete
adjudication elements. Both these limitations might be espe-
cially relevant for the adjudication of HF with preserved ejec-
tion fraction, and thus, misclassification of this entity in our
study is possible. Third, NT-proBNP was not serially assessed,
and thus, we could not evaluate the incremental value of se-
rial data. Fourth, despite studying a non-selected COVID-19
population, patients admitted during the first wave of the
pandemic in our region had generally at least moderate to se-
vere presentations, as evident by overall high mortality and
need for mechanical ventilation. Subsequent populations
may exhibit better prognosis despite similar NT-proBNP
levels, as healthcare systems are better prepared and more
effective treatments become available. Finally, although this
study identified significant trends in HCRU, larger cohorts
with more power may identify significant differences in ICU
admission or mechanical ventilation.

Conclusion

In patients with COVID-19 without HF history, age-specific
high NT-proBNP on admission was independently associated
with worse clinical outcomes and higher HCRU, with a ho-
mogenous effect across major subgroups. Whether we can
use this information to better manage patients admitted with
COVID-19—potentially through point-of-care imaging, close
fluid management, volume status monitoring, or other mea-
sures—with the goal to improve outcomes and reduce HCRU,
will need prospective investigation.
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