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Objectives: To investigate the association between serum N-terminal pro-B-type

natriuretic peptide (NT-proBNP) level on the first day of life and a composite outcome

of bronchopulmonary dysplasia (BPD) or death in a cohort of infants born before 32

weeks of gestation.

Methods: We retrospectively identified infants born before 32 weeks of gestation

who had serum NT-proBNP levels measured when they were admitted to the Neonatal

Intensive Care Unit shortly after birth. The outcome of BPD or death was assessed at 36

weeks of postmenstrual age. The association of serum NT-proBNP levels with BPD or

death was evaluated. Receiver operator characteristic (ROC) curve analysis was used to

evaluate the predictive performance of serum NT-proBNP levels.

Results: A 100 and 47 preterm infants had serum NT-proBNP levels measured on the

first day of life. Serum NT-proBNP level was significantly higher in preterm infants who

developed moderate/severe BPD or died [3,855 (2,567–6,369) vs. 1,259 (950–2,035)

in control infants, P < 0.001]. On binary regression analysis, a high natural logarithm of

serum NT-proBNP levels was associated with increased risk of moderate/severe BPD or

death adjusted for gestational age, birth weight, birth weight z-score, and Apgar scores

at 1 and 5min (odds ratio [OR] = 5.195, 95% confidence interval [CI] 2.667–10.117, P

< 0.001). ROC analysis identified a NT-proBNP level of 2002.5 pg/mL to have 87.5%

sensitivity and 74.7% specificity for predicting moderate/severe BPD or death. The area

under the curve (AUC) was 0.853 (95% CI 0.792–0.914).

Conclusion: Serum NT-proBNP level measured on the first day of life is a promising

biomarker for predicting the development of moderate/severe BPD or death in preterm

infants. Our findings warrant a larger prospective study to incorporate measurement of

NT-proBNP in prognosticating outcomes in very preterm infants.

Keywords: bronchopulmonary dysplasia, death, N-terminal pro-B-type natriuretic peptide, biomarker,

preterm infant
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INTRODUCTION

Bronchopulmonary dysplasia (BPD) is one of the most severe
complications in preterm infants. Infants with BPD have higher
rates of cognitive, educational, and behavioral impairments, and
also have reduced lung function throughout childhood and into
early life than would normally be expected (1). There is great
interest in identifying a widely available biomarker with a strong
prognostic capability that would allow for risk stratification in
order to enable development of preventative strategies and early
treatment for BPD.

B-type natriuretic peptide (BNP) is a hormone secreted from
ventricular cardiomyocytes in response to volume or pressure
overload and is involved in the regulation of extracellular fluid
volume and blood pressure (2). N-terminal pro-BNP (NT-
proBNP), the inactive by-product cleaved from proBNP, is more
stable in serum sample and has a longer half-life in circulation.
A pilot study including 34 infants born with a gestational age
of <34 weeks reported that higher serum NT-proBNP levels
measured at 4 weeks of age in preterm infants was associated with
an increased risk of BPD (3). Another cohort study included 60
infants born before 32 gestational weeks and showed that BNP
was associated with BPD at the time of diagnosis (4). However,
it is unknown whether NT-proBNP in early life is associated with
BPD or death. We hypothesized that serum pro-BNP levels could
identify preterm infants that have a high risk of BPD or death as
early as the first day of life.

METHODS

Data Collection
This retrospective cohort study was conducted in the Neonatal
Intensive Care Unit at Xinhua Hospital Shanghai Jiao Tong
University School of Medicine. Since 2015, most of the preterm
infants had serum NT-proBNP level measurement, as it was
included in the electrolytes, liver function, and renal function
panels without requiring an extra blood sample. A total of 185
infants born before 32 weeks of gestation were hospitalized
between January 2015 and December 2018 after excluding
infants with any genetic disorder, congenital anomalies including
complex congenital heart disease, or who died on the first day of
life. Among them, 147 preterm infants with serum NT-proBNP
measured on the first day of life were enrolled in our study. There
was no difference in gestational age (GA) and birth weight (BW)
between the participating and non-participating preterm infants
[GA: 29+2 (28+1 to 31) vs. 29+6 (28+4 to 31) weeks, P = 0.448;
BW: 1,214± 304 vs. 1,304± 323 grams, P = 0.080].

