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Introduction

Bronchopulmonary dysplasia (BPD) refers to the need 
for oxygen or respiratory support at least 28 days after 
birth (1). BPD is a common complication of premature 
infants, especially very low birth weight infants (VLBWIs) 
or extremely low birth weight infants (ELBWIs). The 
preterm delivery of VLBWIs could be induced by 

chorioamnionitis or sepsis. Further evidence confirms sepsis 
could induce BPD in VLBWIs. Chorioamnionitis is not 
the etiology of BPD (2). Early systemic inflammation has 
been proved to induce BPD in ELBWIs. Serum eotaxin 
level is a good marker in predicting BPD associated death 
at birth (3). BPD can easily cause extremely high morbidity 
and mortality of related diseases, and seriously threatens the 
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lives and the later quality of life of children (4). Valenzuela-
Stutman et al. reports 15.7% of the VLBWIs and 37.3% 
of the VLBWIs were dead. At birth, body weight and 
gestation age are the main influence factors of BPD related 
death, while the length of ventilation and oxygen treatment 
are the main influence factors of BPD related death (5). 
With the development of perinatal medicine and the 
improvements in neonatal intensive care technology, the 
survival rate of VLBWIs/ELBWIs is gradually increasing. 
However, the incidence of BPD is constantly increasing and 
the degree of BPD is becoming more and more serious (6-8).  
Children with BPD generally have a poor prognosis and 
are prone to various sequelae, such as recurrent respiratory 
tract infection, reactive airway disease, growth disorders, 
and developmental delay, among others, and no specific 
treatment has been found in the clinical scope (9,10). 
Therefore, it is necessary to actively explore tools for 
predicting the occurrence of BPD in VLBWIs, so as to help 
medical personnel assess and implement early treatment 
and nursing measures to reduce the adverse effects of BPD. 
As BPD could be induced by multi-factors, evidences have 
reported some related risk factors of BPD, like intrauterine 
growth retardation, ventilation length, hyperoxia treatment, 
infection, genetic susceptibility, chorioamnionitis and 
preeclampsia (11,12). Besides these factors, exosomal 
miR-876-3p is been reported to predict and protect BPD 
in premature infants (13). Compared with VLBWIs 
without BPD, the level of circulating endostatin is higher 
in VLBWIs with BPD, which indicating the correlation 
between endostatin and BPD (14). Foreign risk prediction 
models are not applicable to Chinese children (4), and there 
is no domestic prediction model for the occurrence of BPD 
in VLBWIs. Therefore, the purpose of this study is to build 
a risk prediction model for BPD occurrence in VLBWIs, 
and to provide a basis for predicting and managing the risk 
of BPD occurrence in VLBWIs. We present the following 
article in accordance with the STARD reporting checklist 
(available at https://dx.doi.org/10.21037/tp-21-445).

Methods

Subjects

The present study was a single-center retrospective study. 
Using the convenience sampling method, VLBWIs 
with complete case data from the neonatal intensive care 
unit (NICU) of a tertiary grade A hospital in Suzhou 
from January 2017 to September 2019 were included. 

The inclusion criteria were as follows: (I) body weight  
≤1,500 g and gestational age <32 weeks; (II) preterm infants 
with survival time ≥28 days. The exclusion criteria were 
as follows: (I) severe congenital malformations such as 
chromosomal abnormalities, congenital pulmonary disease, 
congenital heart disease (except patent ductus arteriosus 
(PDA) and atrial septal defect), and central nervous system 
malformations; (II) those who were critically ill and died 
after their families gave up treatment automatically; (III) 
incomplete clinical data and lost to follow-up. In this study, 
the logistic events per variable (EPV) method was used to 
calculate the sample size of the modeling data (15). When 
the Wald method is used, the EPV should be at least >5 to 
ensure the stability of the results. In this study, risk factors 
were screened by univariate analysis and multivariate analysis, 
and 10 covariables were included in the final model. The 
incidence of BPD was 14% (7/50) in 50 samples of our 
hospital. The EPV was 5. The required sample size of the 
modeling data was (10×5) ÷ 14% =357 cases. Finally, 611 
infants were included in this study and were randomly divided 
into the modeling group (451 cases) and the validation 
group (160 cases) according to 7:3 systematic sampling. The 
modeling group was used for the establishment of BPD risk 
prediction models, and the validation group was used for the 
external validation of models. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by ethics committee of Suzhou Municipal 
Hospital (No. K-2020-053-K01) and informed consent was 
taken from the patients’ parents or legal guardians.

