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ABSTRACT
Objective: Pneumonia is a leading cause of mortality worldwide, especially in the 
elderly. The use of clinical risk scores to determine prognosis is complex and therefore 
leads to errors in clinical practice. Pneumonia can cause increases in the levels of cardiac 
biomarkers such as N-terminal pro-brain natriuretic peptide (NT-proBNP). The prognostic 
role of the NT-proBNP level in community acquired pneumonia (CAP) remains unclear. 
The aim of this study was to evaluate the prognostic role of the NT-proBNP level in patients 
with CAP, as well as its correlation with clinical risk scores. Methods: Consecutive 
inpatients with CAP were enrolled in the study. At hospital admission, venous blood 
samples were collected for the evaluation of NT-proBNP levels. The Pneumonia Severity 
Index (PSI) and the Confusion, Urea, Respiratory rate, Blood pressure, and age ≥ 65 
years (CURB-65) score were calculated. The primary outcome of interest was all-cause 
mortality within the first 30 days after hospital admission, and a secondary outcome 
was ICU admission. Results: The NT-proBNP level was one of the best predictors of 
30-day mortality, with an area under the curve (AUC) of 0.735 (95% CI: 0.642-0.828; p 
< 0.001), as was the PSI, which had an AUC of 0.739 (95% CI: 0.634-0.843; p < 0.001), 
whereas the CURB-65 had an AUC of only 0.659 (95% CI: 0.556-0.763; p = 0.006). 
The NT-proBNP cut-off level found to be the best predictor of ICU admission and 30-
day mortality was 1,434.5 pg/mL. Conclusions: The NT-proBNP level appears to be a 
good predictor of ICU admission and 30-day mortality among inpatients with CAP, with 
a predictive value for mortality comparable to that of the PSI and better than that of the 
CURB-65 score.

Keywords: Pneumonia/diagnosis; Pneumonia/mortality; Natriuretic peptide, brain; 
Community-acquired infections.
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INTRODUCTION

Despite recent developments in clinical care and 
antimicrobial treatment, pneumonia continues to be a 
leading cause of mortality worldwide, especially in the 
elderly. In cases of community-acquired pneumonia 
(CAP), the Pneumonia Severity Index (PSI) and the 
Confusion, Urea, Respiratory rate, Blood pressure, and 
age ≥ 65 years (CURB-65) score are used in order to 
predict the severity and determine the prognosis.(1,2) 
However, calculating risk scores, especially the PSI, is 
complex and is dependent on subjective impressions, 
which can lead to errors in clinical practice.(3) Brain 
natriuretic peptide (BNP) is a potent natriuretic and 
diuretic hormone that is released from the heart into the 
systemic circulation and is enzymatically cleaved into 
active and inactive forms—BNP and N-terminal pro-brain 
natriuretic peptide (NT-proBNP), respectively. The optimal 
timing of NT-proBNP assessment for risk stratification is 
unclear. Weber et al.(4) showed that, to determine the 
peak elevation of NT-proBNP, it is necessary to perform 
sequential testing, the second sample being collected 
24-36 h after the onset of symptoms of acute coronary 
syndrome. However, it remains an open issue whether 

the peak values of NT-proBNP are of superior predictive 
value. The levels of BNP and NT-proBNP are elevated in 
cases of increased myocardial strain. In patients with 
cardiac failure, the NT-proBNP level can be measured 
rapidly with a simple method. Pneumonia can also cause 
an increase in the levels of cardiac biomarkers.(5,6)

As compared with BNP, NT-proBNP has a number of 
advantages, including a longer half-life and higher in vitro 
stability.(7) Although previous studies have suggested that 
BNP and NT-proBNP levels are useful for risk stratification 
and for determining the prognosis in patients with 
CAP,(8,9) the prognostic role of the NT-proBNP level in CAP 
remains unclear. The aim of this study was to evaluate 
the prognostic role of the NT-proBNP level in patients 
with CAP by investigating its association with 30-day 
mortality, ICU admission, length of hospital stay, and 
clinical risk scores (PSI and CURB-65 score).

