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ORIGINAL RESEARCH

N-Terminal Pro-B-Type Natriuretic Peptide 
as a Biomarker for the Severity and 
Outcomes With COVID-19 in a Nationwide 
Hospitalized Cohort
Christian O’Donnell , MD; Melanie D. Ashland , MS; Elena C. Vasti, MD; Ying Lu , PhD;   
Andrew Y. Chang , MD, MS; Paul Wang , MD; Lori B. Daniels , MD, MAS; James A. de Lemos , MD; 
David A. Morrow , MD, MPH; Fatima Rodriguez , MD, MPH; Connor G. O’Brien , MD

BACKGROUND: Currently, there is limited research on the prognostic value of NT-proBNP (N-terminal pro-B-type natriuretic 
peptide) as a biomarker in COVID-19. We proposed the a priori hypothesis that an elevated NT-proBNP concentration at ad-
mission is associated with increased in-hospital mortality.

METHODS AND RESULTS: In this prospective, observational cohort study of the American Heart Association’s COVID-19 
Cardiovascular Disease Registry, 4675 patients hospitalized with COVID-19 were divided into normal and elevated NT-proBNP 
cohorts by standard age-adjusted heart failure thresholds, as well as separated by quintiles. Patients with elevated NT-
proBNP (n=1344; 28.7%) were older, with more cardiovascular risk factors, and had a significantly higher rate of in-hospital 
mortality (37% versus 16%; P<0.001) and shorter median time to death (7 versus 9 days; P<0.001) than those with normal 
values. Analysis by quintile of NT-proBNP revealed a steep graded relationship with mortality (7.1%–40.2%; P<0.001). NT-
proBNP was also associated with major adverse cardiac events, intensive care unit admission, intubation, shock, and cardiac 
arrest (P<0.001 for each). In subgroup analyses, NT-proBNP, but not prior heart failure, was associated with increased risk of 
in-hospital mortality. Adjusting for cardiovascular risk factors with presenting vital signs, an elevated NT-proBNP was associ-
ated with 2-fold higher adjusted odds of death (adjusted odds ratio [OR], 2.23; 95% CI, 1.80–2.76), and the log-transformed 
NT-proBNP with other biomarkers projected a 21% increased risk of death for each 2-fold increase (adjusted OR, 1.21; 95% 
CI, 1.08–1.34).

CONCLUSIONS: Elevated NT-proBNP levels on admission for COVID-19 are associated with an increased risk of in-hospital 
mortality and other complications in patients with and without heart failure.

Key Words: biomarker ■ COVID-19 ■ critical care ■ mortality/survival ■ NT-proBNP

Among patients hospitalized with COVID-19, older 
patients and those with risk factors for cardiovas-
cular disease (CVD) such as obesity, hypertension, 

diabetes, and coronary artery disease experience worse 
outcomes.1 In line with this observation, cardiac injury as 
measured by elevation in cardiac troponin is associated 
with a higher risk of mortality in patients hospitalized with 

COVID-19.2 However, markers of myocardial stress, such 
as BNP (B-type natriuretic peptide) and NT-proBNP (N-
terminal proBNP), are not routinely assessed in patients 
admitted for COVID-19, and limited data on the prognos-
tic role of natriuretic peptides are available.

NT-proBNP is an established biomarker for diag-
nosing and monitoring heart failure (HF),3–6 ischemic 
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heart disease,7,8 and myocardial injury.9 NT-proBNP 
also carries prognostic value in noncardiac conditions 
such as lung disease. For example, in patients with 
chronic obstructive pulmonary disease without a his-
tory of HF, NT-proBNP is associated with an increased 
risk of exacerbations and cardiopulmonary death.10–12 
A similar relationship may exist between COVID-19 and 
NT-proBNP.

Previous studies have suggested that elevated lev-
els of NT-proBNP correlate with worse outcomes from 
COVID-19, but the small sample sizes and limited anal-
yses in these studies reduce generalizability.13–16 The 
aim of this study was to evaluate a large, nationwide 
database to better define the relationship between NT-
proBNP and clinical outcomes in patients hospitalized 
for COVID-19. We defined an a priori hypothesis that 

elevated NT-proBNP concentrations on admission 
would be associated with increased rates of in-hospital 
mortality in those with and without HF.

METHODS
Data and materials used within this study are avail-
able at https://preci​sion.heart.org/ by request from 
the corresponding author and the American Heart 
Association (AHA).

This study was reviewed by our institutional review 
committee, which deemed the project to fall under a 
quality improvement exemption, like other AHA Get 
With The Guidelines program efforts.