Research method

Research tools 
The researchers used literature research, research group 
discussions, expert group meetings, and other methods 
to compile questionnaires on the factors related to the 
occurrence of BPD in VLBWIs. These mainly included: 
(I) general clinical data of the infants: gender, birth 
gestational age, birth weight, delivery mode, multiple 
birth, small for gestational age (SGA), in vitro fertilization, 
intrauterine distress, Apgar score, hospitalization days; 
(II) maternal general condition: maternal age, history of 
premature rupture of membranes, gestational hypertension, 
gestational diabetes, placental abnormalities (placenta 
previa and placental abruption), etc.; (III) treatment during 
hospitalization: invasive mechanical ventilation time, 
continuous positive airway pressure (CPAP) time, whether 
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a pulmonary surfactant (PS) was used, whether caffeine/
aminophylline was used, number of blood transfusions, total 
days using oxygen, duration of parenteral nutrition, duration 
of enteral nutrition, whether sputum culture was positive, 
etc. (IV) main diseases and complications after birth: 
neonatal respiratory distress syndrome (NRDS), neonatal 
asphyxia, clinical septicemia, neonatal hyperbilirubinemia, 
PDA, necrotizing enterocolitis (NEC), retinopathy of 
prematurity (ROP), intraventricular hemorrhage (IVH), 
anemia in premature infants, neonatal hypoglycemia, etc. 

Data collection method
The required data were obtained by retrospectively 
investigating the medical records from the hospital’s 
electronic medical record system, nursing document system, 
and medical record room. The data was double checked and 
input using Excel software. Before the formal investigation, 
the research group conducted professional training for the 
investigators, and carried out the investigation after passing 
the assessment. After the survey was completed, special 
personnel kept the data and checked 5–10% of the patients’ 
data to ensure its accuracy. 

Statistical analysis

The measurement data conforming to the normal 
distribution were expressed as mean ± standard deviation 
(x±s). The independent-samples t-test was used for inter-
group comparisons. Measurement data with a non-normal 
distribution were described by median and quartile, 
and the Wilcoxon signed rank test was used to compare 
2 independent samples. Count data were expressed as 
frequency and percentage, and the χ2 test or Fisher’s 
exact probability test was used for comparisons between 
groups. The predictive model was constructed using binary 
logistic regression and forward selection (likelihood ratio), 
the inclusion and exclusion criteria were 0.05 and 0.10, 
respectively, and the Hosmer-Lemeshow (H-L) test was 
used to verify the fitting degree of the model. The larger 
the P value, the better the fitting degree. The prediction 
ability of the model was evaluated by the area under the 
receiver operating characteristic (ROC) curve, and P<0.05 
was considered statistically significant.

Results

General information of the patients

A total of 611 cases were included, including 315 males 

(51.6%) and 296 females (48.4%). The mean gestational 
age was 29.92±2.14 weeks, the mean birth weight was 
1,210.11±194.26 g, the mean hospital stay was 39.07±20.07 
days, and the 1-minute Apgar score was 7.78±2.19. There 
were 473 single births (77.4%), 138 multiple births (22.6%), 
and 70 in vitro fertilization cases (11.5%).

Results of the univariate analysis of general data between 
the 2 groups of infants in the modeling group

A total of 451 cases in the modeling group were divided into 
the BPD group and the non-BPD group. Among them, 63 
cases were in the BPD group, and the incidence of BPD was 
14.9%. There were statistically significant differences in 24 
variables such as sex, gestational age at birth, birth weight, 
and Apgar score (P<0.05) (Table 1).