Data were collected from the infants’ medical records
and included gestational age, birth weight, birth weight z-
score, gender, multiple birth, mode of delivery, maternal
gestational hypertension (GH), maternal gestational diabetes
mellitus (GDM), Apgar scores at 1 and 5min, type of respiratory
support (treatment with mechanical ventilation [MV] or with
nasal continuous positive airway pressure [nCPAP]), sepsis,
necrotizing enterocolitis (NEC), intraventricular hemorrhage

Abbreviations: NT-proBNP, N-terminal pro-B-type natriuretic peptide.

(IVH) grades III–IV, and patent ductus arteriosus (PDA). The
outcome was development of BPD or death. Birth weight z-
scores were calculated by the methods of Fenton (5). According
to the consensus definition by the National Institute of Child
Health and Human Development (NICHD), BPD severity was
graded as no, mild, moderate, or severe (defined as the need for
oxygen supplementation or respiratory support at 36 weeks of
postmenstrual age) (6).

Statistical Analyses
Data analysis was performed with SPSS 21 (SPSS, Inc., Chicago,
IL). Values are presented as numbers and percentages, mean
± standard deviation, or median and interquartile range (IQR,
25th and 75th percentile). Natural logarithm transformation
was applied to the serum NT-proBNP levels to improve
normality. A comparison of the characteristics in the infants
with moderate/severe BPD or death and no/mild BPD was
performed with independent samples t-test, Mann-Whitney U,
or Fisher’s exact test, as appropriate. The correlation between
gestational age, birth weight and serum NT-proBNP levels was
evaluated using Spearman analysis. One-way analysis of variance
(ANOVA) compared the natural logarithm of serumNT-proBNP
levels with gender, multiple birth, mode of delivery, maternal
complications, and outcomes. Binary regression analysis was
used to examine the association between BPD and gestational
age, birth weight, birth weight z-scores, Apgar scores at 1 and
5min, and the natural logarithm of the serumNT-proBNP levels.
Receiver operating characteristic (ROC) analysis was performed
to determine the serum NT-proBNP level that provided the
best combination of sensitivity and specificity for predicting
BPD or death. P-values of <0.05 were considered to be
statistically significant.

RESULTS

One hundred and forty-seven preterm infants with a gestational
age of <32 weeks were identified in the study period. Fifty-four
infants were not on any supplemental oxygen at 28 days of life
and were characterized as no BPD. According to the NICHD
classification of severity of BPD, 45, 38, 3 infants developed
mild, moderate, severe BPD, respectively. Seven infants died
before 36 weeks of postmenstrual age. A box plot of the
median (IQR) serum NT-proBNP level in the four categories
of no/mild/moderate/severe or death is shown in Figure 1.
There was an increasing trend of serum NT-proBNP level with
the severity of BPD. Serum NT-proBNP level was higher in
infants who developed severe BPD or died and moderate BPD
compared to mild BPD [4,102 (2,726–1,1665) vs. 1,438 (1,025–
2,467), P = 0.005; 3,855 (2,603–6,182) vs. 1,438 (1,025–2,467),
P <0.001, respectively]. Serum NT-proBNP level was higher
in infants who developed mild BPD compared to no BPD
[1,438 (1,025–2,467) vs. 1,254 (894–1,763), P = 0.048]. There
was no significant difference in the serum NT-proBNP level
between those with severe BPD or death and moderate BPD
(P = 0.755).

Table 1 shows a comparison of the clinical characteristics
between the no/mild BPD group and themoderate/severe BPD or
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FIGURE 1 | Serum NT-proBNP levels in four different groups of BPD severity.

death group. There were no differences between the two groups
for gender, multiple birth, mode of delivery, GH and GDM,
respiratory support requirement, sepsis, and IVH grades III–IV.
Infants with moderate/severe BPD or death were significantly
more immature. The birth weight and birth weight z-scores
in infants who developed moderate/severe BPD or died was
significantly lower than that in infants with no/mild BPD.
Infants who developed moderate/severe BPD or died had more
unfavorable baseline characteristics (such as lower Apgar scores
at 1 and 5min) compared to infants with no/mild BPD. Infants
who developed moderate/severe BPD or died also had higher
morbidity of NEC and PDA. Serum NT-proBNP level was
higher in infants who developed moderate/severe BPD or died
compared to infants with no/mild BPD [3,855 (2,567–6,369) vs.
1,259 (950–2,035), P < 0.001].