Study Design
The present study is a prospective observational cohort 
study using the COVID-19 CVD Registry Powered by the 
AHA’s Get With The Guidelines program. Inclusion crite-
ria in the COVID-19 CVD Registry were aged ≥18 years 
with SARS-CoV-2 infection confirmed by reverse 
transcriptase–polymerase chain reaction or positive 
IgM serology before or during the index hospitalization 
between January 23 and November 28, 2020, from 107 
hospitals in the United States regardless of history of 
CVD (n=21 528). For the purpose of this analysis, we 
focused on patients who had NT-proBNP measured as 
part of routine clinical care (n=4675; 21.7%). Seventy-six 
of 107 participating hospitals nationwide (71.0%) regu-
larly reported NT-proBNP values. Patients with BNP 
data only were not included (n=4042; 18.7%). All pa-
tients without an NT-proBNP or BNP value were treated 
as the reference cohort (n=13 039; 60.5%).

Data Collection
IQVIA (Parsippany, NJ) served as the data and co-
ordination center for the nationwide data collection. 
Trained clinical personnel populated the registry data 
using standardized definitions for patient demographic 
characteristics, clinical comorbidities, inpatient labora-
tory data, treatments during admission, and in-hospital 
outcomes.

Trained data abstracters recorded demographic data 
such as age, sex, body mass index, and past medical 
history such as diabetes; chronic kidney disease, atrial 
fibrillation, hypertension, HF, previous coronary artery 
bypass graft, percutaneous coronary intervention, and 
myocardial infarction. Presenting labs including NT-
proBNP, creatinine, troponin, C-reactive protein, ferritin, 
d-dimer, and procalcitonin were collected when per-
formed as part of clinical care. Vitals signs on admission 
such as heart rate, respiratory rate, diastolic and systolic 
blood pressure, oxygen saturation, and need for supple-
mental oxygen were compiled.

CLINICAL PERSPECTIVE

What Is New?
•	 In our prospective nationwide cohort study, an 

elevated NT-proBNP (N-terminal pro-B-type 
natriuretic peptide) concentration on admission 
for COVID-19 was associated with an increased 
risk of in-hospital mortality, intubation, and in-
tensive care unit admission in patients with and 
without heart failure.

•	 After controlling for cardiovascular risk factors 
and presenting vital signs, risk for in-hospital 
mortality demonstrated an increasing relation-
ship with serum concentrations of NT-proBNP; 
and after adjusting for other biomarkers, NT-
proBNP concentrations independently pre-
dicted the risk of death from COVID-19.

What Are the Clinical Implications?
•	 Measurement of NT-proBNP at admission in 

patients hospitalized with COVID-19 infection 
may be useful as a tool to prognosticate clinical 
course and guide resource management.

•	 Further studies are needed in healthier patients 
with milder COVID-19 symptoms and in outpa-
tient settings to delineate the overall predictive 
power of natriuretic peptides in COVID-19.

•	 Future efforts examining the trend of NT-proBNP 
during hospitalization may be helpful in tracking 
disease course and response to treatment.

Nonstandard Abbreviations and Acronyms

AHA	 American Heart Association
MACEs	 major adverse cardiac events

https://precision.heart.org/


J Am Heart Assoc. 2021;10:e022913. DOI: 10.1161/JAHA.121.022913� 3

O’Donnell et al� Worse Outcomes in COVID-19 with Elevated NT-proBNP

Outcomes
The primary outcome for this analysis was in-hospital 
mortality. Secondary outcomes included major ad-
verse cardiovascular events (MACEs), which was de-
fined as death, acute myocardial infarction, stroke, 
shock, new-onset acute HF, or myocarditis; and indi-
vidual rates of intubation, intensive care unit (ICU) ad-
mission, shock, cardiac arrest, new-onset acute HF, 
and time from admission until death were examined.