The establishment of the risk prediction model

Variables with statistically significant differences in the 
univariate analysis were taken as independent variables, 
and the dependent variable of the occurrence of BDP 
was analyzed by binary logistic regression. The variable 
assignment is shown in Table 2. The results of this study 
showed that neonatal asphyxia, positive sputum culture, 
clinical septicemia, NRDS, blood transfusion ≥3 times, 
PDA, invasive mechanical ventilation time, oxygen time, 
and parenteral nutrition time were independent risk factors, 
and 1-minute Apgar score was a protective factor, as shown 
in Table 3. Model formula: Z= neonatal asphyxia * 1.229 + 
positive sputum culture * 1.265 + clinical septicemia * 1.677 
+ NRDS * 1.848 + number of blood transfusions (≥3) * 1.455 
+ PDA*1.835 − 1 min Apgar score * 0.25+ time of invasive 
mechanical ventilation * 0.123+ time of oxygen application * 
0.09 + parenteral nutrition * 0.057 to 8.077.

Test of fitting degree and analysis of the prediction effect of 
the risk prediction model

The H-L test was performed to verify the fitting effect of 
the prediction model, and the results showed that the model 
could fit the actual occurrence of BPD in VLBWIs (P=0.983). 
The cut-off value calculated by the prediction model formula 
was used as the test variable, and the occurrence of BPD was 
used as the state variable to draw the ROC curve. The results 
in Figure 1 show that the area under the ROC curve was 0.965 
(95% CI: 0.946–0.983, P<0.001), the sensitivity was 93.7%, 
and the specificity was 91.3%, indicating that the predictive 



2536 Cai et al. Risk prediction for bronchopulmonary dysplasia in VLBWI

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2021;10(10):2533-2543 | https://dx.doi.org/10.21037/tp-21-445

Table 1 Univariate analysis of risk factors for BPD in VLBWIs

Parameters No BPD group (n=388) BPD group (n=63) t/χ2 P

Gender, n (%) 4.656 0.031

Male 189 (48.71) 40 (63.49)

Female 199 (51.29) 23 (36.51)

Delivery mode, n (%) 26.921 <0.001

Natural labor 163 (42.01) 5 (7.94)

Cesarean delivery 225 (57.99) 58 (92.06)

Polyembryony, n (%) 0.187 0.666

No 292 (75.26) 49 (77.78)

Yes 96 (24.74) 14 (22.22)

SGA, n (%) 9.017 0.003

No 291 (75.00) 58 (92.06)

Yes 97 (25.00) 5 (7.94)

IVF, n (%) 1.927 0.165

No 340 (87.63) 59 (93.65)

Yes 48 (12.37) 4 (6.35)

Intrauterine distress, n (%) 0.28 0.596

No 353 (90.98) 56 (88.89)

Yes 35 (9.02) 7 (11.11)

Premature rupture of fetal membranes, n (%) 0.03 0.863

No 273 (70.36) 45 (71.43)

Yes 115 (29.64) 18 (28.57)

Placenta previa, n (%) 1.68 0.195

No 376 (96.91) 59 (93.65)

Yes 12 (3.09) 4 (6.35)

Placental abruption, n (%) 3.144 0.076

No 379 (97.68) 59 (93.65)

Yes 9 (2.32) 4 (6.35)

Gestational hypertension, n (%) 0.991 0.319

No 285 (73.45) 50 (79.37)

Yes 103 (26.55) 13 (20.63)

Gestational diabetes, n (%) 0.484 0.486

No 346 (89.18) 58 (92.06)

Yes 42 (10.82) 5 (7.94)

Table 1 (continued)
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Table 1 (continued)

Parameters No BPD group (n=388) BPD group (n=63) t/χ2 P

Prenatal hormone use, n (%) 2.049 0.152

No 142 (36.60) 29 (46.03)

Yes 246 (63.40) 34 (53.97)