Spearman analysis showed a negative correlation between the
natural logarithms of serumNT-proBNP level and gestational age
(r =−0.258, P = 0.002; Figure 2), and birth weight (r =−0.309,
P < 0.001; Figure 3). We performed ANOVA to analyze the
effect of clinical characteristics on serum NT-proBNP level. The
association between the serum NT-proBNP level and gender,
multiple birth, mode of delivery, maternal complications and
morbidity of sepsis, NEC, IVH (III-IV), PDA, and BPD were
examined (Table 2). It confirmed that serum NT-proBNP level
was higher in infants who developed moderate/severe BPD or
died compared to infants who with no/mild BPD. (F = 60.705,
P < 0.001). It also revealed that serum NT-proBNP levels
were higher in infants who developed IVH (III-IV) than those
without IVH (III-IV) (F = 6.044, P = 0.015). There was
approximately significant difference in serum NT-proBNP levels
between infants who developed PDA and infants without PDA
(F = 3.611, P = 0.059).

Binary regression analysis showed that only the natural
logarithm of the serum NT-proBNP level was associated with
BPD or death adjusted for gestational age, birth weight, birth
weight z-score and Apgar scores at 1 and 5min (OR = 5.195,

TABLE 1 | Clinical characteristics of the groups with and without BPD.

Characteristics All patients

(n = 147)

No/mild

BPD (n = 99)

Moderate/severe

BPD or death

(n = 48)

P-value

GA weeks,

median (IQR)

29+6(28+4 to

31)

30 (28+6 to

31)

29+1(27+2 to

30+6)

0.013*

BW g, mean

± SD

1,304 ± 323 1,398 ± 304 1,110 ± 273 0.000*

BW Z-score,

mean ± SD

−0.09 (−0.37

to 0.59)

0.28 (−0.23

to 0.6)

−0.17 (−0.59 to

0.45)

0.014*

Males, n (%) 78 (53) 55 (56) 23 (48) 0.384

Singleton, n

(%)

93 (63) 66 (67) 27 (56) 0.219

Cesarean

delivery, n (%)

94 (64) 61 (62) 33 (69) 0.398

Maternal GH,

n (%)

33 (22) 18 (18) 15 (31) 0.075

Maternal

GDM, n (%)

32 (22) 23 (23) 9 (19) 0.537

Apgar at

1min, median

(IQR)

8 (7–9) 9 (8–10) 7 (6–9) 0.000*

Apgar at

5min, median

(IQR)

10 (9–10) 10 (9–10) 9 (8–10) 0.002*

Surfactant, n

(%)

128 (87) 86 (87) 42 (88) 0.915

MV, n (%) 122 (83) 80 (81) 42 (88) 0.311

nCPAP, n (%) 125 (85) 87 (88) 38 (79) 0.165

Sepsis, n (%) 10 (7) 5 (5) 5 (10) 0.226

NEC, n (%) 6 (4) 1 (1) 5 (10) 0.014*

IVH (III-IV), n

(%)

9 (6) 3 (3) 6 (13) 0.059

PDA, n (%) 74 (50) 43 (43) 34 (65) 0.016*

NT-proBNP

pg/ml,

median (IQR)

1,883 (1,104

to 3,763)

1,259 (950 to

2,035)

3,855 (2,567 to

6,369)

0.000*

LnNT-

proBNP,

mean ± SD

7.45 ± 0.89 7.35 ± 0.76 8.38 ± 0.75 0.000*

GA, gestational age; BW, birth weight; GH, gestational hypertension; GDM, gestational

diabetes mellitus; MV, mechanical ventilation; nCPAP, nasal continuous positive airway

pressure; NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PDA, patent

ductus arteriosus; LnNT-proBNP, natural logarithm of serum NT-proBNP. *indicates

statistical significance.

95% CI = 2.667–10.117, P < 0.001). More statistical details are
shown in Table 3. The ROC curve analysis shown in Figure 4

was used to identify a serum NT-proBNP cutoff value of 2002.5
pg/mL, which had the best combination of sensitivity (87.5%) and
specificity (74.7%) for predicting moderate/severe BPD or death.
The AUC was 0.853 (95% CI 0.792–0.914).

DISCUSSION

In this study, preterm infants with a gestational age of <32
weeks at birth during the study period were enrolled. BPD or
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FIGURE 2 | Correlation between natural logarithms of serum NT-proBNP level

and gestational age.