Statistical Analysis
Data analysis was performed on the AHA Precision 
Medicine Platform (https://preci​sion.heart.org/) using R 
version 3.4.1 (R Foundation for Statistical Computing, 
Vienna, Austria) for reproducibility and public access. 
All patients with an NT-proBNP value measured within 
the first 2 days of hospitalization were categorized into 
those with normal versus elevated NT-proBNP using 
established age-specific heart failure cutoffs (<50 years 
old, 450  pg/mL; 50–75  years old, 900  pg/mL; 
>75 years old, 1800 pg/mL).17 Additionally, NT-proBNP 
levels were analyzed categorically by quintile (n=935 
per quintile) and continuously as a log-transformed 
variable. Independent t- or Mann-Whitney U tests were 
performed as applicable for continuous variables and 
χ2 tests were used to compare categorical variables, 
respectively, between the age-adjusted groups and 
quintiles. Kruskal-Wallis rank-sum and pairwise com-
parisons of Wilcoxon rank-sum tests were used to 
determine differences in factors between the various 
groups of NT-proBNP elevation as well as those pa-
tients without NT-proBNP or BNP values. Continuous 
data were expressed as median (25th, 75th percen-
tiles) values while categorical data were expressed as 
proportions. Variables found by univariable logistic re-
gression to be associated with outcome were included 
in multivariable logistic regression models: male sex, 
age, body mass index, serum creatinine, and previous 
diagnoses of atrial fibrillation, HF, diabetes, and hyper-
tension, as well as admission vital signs (heart rate, 
diastolic and systolic blood pressure, respiratory rate, 
and need for supplemental oxygen). A comprehensive 
multivariable regression model was constructed to in-
clude the above variables with other biomarkers, for 
which log transformations were performed for heart 
rate, diastolic blood pressure, systolic blood pressure, 
respiratory rate, troponin, d-dimer, C-reactive protein, 
procalcitonin, and NT-proBNP to normalize the varying 
scales of continuous variables. The log-transformed 
adjusted odds ratios (OR) for NT-proBNP are relative 
to 2-fold increases in the continuous NT-proBNP value 
to provide clinical context. Receiver operating charac-
teristic curves with area under the curve, specificity, 
and sensitivity were used to evaluate the performance 
of the regression models. To explore the nonlinear 

relationship between NT-proBNP concentrations and 
the probability of death, we used restricted cubic spline 
modeling with logarithmic smoothing in the rms pack-
age in R with NT-proBNP values >12 000 pg/mL trun-
cated because of sparsity and instability in the data 
beyond that level. To illustrate the distribution of data in 
the cubic spline, a rug plot was overlaid on the x axis, 
which was restricted to 3000  pg/mL of NT-proBNP 
to display the highest density of data and increase in 
probability of death. For all analyses, P<0.05 was con-
sidered significant.

RESULTS
Patient Characteristics and Presenting 
Biomarker Levels
A total of 4675 patients (21.7%) hospitalized for 
COVID-19 with an NT-proBNP value measured on ad-
mission were included in our main analyses. The char-
acteristics of admissions with an NT-proBNP value 
included in this analysis are compared with those 
without either a BNP or NT-proBNP value (n=13 039; 
60.5%) in Table S1. Among patients with an admission 
NT-proBNP, the median concentration was 299 pg/mL 
(25th, 75th percentiles: 75 and 1608) and, using age-
specific cut points, NT-proBNP was elevated in 29% 
(n=1344). Patients with an elevated NT-proBNP were 
older, had lower body mass index, and were more 
likely to have a history of diabetes, chronic kidney dis-
ease, or an underlying cardiac history including hyper-
tension or HF (Table 1). Compared with patients with 
NT-proBNP below the age-specific cutoffs, patients 
with elevated NT-proBNP had higher serum creati-
nine levels, increased cardiac troponin values, greater 
concentrations of inflammatory biomarkers such as 
C-reactive protein, d-Dimer, and procalcitonin (all 
P<0.001; Table 1). Patients with elevated NT-proBNP 
had mildly lower heart rates and blood pressures, 
and more required oxygen on presentation than pa-
tients presenting with normal serum concentrations (all 
P<0.01; Table 1).

Elevated NT-proBNP Associated With 
Worse Outcomes
The incidence of the primary outcome of in-hospital 
mortality was significantly higher in patients with ele-
vated NT-proBNP (37% versus 16%; P<0.001; Table 2). 
Overall, the median time to death was shorter in the 
elevated NT-proBNP cohort (7 versus 9 days; P<0.001; 
Table 2). Secondary outcomes, including the rates of 
MACEs, need for intubation, ICU admission, reported 
episodes of shock, cardiac arrest, and new-onset 
acute HF, were each higher in patients with elevated 
as compared with normal NT-proBNP (all P<0.001; 
Table 2).

https://precision.heart.org/
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Additionally, analysis by quintiles of NT-proBNP 
concentration revealed a significant increasing gradi-
ent in the risk of in-hospital death from comparatively 
low risk (7%) in quintile 1 (NT-proBNP <55 pg/mL) up 
to 40% in quintile 5 (>2385 pg/mL; Table 3). Analysis 
of MACEs, intubation, shock, and ICU admissions also 
revealed a progressive gradient with rising quintiles of 

NT-proBNP (Table 3). The continuous relationship be-
tween admission NT-proBNP level and the probability 
of in-hospital mortality is illustrated in Figure 1.

In a subgroup analysis of patients without a history 
of HF, elevated NT-proBNP levels were significantly 
associated with a higher rate of in-hospital mortal-
ity (38% versus 16%; P<0.001; Table S2, Figure 2A). 
Those with a history of HF but normal NT-proBNP had 
similar rates of mortality as those without HF and a 
normal NT-proBNP (Figure 2A). Additionally, the rate of 
in-hospital mortality progressively increased in patients 
without a HF history as the quintile of NT-proBNP in-
creased (Figure 2B). Rates of MACEs, intubation, ICU 
admission, shock, and cardiac arrest were higher in 
the patients without a history of HF but with an ele-
vated admission NT-proBNP (all P<0.001; Table S2).