METHODS

This was a prospective study in which consecutive 
patients who were hospitalized for CAP between March 
2014 and October 2018 were enrolled. The study protocol 
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was approved by the local research ethics committee, 
and all participating patients gave written informed 
consent. 

The inclusion criteria were as follows: being ≥ 18 
years of age; having a fever (≥ 37.3°C); presenting 
with cough of recent onset, sputum production, or 
other symptoms of respiratory infection, including 
purulent sputum, with or without chest pain; having 
a leukocyte count > 10 × 109/L or < 4 × 109/L; and 
showing patchy infiltrative shadows or interstitial 
changes, with or without effusion, on chest X-rays. 
Patients with active tuberculosis, lung cancer, pulmonary 
fibrosis, pulmonary embolisms, pulmonary hypertension, 
or nosocomial pneumonia were excluded, as were 
those with congestive heart failure, cirrhosis, acute 
coronary syndrome, end-stage renal disease, or acute 
kidney injury.

The levels of NT-pro-BNP were assessed with the 
Elecsys-ProBNP assay (Roche Diagnostics, Penzberg, 
Germany). The assay uses two polyclonal antibodies, 
one of which is labeled with ruthenium complex 
and measures the inactive cleavage product of BNP 
(i.e., NT-pro-BNP). It also includes an automated 
electrochemiluminescence immunoassay. The Elecsys 
immunoassay analyzer (Roche Diagnostics) provides 
the initial results in 18 min. Two cut-off points are used, 
one at 125 pg/mL, for patients < 75 years of age, 
and the other at 450 pg/mL, for patients ≥ 75 years 
of age.(10) High-sensitivity C-reactive protein levels 
were measured by automatic calorimetric assay in a 
COBAS INTEGRA 400 plus analyzer (Roche Diagnostics, 
Mannheim, Germany), with a cut-off level of 5 µg/L.

The medical histories and demographic characteristics 
of the patients were recorded. At admission, vital 
signs, complete blood counts, serum glucose levels, 
liver function, kidney function, and arterial blood 
gases were assessed. A chest X-ray was also obtained. 
The PSI and CURB-65 scores of the patients were 
calculated in accordance with the American Thoracic 
Society guidelines.(1) The need for ICU admission was 
determined on the basis of the criteria established by 
the Infectious Diseases Society of America and the 
American Thoracic Society guidelines for CAP.(11) Acute 
physiology and chronic health evaluation II (APACHE 
II) scores were calculated for patients admitted to 
the ICU.(12)

To exclude cardiac causes of myocardial strain, 
such as congestive heart failure, we performed 
electrocardiography and transthoracic echocardiography 
at admission. Echocardiographic measurements were 
performed on a ViVid 7 Pro system (GE Vingmed, Horten, 
Norway) with a 1.7 MHz transducer that was capable 
of harmonic imaging. Conventional echocardiography 
and tissue Doppler imaging were performed by two 
cardiologists who were blinded to the clinical status 
of the subjects. Pulmonary hypertension was defined 
as a systolic pulmonary arterial pressure > 35 mmHg, 
and left ventricular systolic dysfunction was defined 
as an ejection fraction < 50%.(13,14)

The primary outcome of interest was all-cause 
mortality within the first 30 days after hospital 
admission. Secondary outcomes were ICU admission 
and the length of the hospital stay.

Statistical analysis
The statistical analysis was performed with the 

SPSS Statistics software package, version 23.0 (IBM 
Corporation, Armonk, NY, USA). To identify the risk 
factors for ICU admission and 30-day mortality, we 
performed univariate and multivariate logistic regression 
analyses. In the multivariate logistic regression models, 
backward logistic regression was used and the criterion 
for inclusion of the candidate variables in the model 
was a p < 0.25. Multivariate linear regression models 
were used for continuous response variables such as 
length of hospital stay. The prognostic performance of 
parameters such as the CURB-65, the PSI, and SpO2 
was compared by using ROC curve analysis. The results 
are summarized as the area under the curve (AUC), 
with 95% confidence intervals and standard errors. In 
addition, the optimal cut-off points were calculated by 
using the Youden index. For group comparisons, normal 
distribution was assessed with the Shapiro-Wilk test, 
continuous variables were assessed with Student’s t-tests 
or Mann-Whitney U tests, and categorical variables were 
assessed with chi-square tests or Fisher’s exact tests. 
The relationships between variables such as the CURB-65 
score, PSI, APACHE II score, and NT-proBNP level were 
examined with Spearman’s correlation coefficients. Values 
of p < 0.05 were considered statistically significant. 