PS use, n (%) 33.03 <0.001

No 231 (59.54) 13 (20.63)

Yes 157 (40.46) 50 (79.37)

Caffeine/aminophylline, n (%) 11.934 0.001

No 93 (23.97) 3 (4.76)

Yes 295 (76.03) 60 (95.24)

Number of blood transfusion, n (%) 7.16 0.007

<3 206 (92.78) 22 (34.92)

≥3 182 (7.22) 41 (65.08)

NRDS, n (%) 55.087 <0.001

No 360 (92.78) 38 (60.32)

Yes 28 (7.22) 25 (39.68)

Neonatal asphyxia, n (%) 30.763 <0.001

No 220 (56.70) 12 (19.05)

Yes 168 (43.30) 51 (80.95)

Anemia of prematurity, n (%) 1.419 0.234

No 336 (86.60) 51 (80.95)

Yes 52 (13.40) 12 (19.05)

Positive sputum culture, n (%) 12.326 <0.001

No 171 (44.07) 13 (20.63)

Yes 217 (55.93) 50 (79.37)

Clinical septicemia, n (%) 20.629 <0.001

No 302 (77.84) 32 (50.79)

Yes 86 (22.16) 31 (49.21)

Pneumorrhagia, n (%) 8.961 0.003

No 370 (95.36) 54 (85.71)

Yes 18 (4.64) 9 (14.29)

PDA, n (%) 4.871 0.027

No 346 (89.18) 50 (79.37)

Yes 42 (10.82) 13 (20.63)

Table 1 (continued)
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effect of the prediction model was good.

Independent data validation of the risk prediction model

In this study, 160 infants were selected as independent data 
to verify the prediction effect of the model, including 86 

(53.8%) males and 74 (46.3%) females, with gestational age 
at birth 29.84±2.11 weeks and birth weight 1,211.56±179.08 
g. According to the prediction model formula in this study, 
the data of the 160 infants were interpolated into the cut-
off value, and when the cut-off value ≥−1.5505, BPD was 
considered to occur. The ROC curve was drawn, and the 

Table 1 (continued)

Parameters No BPD group (n=388) BPD group (n=63) t/χ2 P

IVH, n (%) 9.625 0.002

No 364 (93.81) 52 (82.54)

Yes 24 (6.19) 11 (17.46)

ROP, n (%) 5.554 0.018

No 305 (78.61) 41 (65.08)

Yes 83 (21.39) 22 (34.92)

NEC, n (%) 20.849 <0.001

No 354 (91.24) 45 (71.43)

Yes 34 (8.76) 18 (28.57)

Neonatal hyperbilirubinemia, n (%) 1.733 0.188

No 358 (92.27) 55 (87.30)

Yes 30 (7.73) 8 (12.70)

Neonatal hypoglycemia, n (%) 0.332 0.565

No 308 (79.38) 48 (76.19)

Yes 80 (20.62) 15 (23.81)

Gestational age (week) 30.23±2.09 28.23±1.65 7.22 <0.001

Birth weight (g) 1,228.53±195.75 1,093.33±184.10 5.125 <0.001

Apgar score (score)

1 min 7.97±2.11 6.63±2.50 4.527 <0.001

5 min 8.77±1.248 7.97±1.448 4.625 <0.001

Hospital stay (day) 35.64±18.06 61.35±18.97 −10.405 <0.001

Maternal age (year) 30.22±4.378 29.06±3.933 1.952 0.052

Invasive mechanical ventilation time (day) 3.6±5.012 14.87±13.916 −11.927 <0.001

Non-invasive CPAP time (day) 1.38±4.005 6.97±11.795 −7.159 <0.001

Total oxygen use time (day) 7.83±8.287 23.81±15.757 −12.168 <0.001

Duration of parenteral nutrition (day) 18.43±14.469 41.1±16.823 −11.211 <0.001

Duration of enteral nutrition (day) 18.01±13.14 29.67±13.674 −6.492 <0.001

BPD, bronchopulmonary dysplasia; VLBWIs, very low birth weight infants; SGA, small for gestational age; PS, pulmonary surfactant; 
NRDS, neonatal respiratory distress syndrome; PDA, patent ductus arteriosus; IVH, intraventricular hemorrhage; ROP, retinopathy of 
prematurity; NEC, necrotizing enterocolitis; CPAP, continuous positive airway pressure.
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results showed that the area under the ROC curve was 0.89, 
the sensitivity was 92.9%, and the specificity was 76%, as 
shown in Figure 2.