Multivariable Analysis of In-Hospital 
Mortality
Compared with patients with an NT-proBNP below the 
age-specific cutoff, patients with an elevated NT-pro-
BNP level on admission had a nearly 3-fold higher un-
adjusted odds of death during the hospitalization (odds 
ratio, 2.98; 95% CI, 2.58–3.45; P<0.001; Table  S3). 

Table 1.  Patient Characteristics According to Admission NT-proBNP

Demographics, n or   
median (Q1 − Q3)

Normal  
NT-proBNP (n=3331)

Elevated   
NT-proBNP (n=1344) P value

Male 1828 (54.9) 735 (54.7) 0.931

Age, y 63.0 (52.0–75.0) 72.0 (61.0–83.0) <0.001

BMI, kg/m2 30.4 (25.9–35.7) 27.6 (23.7–32.9) <0.001

CKD 293 (8.8) 463 (34.5) <0.001

Diabetes 1224 (36.7) 651 (48.4) <0.001

Heart failure 301 (9.0) 545 (40.6) <0.001

Hypertension 2011 (60.4) 1087 (80.9) <0.001

CABG/PCI/MI 289 (8.7) 103 (7.7) 0.053

Presenting labs

NT-proBNP, pg/mL 139 (50–366) 4130 (2124–12 029) <0.001

Creatinine, mg/dL 0.99 (0.76–1.30) 1.60 (1.08–2.87) <0.001

Troponin, ng/L 10.0 (0.0–30.0) 50.0 (20.0–110.0) <0.001

CRP, mg/L 70.0 (20.9–130.0) 79.5 (22.3–159.0) 0.011

Ferritin, ng/mL 567 (259–881) 649 (307–1366) <0.001

d-Dimer, ng/mL 800 (400–1560) 1428 (600–3094) <0.001

Procalcitonin, ng/mL 0.14 (0.07–0.32) 0.38 (0.14–1.50) <0.001

Vitals on admission

Heart rate, bpm 93 (80–106) 90 (76–105) <0.001

Systolic blood pressure, mm Hg 132 (117–147) 129 (111–148) 0.003

Diastolic blood pressure, mm Hg 76 (67–85) 72 (62–84) <0.001

Respiratory rate 20 (18–24) 20 (18–25) 0.014

SpO2% 95 (92–97) 95 (91–98) 0.143

Required supplemental oxygen 916/2545 (36.0) 562/1128 (49.8) <0.001

BMI indicates body mass index; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CRP, C-reactive protein; MI, myocardial infarction; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; PCI, percutaneous coronary intervention; and SpO2%, oxygen saturation.

Table 2.  Outcomes Stratified by Admission NT-proBNP

Outcomes  
n (%) or  
median (Q1 − Q3)

Normal  
NT-proBNP  
(n=3331)

Elevated  
NT-proBNP  
(n=1344) P value

In-hospital mortality 543 (16.3) 494 (36.8) <0.001

MACEs 658 (19.8) 603 (44.9) <0.001

Intubation 689 (20.7) 423 (31.5) <0.001

ICU admission 1094 (32.8) 632 (47.0) <0.001

Shock 337 (10.1) 271 (20.2) <0.001

Cardiac arrest 178 (5.3) 158 (11.8) <0.001

New acute heart failure 72 (2.2) 80 (6.0) <0.001

Time to death, d 9.0 (5.0–11.8) 7.0 (3.0–13.0) <0.001

ICU indicates intensive care unit; MACEs, major adverse cardiac events 
as defined as death, acute myocardial infarction, stroke, shock, new 
onset heart failure, or myocarditis; and NT-proBNP, N-terminal pro-B-type 
natriuretic peptide.
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After adjusting for potential confounding factors, an 
elevated NT-proBNP remained associated with higher 
odds of death (adjusted OR, 2.23; 95% CI, 1.80–2.76; 
P<0.001; Figure  3). The increasing gradient of mor-
tality risk across quintiles of NT-proBNP concentra-
tion also remained significant beginning with quintile 

2 when controlled for clinical characteristics and vitals 
(Figure 3). Moreover, after further adjusting for the con-
tinuous NT-proBNP value with presenting vitals and 
other biomarkers by log transformation, every 2-fold 
increase in the NT-proBNP concentration was associ-
ated with an increase in the relative odds of death by 
21% (adjusted OR, 1.21; 95% CI, 1.08–1.34; P<0.001; 
Figure 3). The receiver operating characteristic curves 
for the regression models performed better with NT-
proBNP included, where, for example, the area under 
the curve for the model with log-transformed values 
for NT-proBNP, vitals, and biomarkers improved to an 
area under the curve of 0.804 (95% CI, 0.764–0.844) 
with a sensitivity of 70.77% and specificity of 78.31% 
for predicting in-hospital mortality (Figure S1).