RESULTS

Initially, 179 patients were considered for inclusion 
in the study. On the basis of the study criteria, 24 of 
those patients were excluded for presenting with one 
of the following comorbidities: active tuberculosis 
(n = 1); lung cancer (n = 3); pulmonary fibrosis 
(n = 2); pulmonary embolism (n = 2); pulmonary 
hypertension (n = 1); nosocomial pneumonia (n = 2); 
congestive heart failure (n = 4); cirrhosis (n = 1); acute 
coronary syndrome (n = 3); end-stage renal disease 
(n = 3); and acute kidney injury (n = 2). Therefore, 
155 patients were enrolled in the study. Of those 155 
patients, 54 (34.8%) were female and 101 (65.2%) 
were male. The mean age of the patients was 72.70 
± 12.64 years. The gender distribution, smoking 
status, PSI, CURB-65 scores, mortality rates, and ICU 
admission rates are shown in Table 1.

The univariate analysis showed that the factors 
influencing ICU admission and 30-day mortality were 
the PSI (p < 0.001 for both), CURB-65 score (p < 
0.001 and p = 0.002, respectively), serum NT-proBNP 
level (p < 0.001 and p = 0.023, respectively), and 
leukocyte count (p = 0.034 and p = 0.024, respectively). 
Multivariate logistic regression analysis showed that 
the PSI and CURB-65 score were both predictive of 
30-day mortality. According to the univariate analysis, 
the factors that affected the length of hospital stay were 
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the CURB-65 score, serum NT-proBNP level, albumin 
level, leukocyte count, and SpO2 (p < 0.001, p < 
0.001, p = 0.020, and p = 0.024, respectively). Table 
2 shows the results of the univariate and multivariate 
logistic regression analyses of the potential predictors 
of 30-day mortality.

As can be seen in Figure 1, the mean NT-proBNP level 
was significantly higher among the patients who died 

within the first 30 days after hospital admission than 
among those who survived (4,594.41 ± 6,993.71 pg/
mL vs. 1,759.98 ± 3,589.21 pg/mL; p = 0.002). The 
mean NT-proBNP level was also significantly higher 
among the patients who were admitted to the ICU 
than among those who were not (5,209.50 ± 7,807.21 
pg/mL vs. 1,255.44 ± 1,562.32 pg/mL; p < 0.001). 

When we employed Spearman’s correlation coefficients 
to examine the simple correlations, we found a 
significant correlation between the NT-proBNP level 
and the PSI (r = 0.441; p < 0.001). The PSI also 
correlated significantly with the CURB-65 score (r = 
0.318; p < 0.001). The simple correlations among the 
NT-proBNP level, PSI, CURB-65 score, and APACHE II 
score are shown in Table 3.

A ROC curve showed that the PSI, NT-proBNP level, 
and CURB-65 score all had predictive value for 30-day 
mortality. The PSI and NT-proBNP level had similar 
predictive values for 30-day mortality, both of which 
were better than that of the CURB-65 score. The AUCs 
for the PSI, NT-proBNP level, and CURB-65 score, 
respectively, were as follows (Figure 2): 0.739 (95% 
CI: 0.634-0.843; p < 0.001); 0.735 (95% CI: 0.642-
0.828; p < 0.001); and 0.659 (95% CI: 0.556-0.763; 
p = 0.006). The best NT-proBNP cut-off level for the 
prediction of ICU admission and 30-day mortality was 
found to be 1,434.5 pg/mL, which had a sensitivity 
and specificity of 0.738 and 0.735, respectively, for 
ICU admission, compared with 0.710 and 0.685, 
respectively, for 30-day mortality. 