FIGURE 3 | Correlation between natural logarithms of serum NT-proBNP level

and birth weight.

death was used as the outcome rather than BPD because death
is a competing outcome with BPD (7). The results of this study
showed that serum NT-proBNP level on the first day of life was
significantly higher in infants who had moderate/severe BPD or
died, than infants with no/mild BPD in very preterm infants. We
also identified a serum NT-proBNP cutoff value of 2002.5 pg/mL
to have the best combination of sensitivity (87.5%) and specificity
(74.7%) for predicting moderate/severe BPD or death.

Elevated BNP or NT-proBNP levels have been reported in
adult congestive heart failure (8), adult respiratory distress
syndrome (9, 10) and adult pulmonary hypertension (11). The
NT-proBNPmeasurement is valuable in the screening, diagnosis,
management, and follow-up of children with cardiac disease (12).

Neonatal infants with persistent pulmonary hypertension of the
newborn (PPHN) have higher serum NT-proBNP levels than the
infants without PPHN (13). The transition from fetal to neonatal
circulation, lung expansion, and an elevation of systemic vascular
resistance causes an increase of pulmonary blood flow. These
perinatal circulatory changes lead to an increase in ventricular
volume and pressure load and stimulate the BNP synthesis and
secretion in the left and right atria and right ventricle after birth
(14). In newborn infants, the plasma BNP levels were highest on
the first day of life and decreased through maturation to stable
levels comparable to adult levels at 3 months of age. The rapid
increase of plasma BNP levels after birth may act to alleviate
the increased left ventricular load and to support the myocardial
function of the neonate (15).

Steurer et al. (16) reported that high BNP levels were
associated with poor clinical outcome in newborns with
congenital diaphragmatic hernia (CDH), because lung
hypoplasia and abnormal development of the pulmonary
vascular bed in infants with CDH may impact the transition to
postnatal circulation in CDH and cause pulmonary hypertension
elevated serum BNP levels. The severity of pulmonary
hypertension in infants with CDH is related to developmental
alterations in the pulmonary vascular bed (17, 18).

Puddy et al. (19) reported that early measurement of BNP
in the first few days of life is a useful method for predicting
preterm infants who had hemodynamically significant PDA.
Plasma BNP levels correlate with changes in mean pulmonary
arterial pressure during the first week of life in preterm infants
(20). The magnitude of shunting through PDA is a major
determinant of serum Plasma BNP level in preterm infants
with hemodynamically significant PDA (21). El-Khuffash et al.
(22) reported that high NT-proBNP and troponin T levels
in infants with PDA were associated with an increased risk
of intraventricular hemorrhage (IVH) or death. NT-proBNP
level may be associated with sympathomimetic activity and
cardiovascular compromise preceding the evolution of the
hemorrhage (22). They also found that combining NT-proBNP
and troponin T with echocardiography evaluates of PDA at
48 h might facilitate the identification of those infants with
a PDA, who are at greatest risk of poor neurodevelopmental
outcome at 2 years of age (23). Similarly, in our study,
serum NT-proBNP levels were higher in infants who developed
IVH (III–IV) than those without IVH (III–IV), and there
was approximately significant difference in serum NT-proBNP
levels between infants who developed PDA and infants
without PDA.

Several studies have investigated the pathophysiological role
of serum NT-proBNP and BNP levels in preterm infants with
BPD. Sellmer et al. found that higher serum NT-proBNP levels
in preterm infants at postnatal day 3 were associated with an
increased risk of BPD or death in a study including of 183
infants born before 32 gestational weeks (24). Czernik et al.
reported an association between urine NT-proBNP levels at the
age of 7 days and BPD, defined as requiring supplemental oxygen
at 4 weeks postnatal age, in 136 infants with a birth weight
below 1,500 g (25). Serum NT-proBNP levels have been found
to correlate with pulmonary hypertension (PH)-associated BPD
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TABLE 2 | Effects of clinical characteristics on serum NT-proBNP.