DISCUSSION
In this large national cohort study, elevated NT-proBNP 
was associated with a steep rising gradient of in-
hospital mortality, as well as higher rates of MACEs, 
intubations, and ICU admission. After controlling for 
other known risk factors, we found that elevated NT-
proBNP was associated with 2-fold higher odds of 
in-hospital mortality. Findings were similar in patients 
with and without prior HF. These results suggest that 
NT-proBNP may be useful to predict the risk of mortal-
ity and MACEs in hospitalized patients with COVID-19.

The prognostic value of NT-proBNP in COVID-19 
was first queried by Gao et al,14 who showed that lev-
els above 88 pg/mL were associated with increased 
mortality, but the reported threshold value falls within 
the normal range for the test, which made the applica-
tion of this finding difficult. A prospective study of 135 
patients in Norway by Omland et al18 similarly showed 
higher rates of mortality and ICU admission with in-
creased NT-proBNP values; however, this relationship 
was no longer significant after multivariable adjustment 
for clinical characteristics. More recently, Caro-Codón 

Table 3.  Outcomes Stratified by Quintiles of NT-proBNP

Outcomes  
n (%) or  
median (Q1 − Q3)

Quintile 1  
NT-proBNP  
(10–55 pg/mL)  
(n=935)

Quintile 2  
NT-proBNP  
(55–175 pg/mL)  
(n=935)

Quintile 3  
NT-proBNP  
(175–545 pg/mL)  
(n=935)

Quintile 4  
NT-proBNP  
(545–2385 pg/mL)  
(n=935)

Quintile 5  
NT-proBNP  
(>2385 pg/mL)  
(n=935)

In-hospital mortality 66 (7.1) 114 (12.2) 192 (20.5) 289 (30.9) 376 (40.2)

MACEs 83 (8.9) 155 (16.6) 224 (24.0) 339 (36.3) 460 (49.2)

Intubation 125 (13.4) 197 (21.1) 237 (25.3) 266 (28.4) 287 (30.7)

ICU admission 213 (22.9) 316 (33.8) 373 (39.9) 392 (41.9) 432 (46.2)

Shock 49 (5.2) 89 (9.5) 126 (13.5) 160 (17.1) 184 (19.7)

Cardiac arrest 32 (3.5) 55 (5.9)** 48 (5.1)* 83 (8.9) 118 (12.6)

New acute heart failure 1.4% (13) 2.4% (22)* 2.5% (23)* 3.5% (33)** 6.5% (61)

Time to death, d 12.0 (6.0–20.8) 9.0 (4.0–14.3)* 10.0 (6.0–17.0)* 8.0 (4.0–15.0)** 6.0 (3.0–13.7)

ICU indicates intensive care unit; MACEs, major adverse cardiac events as defined as death, acute myocardial infarction, stroke, shock, new onset heart 
failure, or myocarditis; and NT-proBNP, N-terminal pro-B-type natriuretic peptide. Quintiles formed from whole NT-proBNP cohort (n=4675). All comparisons to 
the referent quintile 1 were highly significant (P<0.001) with the exception of those marked as *P=NS, **P<0.05.

Figure 1.  Probability of death by continuous baseline NT-
proBNP. Restricted cubic spline modeling for the probability 
of in-hospital mortality across varying levels of NT-proBNP 
admission value.
The solid black line indicating probability and the shaded 
area representing 95% CI. The vertical lines indicate the 
interquartile (IQR: 25th=74.55  pg/mL, 50th=299.0  pg/mL, and 
75th=1608.0  pg/mL) of NT-proBNP values. The C-statistic for 
the model was 0.704, knots located at 200, 600 and 1000 pg/
mL with logarithmic smoothing of the curve. A rug plot on the x 
axis displays the density of the data. The presentation of the x 
axis was restricted to NT-proBNP values <3000 pg/mL to display 
the highest density of data and increased in probability of death. 
NT-proBNP indicates N-terminal pro-B-type natriuretic peptide.
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et al15 also showed greater all-cause mortality with el-
evated NT-proBNP in patients with and without HF in 
Spain (n=396). However, these single-center studies 
(n=54–396) with seemingly inconsistent results have 
left unanswered questions regarding the relation-
ship of NT-proBNP with other important outcomes in 

COVID-19 and the spectrum of risk across clinically rel-
evant cutoffs. In addition, these studies may have had 
limited generalizability to the diverse patient population 
in the United States.