The ROC analysis was performed with the probabilities 
obtained from two different logistic models for the 
prediction of mortality: one including the PSI only 
and one including the PSI and the NT-proBNP level 
together. The addition of the NT-proBNP level to the 
PSI increased the predictive value for 30-day mortality. 
Figure 3 shows the ROC curves constructed from the 
predicted probabilities of the PSI as a single variable 
and of the PSI in combination with the NT-proBNP 
level—designated PSI + log(proBNP)—for the prediction 
of 30-day mortality. The AUC for the PSI was 0.772 
(95% CI: 0.682-0.861), with an SE of 0.046 (p < 
0.001), whereas the AUC for the PSI + log(proBNP) 

Table 1. Gender distribution, smoking status, clinical risk 
scores, ICU admission rates, and mortality rates among 
inpatients with community-acquired pneumonia (N = 155).

Variable n (%)
Gender

Female 54 (34.8)
Male 101 (65.9)

Smoking status
Never smoker 68 (43.9)
Current smoker 23 (14.8)
Former smoker 64 (41.3)

PSI
1 2 (1.3)
2 22 (14.2)
3 72 (46.5)
4 54 (34.8)
5 5 (3.2)

CURB-65 score
0 7 (4.5)
1 25 (16.1)
2 58 (37.4)
3 56 (36.1)
4 8 (5.2)
5 1 (0.6)

ICU admission
Yes 42 (27.1)
No 113 (72.9)

30-day mortality
Yes 31 (20.0)
No 124 (80.0)

PSI: Pneumonia Severity Index; and CURB-65: 
Confusion, Urea, Respiratory rate, Blood pressure, 
and age ≥ 65 years.

Table 2. Results of the univariate and multivariate logistic regression analyses of the potential predictors of 30-day 
mortality.

Variable β SE OR 95% CI p
Univariate analysis

PSI 1.317 0.335 3.733 1.93-7.19 < 0.001
CURB-65 score 0.804 0.253 2.234 1.35-3.67 0.002
CRP 0.219 0.228 1.245 0.79-1.94 0.336
Leukocyte count* 0.000 0.000 1.000 1.00-1.10 0.024
NT-proBNP level** 0.113 0.050 1.120 1.01-1.23 0.023

Multivariate analysis
PSI 1.145 0.351 3.143 1.58-6.25 0.001
CURB-65 score 0.550 0.267 1.733 1.02-2.92 0.040

PSI: Pneumonia Severity Index; CURB-65: mental Confusion, Urea, Respiratory rate, Blood pressure, and age ≥ 65 
years; CRP: C-reactive protein; and NT-proBNP: N-terminal pro-brain natriuretic peptide. *100 times the exact 
measure. **1,000 times the exact measure.
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variable was 0.812 (95% CI: 0.727-0.897), with an 
SE of 0.043 (p < 0.001).

DISCUSSION

The main finding of the present study was that the 
NT-proBNP level correlated significantly with the PSI and 
CURB-65 score in terms of the mean length of hospital 
stay and the prediction of mortality. The NT-proBNP 
level was one of the best predictors of mortality. The 
NT-proBNP level also correlated significantly with the 
CURB-65 score in patients admitted to the ICU. The 
best NT-proBNP cut-off level for the prediction of ICU 
admission and 30-day mortality was 1,434.5 pg/mL. 
The combination of the NT-proBNP level and the PSI 
had a better predictive value for 30-day mortality than 
did the PSI alone.

The PSI and CURB-65 are risk scoring systems used 
in evaluating the severity of CAP. However, they play 
a limited role in determining the prognosis of CAP. It 
was previously shown that the PSI and CURB-65 score 
both markedly underestimated mortality, particularly in 
the low-risk strata. That leads to the misclassification 
of patients with substantial mortality in the low-risk 
strata.(15) The CURB-65 score and PSI have both been 
shown to have low predictive specificity, incorrectly 
categorizing many young patients as being at low 
risk.(16) The present study showed that the PSI and 
CURB-65 score both had predictive value for mortality. 
Because our study population included only inpatients 