Factors n NT-proBNP (pg/ml)

median (IQR)

LnNT-proBNP

mean ± SD

F-value P-value

Gender 3.583 0.060

Males 78 2,133 (1,079–4,315) 7.82 ± 1.00

Females 69 1,806 (1,240–2,784) 7.54 ± 0.72

Multiple birth 3.392 0.068

Singleton 93 1,749 (1,108–3,475) 7.58 ± 0.84

Multiple birth 54 2,101 (1,117–5,334) 7.86 ± 0.94

Mode of delivery 0.602 0.439

Cesarean delivery 94 1,980 (1,132–3,729) 7.73 ± 0.91

Vaginal delivery 53 1,805 (1,020–3,763) 7.50 ± 0.85

Maternal GH 0.597 0.441

GH 33 1,794 (1,067–3,643) 7.58 ± 0.87

No GH 114 1,887 (1,237–3,779) 7.54 ± 0.90

Maternal GDM 0.225 0.636

GDM 32 1,971 (1,357–2,957) 7.75 ± 0.91

No GDM 115 1,863 (1,073–3,835) 7.67 ± 0.89

Sepsis 0.160 0.690

Sepsis 10 2,233 (1,098–5,536) 7.80 ± 0.91

No sepsis 137 1,883 (1,108–3,722) 7.68 ± 0.89

NEC 1.631 0.204

NEC 6 3,649 (2,170–4,489) 7.14 ± 2.36

No NEC 141 1,863 (1,101–3,722) 7.67 ± 0.89

IVH (III–IV) 6.044 0.015*

IVH (III–IV) 9 4,382 (3,503–9,949) 8.38 ± 1.00

No IVH (III–IV) 138 1,819 (1,103–3,710) 7.64 ± 0.87

PDA 3.611 0.059

PDA 74 2,148 (1,073–4,382) 7.82 ± 0.96

No PDA 73 1,749 (1,240–2,987) 7.55 ± 0.80

BPD 60.705 0.000*

Moderate/severe BPD 48 3,855 (2,567–6,369) 8.38 ± 0.75

No/mild BPD 99 1,259 (950–2,035) 7.35 ± 0.76

GH, gestational hypertension; GDM, gestational diabetes mellitus; NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PDA, patent ductus arteriosus. *indicates statistical

significance.

TABLE 3 | Results of logistic regression for BPD.

Parameter OR 95% CI P-value

GA 1.306 0.356–4.793 0.687

BW 0.995 0.987–1.004 0.260

BW z-score 0.878 0.076–10.086 0.917

Apgar scores at 1min 0.763 0.460–1.264 0.293

Apgar scores at 5min 1.512 0.675–3.38 0.315

Ln NT-proBNP 5.195 2.667–10.117 <0.001

OR, odds ratio; CI, Confidence Interval; GA, gestational age; BW, birth weight; LnNT-

proBNP, natural logarithm of serum NT-proBNP.

(26). In a retrospective cohort study, Cuna et al. described an
association between serum NT-proBNP levels and mortality in
extremely low birth weight infants with PH-associated BPD (27).
“New” BPD was characterized by interference in vascular and
alveolar development, and dysregulation of pulmonary vascular
development with fewer pulmonary vessels and structural
remodeling (28). In preterm infants, excessive pulmonary
pressure in an immature lung with ongoing maturation of
alveolar and vascular structures may result in abnormal
development of the pulmonary vessels (29). Pulmonary vessels

FIGURE 4 | Receiver operator characteristics curve of NT-proBNP level to

predict moderate/severe BPD or death.
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may have increased responsiveness to oxygen, with mild hypoxia
causing a marked elevation of pulmonary artery pressure (30).
All of these hemodynamic changes may cause the development
of BPD in preterm infants.

Our study was limited by its small sample population,
retrospective nature and lack of longitudinal data. In recent years,
the number of infants who are very preterm is increasing in
China. However, the survival rate of extremely low birth weight
infants (ELBWI) is much lower than that in developed countries.
A multicenter study reported that ELBWI accounted for 15.1% of
very low birth weight infants and the estimated overall mortality
was 47.5% for ELBWI in China from May 2015 to April 2016
(31). Considering the poor long-term outcomes, some parents
requested discontinuation of therapy for their infants who were
very preterm. Preterm infants in our study had larger gestational
age and birth weight than those with BPD in other studies.
A prospective study involving a larger sample size is needed
to incorporate measurements of NT-proBNP in prognosticating
outcomes in infants who are very preterm.

CONCLUSION

We found that the likelihood of BPD or death was associated with
high serum NT-proBNP levels measured on the first day of life.

If our data are confirmed in a larger prospective study, serum
NT-proBNP estimation may be a promising biomarker of BPD
or death in preterm infants.
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