The size and diversity of the AHA COVID-19 Registry 
nationwide cohort contributes to the strengths of our 
study in characterizing the association between NT-
proBNP elevations and poor outcomes in COVID-19. 
After controlling for presenting vital signs and clinical 
characteristics, NT-proBNP elevations independently 
predicted a >2-fold higher odds of death, which rose 
to almost a 7-fold higher rate of mortality in quintile 5 
(NT-proBNP >2385  pg/mL). Further adjustments for 
inflammatory and cardiac biomarkers, NT-proBNP 
independently predicted a 21% higher odds of death 
for each 2-fold increase in the natriuretic peptide. 

Figure 2.  In-hospital mortality stratified by HF diagnosis 
and NT-proBNP elevation.
A, The percentage of patients with in-hospital mortality stratified 
by previous HF diagnosis (no HF: n=3829) and known HF 
(n=846), which was analyzed by Kruskal-Wallis χ2 test for normal 
vs elevated NT-proBNP (no HF: normal NT-proBNP, n=3030; 
elevated NT-proBNP, n=799; HF: normal NT-proBNP, n=301; 
elevated NT-proBNP, n=545). B, The percentage of patients with 
in-hospital mortality stratified by previous HF diagnosis (no HF: 
n=3829) and known heart failure (n=846), analyzed by χ2 test for 
the overall difference between quintiles (no HF: each quintile, 
n=766; HF: each quintile, n=169). ***P<0.001. HF indicates 
heart failure; and NT-proBNP, N-terminal pro-B-type natriuretic 
peptide.

Figure 3.  Adjusted relative odds of in-hospital death by 
category of admission NT-proBNP.
Multivariable logistical regressions all included adjustments for 
age, body mass index, sex, creatinine (mg/dL) and history of 
atrial fibrillation, chronic kidney disease, diabetes, hypertension, 
and previous heart failure diagnosis, in addition to presenting 
vital signs (heart rate, systolic and diastolic blood pressure, 
respiratory rate and need for supplemental oxygen). Elevated 
NT-proBNP is compared with normal NT-proBNP and NT-
proBNP quintiles are compared to quintile 1 (Q1) as the referent 
(n=3222). The same variables were included in models adjusting 
for log transformations of the continuous NT-proBNP (pg/mL) 
values, presenting vitals (heart rate, systolic and diastolic blood 
pressure, and respiratory rate) (n=3222), and other COVID-19 
biomarkers (n=950) such as d-dimer (ng/mL), C-reactive protein 
(mg/L), procalcitonin (ng/mL), and troponin (ng/L) so the NT-
proBNP adjusted odds ratios can be interpreted per a 2-fold 
increase in the NT-proBNP concentration (pg/mL). The model 
area under the curve using elevated NT-proBNP is 0.764 (95% 
CI, 0.745–0.784); NT-proBNP quintiles, 0.774 (95% CI, 0.755–
0.793); log (NT-proBNP), 0.776 (95% CI, 0.758–0.795); and log 
(NT-proBNP) with biomarkers, 0.804 (95% CI, 0.764–0.844). NT-
proBNP indicates N-terminal pro-B-type natriuretic peptide; and 
OR, odds ratio.
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When considered together with the association with 
increased rates of intubation and ICU admissions, our 
findings suggest that NT-proBNP could be used as a 
tool to guide allocation of ICU beds.

Extending on prior COVID-19 studies showing 
worse clinical outcomes in those with HF, regardless of 
ejection fraction, we demonstrate that mortality rates 
correlate between patients with and without HF on the 
basis of their admission NT-proBNP level, and only 
a small proportion were diagnosed with new-onset 
HF.19,20 Recent, small, single-center studies by Selçuk 
et al21 and Yoo et al22 have demonstrated increased 
risk of mortality from COVID-19 with even “borderline 
elevations” of NT-proBNP in patients without heart fail-
ure. These findings argue against the heightened risk 
associated with natriuretic peptides being driven solely 
by exacerbation of preexisting HF or presentations with 
new-onset HF from COVID-19 infection and suggests 
possible other mechanisms.19,20,23 Echocardiographic 
analyses of cardiac function in patients with COVID-19 
by Bhatia et al24 and Gibson et al,25 both showed 
worse overall longitudinal strain patterns suggesting 
new subclinical dysfunction related to COVID-19, but 
no clear mechanism was elucidated, and further stud-
ies are needed.