with CAP, most of the patients were in the high-risk 
strata and were elderly (mean age, 72.70 years). Those 
properties might have had a preventive effect against 
underestimation of mortality in the low-risk strata and 
young patients. In addition, the calculation of the PSI 
is complicated and its use is therefore not feasible in 
clinical practice, especially in the emergency department. 
Although the CURB-65 scoring system is simpler than 
is that of the PSI, the former has lower sensitivity for 
the prediction of 30-day mortality.(16,17) In a study of 
the role of the BNP level in predicting the severity of 
CAP, Li et al.(18) showed that it correlated positively 
with the severity of CAP, which is in accordance with 
the findings of the present study. In their study, the 
best BNP cut-off level for predicting mortality was 
found to be 299 pg/mL, which had good sensitivity 
and even better specificity. Usuda et al.(8) also studied 
the prognostic role of the BNP level in patients with 
pneumonia and found that a high BNP level (≥ 200 
pg/mL) at admission was a predictor of CAP-related 
death. (8) In patients with cardiac or renal dysfunction, the 
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Table 3. Simple correlation coefficients among selected variables.
Variable PSI CURB-65 score APACHE II score

Spearman’s rho (p) Spearman’s rho (p) Spearman’s rho (p)
NT-proBNP level 0.441 (< 0.001) 0.086 (0.286) 0.113 (0.475)
PSI - 0.318 (< 0.001) 0.241 (0.124)
CURB-65 score - 0.103 (0.514)
APACHE II score -
NT-proBNP: N-terminal pro-brain natriuretic peptide; PSI: Pneumonia Severity Index; CURB-65: mental Confusion, 
Urea, Respiratory rate, Blood pressure, and age ≥ 65 years; and APACHE II: Acute Physiology and Chronic Health 
Evaluation II.

Figure 1. Levels of N-terminal pro-brain natriuretic peptide 
(NT-proBNP) among patients with community-acquired 
pneumonia who died within the first 30 days after hospital 
admission and among those who survived.

Figure 2. The ROC curve for potential predictors of 30-day 
mortality. The areas under the ROC curve were as follows: 
0.739 (95% CI: 0.634-0.843) for the Pneumonia Severity 
Index (PSI; p < 0.001); 0.735 (95% CI: 0.642-0.828) for 
the N-terminal pro-brain natriuretic peptide (NT-proBNP) 
level (p < 0.001); and 0.659 (95% CI: 0.556-0.763) for 
the Confusion, Urea, Respiratory rate, Blood pressure, 
and age ≥ 65 years (CURB-65) score (p = 0.006). CRP: 
C-reactive protein.
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level of NT-proBNP rises more steeply than does that of 
BNP. Furthermore, in comparison with BNP, NT-proBNP 
is larger, is detected more rapidly, is more biologically 
stable, and has a longer half-life.(19,20) Therefore, we 
opted to measure NT-proBNP, rather than BNP, in the 
present study. As previously mentioned, we found 
the best NT-proBNP cut-off level for the prediction of 
ICU admission and 30-day mortality to be 1,434.5 
pg/mL, which had good sensitivity and specificity for 
both outcome measures.

Jeong et al.(21) showed that the NT-proBNP levels of 
patients with CAP who died were significantly higher 
than were those of survivors.(21) Our results support that 
finding, the NT-proBNP levels of our patients who died 
within the first 30 days after hospital admission being 
significantly higher than were those of the patients who 
survived. We also evaluated the relationship between 
ICU admission and NT-proBNP levels, finding that the 
NT-proBNP levels of the patients who were admitted 
to the ICU were significantly higher than were those 
of the patients who did not require ICU admission.

Lin et al.(22) investigated the plasma levels of 
NT-proBNP at ICU admission and 30-day mortality 
in patients with pneumonia, healthcare-associated 
pneumonia accounting for 40% of the sample, whereas 
CAP and hospital-acquired pneumonia accounted for 
35% and 25%, respectively. Those authors also found 
that the mean NT-proBNP levels were significantly lower 
among the survivors than among the nonsurvivors. 
They also reported that the NT-proBNP level showed 
prognostic accuracy comparable to that of the APACHE 
II score in patients who were admitted to the ICU 
with pneumonia. However, although the NT-proBNP 
levels correlated significantly with the CURB-65 score 

in patients admitted to the ICU in the present study, 
there was no correlation between those levels and the 
APACHE II scores in those same patients.