The possibility that alternative drivers to NT-
proBNP elevations exist is a novel concept. Fish-
Trotter et al26 were the first to show that inflammatory 
cytokines such as interleukin-6 can drive increases in 
NT-proBNP outside of COVID-19. Qin et al27 demon-
strated that dynamic changes in cardiac biomarkers 
such as NT-proBNP coincided with inflammatory 
marker elevations in COVID-19. Additionally, it has 
been previously shown that patients admitted for 
septic shock have elevations in serum natriuretic 
peptide concentrations similar to patients admitted 
with cardiogenic shock despite having significantly 
lower precapillary wedge pressures and higher car-
diac outputs.28 Whether elevated natriuretic peptide 
levels in septic shock are driven by acute changes 
in cardiac loading conditions or represent a bio-
chemical response to sepsis is unknown. Together, 
these observations suggest a possible intriguing 
multifactorial mechanism for NT-proBNP elevations 
with concomitant cardiac dysfunction in the extreme 
inflammatory state of COVID-19. Further study is 
warranted before conclusions can be drawn and is 
outside the scope of the current study. However, fu-
ture research that examines the relationship between 
inflammatory markers, natriuretic peptides, and car-
diopulmonary function could provide additional in-
sight into the pathophysiology of the cardiovascular 
complications of COVID-19.

As with any observational study, our study is limited 
by the scope and depth of data collected. A source of 
bias in our study is that a majority of the patients in the 

COVID-19 CVD Registry did not routinely have an NT-
proBNP level drawn on admission, which selected for 
an older, sicker presenting population with more co-
morbidities as demonstrated in Table S1. Additionally, 
differences in clinical practice were evident as some 
facilities measured NT-proBNP in >80% of admis-
sions for COVID-19, while other facilities measured NT-
proBNP in 1% of cases contributed to the COVID-19 
CVD Registry. Each of the 76 participating sites con-
tributed an average of 1.4% (95% CI, 0.2–1.8%) of the 
total NT-proBNP cases in the database and no one 
facility significantly weighted the results. The large, na-
tional scale of the database should theoretically reduce 
other sampling biases.

Given the strength of the signal in this large nation-
wide data set, we believe our study demonstrates the 
utility and prognostic value of elevated NT-proBNP 
levels in predicting mortality in patients hospitalized 
with severe COVID-19. However, further prospective 
studies defining the prognostic value of NT-proBNP in 
COVID-19 are needed. Studies routinely measuring NT-
proBNP in patients with mild disease and fewer comor-
bidities would help to fully define the predictive power 
of NT-proBNP in COVID-19 as well as offer mechanis-
tic insights behind the drivers of elevation. Additionally, 
longitudinal analyses of the trend of NT-proBNP con-
centration during hospitalization could provide inter-
esting predictive value for the response to treatment, 
resolution of symptoms, or worsening cardiopulmo-
nary strain predicting death. Finally, considering the 
increasing recognition of prolonged COVID-19 symp-
toms, identifying NT-proBNP elevation as a feature of 
severe disease suggests a possible role for longitudinal 
screening for HF symptoms following COVID-19 and 
treating with guideline-directed medications.

CONCLUSIONS
Elevations in NT-proBNP on admission to the hospital 
for COVID-19 predict worse clinical outcomes, includ-
ing increased risk of death and major cardiovascular 
complications, and may serve as a biomarker to help 
guide clinical decision making and resource allocation.
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Table S1. Characteristics of Patients with an NT-proBNP and those Without an NT-proBNP 

or BNP value on Admission.  

 

Demographics 

% (𝑛) or 

Median(𝑄1 − 𝑄3) 

Patients 

Without  

NT-proBNP  

or BNP 

(𝑛 = 13,039) 

Patients with  

NT-proBNP 

(𝑛 = 4,675) 

 

 

 

p-value 

 

Male 53.2% (6,941) 54.8% (2563) 0.064 

Age (years) 60.0 (45.0 – 73.0) 66.0 (54.0 – 77.0) <0.001 

BMI (kg/m2) 29.1 (24.5 – 34.5) 29.5 (25.2 – 35.1) 0.012 

CKD 10.8% (1,412) 16.2% (756) <0.001 

Diabetes 32.3% (4,215) 40.1% (1875) <0.001 

Heart failure 7.3% (947) 18.1% (846) <0.001 

HTN 53.7% (7,008) 66.3% (3098) <0.001 

CABG/PCI/MI 8.0% (1,049) 12.8% (600) <0.001 

Presenting Labs    

NT-proBNP (pg/mL) N/A 299 (74.6 – 1608.0) N/A 

Creatinine (mg/dL) 0.99 (0.77 – 1.37) 1.1 (0.80 – 1.60) <0.001 

Troponin (ng/L) 10.0 (0.0 – 30.0) 20.0 (10.0 – 60.0) <0.001 

CRP (mg/L) 51.7 (12.7 – 77.3) 72.1 (21.0 – 135.5) <0.001 

Ferritin (ng/ml) 547 (239 – 1121) 586 (270 – 1169) 0.011 

D-Dimer (ng/ml) 790 (395 – 1,504) 1992 (420 – 1930) <0.001 

Procalcitonin (ng/ml) 0.14 (0.07 – 0.36) 0.17 (0.08 – 0.52) <0.001 

 

BMI: body mass index (kg/m2), CKD: chronic kidney disease, HTN: hypertension, CABG: coronary artery 

bypass graft, PCI: percutaneous intervention such as coronary stenting, MI: myocardial infarction, CRP: C-

reactive protein.  