Nowak et al.(9) suggested that the levels of natriuretic 
peptides, especially NT-proBNP, could predict mortality 
in CAP and that their predictive ability is comparable 
to that of the PSI.(9) Consistent with that idea, we 
found that the predictive value of the NT-proBNP 
level was comparable to that of the PSI and that the 
former was a more powerful predictor than was the 
CURB-65 score. Although the PSI is a validated tool, 
it includes many parameters related to demographic 
characteristics, comorbidities, and laboratory findings, 
as well as being partially dependent on subjective 
impressions. In contrast, the measurement of the 
NT-proBNP level is simple and objective. Therefore, 
it could be an alternative to the PSI for predicting 
the severity and determining the prognosis of CAP. 
In addition, our study showed that combining the 
NT-proBNP level and the PSI increased the predictive 
value for 30-day mortality over that of the PSI alone. 

The mechanism of myocardial strain, which increases 
the levels of cardiac biomarkers in patients with 
pneumonia, is not clear. Musher et al.(23) found a 
myocardial infarction rate of 7-8% among patients 
who were hospitalized for pneumonia. The risk of 
myocardial infarction associated with pneumonia 
peaks at the onset of infection and is proportional to 
the severity of the pneumonia.(24) In the present study, 
we excluded patients who had comorbidities that can 
affect the NT-proBNP level, such as acute coronary 
syndrome, in order to avoid the confounding effects 
of such comorbidities. CAP places significant stress 
on the cardiovascular system via the induction of 
low peripheral vascular resistance, increased cardiac 
output, and the occurrence of arteriovenous shunts 
in areas of inflammation.(9) Studies in patients with 
sepsis have suggested that cardiac biomarker levels 
reflect the extent of systemic inflammation. (23,25) 
Zhang et al.(26) found that the NT-proBNP levels 
of patients with pneumonia correlated positively 
with inflammatory markers, such as the leukocyte 
count, ESR, and C-reactive protein level. Among the 
biochemical parameters evaluated in the present 
study, the consistent predictors of ICU admission and 
30-day mortality included not only the NT-proBNP 
level but also the leukocyte count. However, we did 
not detect any relationships between mortality and 
other inflammatory markers, such as the C-reactive 
protein level and the ESR. 

The present study has several limitations. First, the 
study population consisted only of inpatients with CAP, 
most of whom were elderly. In addition, patients who 
had comorbidities that could affect the NT-proBNP level 
were excluded from the study. Therefore, it might not 
be possible to extrapolate our findings to the general 
population of patients with CAP. Second, this was a 
single-center study conducted at a university hospital. 
Multicenter studies of patients with CAP might help 
clarify the prognostic role of the NT-proBNP level.
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Figure 3. The ROC curves constructed from the predicted 
probabilities of the PSI as a single variable and of the PSI 
in combination with the NT-proBNP level—designated PSI 
+ log(proBNP)—for the prediction of 30-day mortality. The 
AUC for the PSI was 0.772 (95% CI: 0.682-0.861), with 
an SE of 0.046 (p < 0.001), whereas the AUC for the PSI 
+ log(proBNP) variable was 0.812 (95% CI: 0.727-0.897), 
with an SE of 0.043 (p < 0.001).
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In conclusion, the NT-proBNP level appears to be 
a good predictor of ICU admission and short-term 
mortality among patients hospitalized for CAP. We found 
its predictive value for mortality to be comparable to 
that of the PSI and better than that of the CURB-65 
score. We also found that the inclusion of the NT-proBNP 

level increased the predictive value of PSI for mortality. 
There is a need for population-based randomized 
controlled studies in order to determine the exact 
prognostic role that the NT-proBNP level plays in CAP 
and to validate NT-proBNP as a prognostic marker in 
the general population of patients with CAP.
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