 

 

 

 

 



Table S2. Outcomes for Patients without Heart Failure Stratified by NT-proBNP. 

 

Patients Without 

Heart Failure 
% (𝑛) or  

Median  (𝑄1 − 𝑄3) 

Normal 

NT-pro-BNP 

(𝑛 = 3,030) 

 

Elevated 

NT-pro-BNP 

(𝑛 = 799) 

 

p-value 

 

In-Hospital 

Mortality 16.1% (488) 38.0% (304) <0.001 

MACE 19.7% (598) 47.2% (377) <0.001 

Intubation 21.1% (640) 36.4% (291) <0.001 

ICU Admission 33.1% (1002) 51.6% (412) <0.001 

Shock 10.1% (307) 22.2% (177) <0.001 

Cardiac Arrest 5.5% (166) 11.9% (95) <0.001 

Time to Death 

(days) 
9.0 (5.0 – 16.0) 8.0 (3.0 – 16.0) 0.021 

 

MACE: Major adverse cardiac events as defined as death, acute myocardial infarction, stroke, shock, new 

onset heart failure, or myocarditis, ICU: intensive care unit.  

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Univariable Logistical Regression Model for Patient Characteristics Predicting 

In-Hospital Mortality. 

In-Hospital Mortality Univariable Logistical Regression 

 OR p-value 95% CI 

Male 1.24 0.003 1.08 – 1.43 

Age (per 10 years) 1.51 <0.001 1.43 – 1.58 

BMI (kg/m2) 0.98 <0.001 0.97 – 0.99 

Diabetes 1.23 0.004 1.07 – 1.41 

Heart Failure 1.56 <0.001 1.32 – 1.85 

Hypertension 1.55 <0.001 1.33 – 1.81 

Creatinine (mg/dL) 1.12 <0.001 1.09 – 1.15 

Elevated NT-pro-BNP 2.98 <0.001 2.58 – 3.45 

Heart Rate (bpm) 1.01 <0.001 1.00 – 1.01 

Systolic Blood Pressure (mmHg) 0.99 <0.001 0.99 – 1.00 

Diastolic Blood Pressure (mmHg) 0.98 <0.001 0.98 – 0.99 

Respiration Rate (per minute) 1.04  <0.001 1.03 – 1.05 

Need for Supplemental Oxygen  2.30 <0.001 1.96 – 2.71 

 

BMI: body mass index, CKD: chronic kidney disease, Heart Failure: previous diagnosis of heart failure, bpm: 

beats per minute, mmHg: millimeters of mercury. Univariable logistical regression model for individual factors 

influencing the odds ratio (OR) for in-hospital mortality, comparing Elevated to Normal NT-proBNP values, 

with 95% confidence interval (CI). 

  



Figure S1. Receiver Operator Characteristic Curves for Regression Models. 

 

 
 

Receiver operator characteristic curves with the area under the curve (AUC) for multivariable logistical 

regression models with adjustments for age, BMI, sex, creatinine (mg/dL) and history of atrial fibrillation, 

chronic kidney disease, diabetes, hypertension, and previous heart failure diagnosis, in addition to presenting 

vital signs (heart rate, systolic and diastolic blood pressure, respiratory rate and need for supplemental 

oxygen). A. The model with elevated age-adjusted NT-proBNP levels: AUC of 0.764 (95% CI: 0.744 – 0.783) 

with a sensitivity of 65.80% and specificity of 75.51% (AUC without NT-proBNP: 0.749). B. The model with 

NT-proBNP in quintiles: AUC of 0.774 (95% CI: 0.755 – 0.793) with a sensitivity of 72.90% and specificity 

of 69.83% (AUC without NT-proBNP: 0.749). C. The model with log NT-proBNP: AUC of 0.776 (95% CI: 

0.758 – 0.795) with a sensitivity of 73.33% and specificity of 69.43% (AUC without NT-proBNP: 0.749). D. 

The comprehensive model with log NT-proBNP and other biomarkers D-dimer (ng/ml), CRP (mg/L), 

procalcitonin (ng/ml), and troponin (ng/L): AUC of 0.804 (95% CI: 0.764 – 0.844) with a sensitivity of 

70.77% and specificity of 78.31% (AUC without NT-proBNP: 0.789).  

 