Discussion

Significance of constructing the BPD risk prediction model 
for VLBWIs

BPD is one of the most common complications in the 

treatment of premature infants, and its pathogenesis is still 
unclear (16,17). Early prevention and timely diagnosis and 
treatment are key to reducing the incidence and improving 
the prognosis (18,19). In this study, the incidence of BPD was 
14.9%, slightly higher than the 12.3% reported by Jensen  
et al. (20), which may be related to the differences in research 
subjects, diagnostic criteria, and evaluation methods, among 
other factors. The length of stay in the NICU for children 
with BPD is significantly prolonged, and the readmission 
rate after discharge is twice that of preterm infants without 
BPD (21). In addition, the damage to the respiratory 
system and nervous system caused by BPD can last until  
adulthood (22), which, to some extent, aggravates the suffering 
of children and the economic burden of families. In order to 
better guide clinical implementation of targeted intervention 
measures, and to prevent and reduce the risk of BPD, previous 
studies have focused on the pathogenesis and clinical risk 
factors of BPD (23), with a lack of studies on risk assessment 
tools for BPD. The indicators in the risk prediction model for 
BPD in VLBWIs established in this study were simple and 
easy to obtain, and the related factors of BPD were intuitively 
displayed in the formula, which was convenient and easy to 
operate. Therefore, this model can be applied to predict the 
high-risk population of BPD clinically, and targeted preventive 
measures can be taken, such as actively preventing and 
controlling nosocomial infection, reducing invasive ventilation, 
using non-invasive ventilation modes as much as possible, and 
strictly controlling blood transfusion guidelines, so as to reduce 
the occurrence of BPD.

Table 2 The variable assignment method of binary logistic regression 
analysis on the influencing factors of BPD in VLBWIs 

Variable Assignment method

Neonatal asphyxia No=0; yes=1

Positive sputum culture No=0; yes=1

Clinical septicemia No=0; yes=1

NRDS No=0; yes=1

Number of blood transfusions <3=0; ≥3=1

PDA No=0; yes=1

Duration of parenteral nutrition Original value

1 min Apgar score Original value

Invasive mechanical ventilation time <7 day=0; ≥7 day=1

Oxygen time <14 day=0; ≥14=1

BPD, bronchopulmonary dysplasia; VLBWIs, very low birth 
weight infants; NRDS, neonatal respiratory distress syndrome; 
PDA, patent ductus arteriosus.

Table 3 Results of binary logistics regression analysis of influencing factors of BPD in VLBW

Parameters B SE Wald P Exp (B) 95% CI

Neonatal asphyxia 1.229 0.535 5.278 0.022 3.419 1.198–9.757

Positive sputum culture 1.265 0.554 5.203 0.023 3.541 1.195–10.497

Clinical septicemia 1.677 0.489 11.745 0.001 5.351 2.05–13.963

NRDS 1.848 0.605 9.33 0.002 6.35 1.939–20.792

Number of blood transfusion (≥3) 1.455 0.507 8.251 0.004 4.285 1.588–11.568

PDA 1.835 0.679 7.308 0.007 6.266 1.656–23.704

1 min Apgar score −0.25 0.11 5.156 0.023 0.778 0.627–0.966

Invasive mechanical ventilation time 0.123 0.027 20.272 0.000 1.13 1.072–1.192

Oxygen time 0.09 0.019 23.144 0.000 1.095 1.055–1.136

Duration of parenteral nutrition 0.057 0.019 9.035 0.003 1.059 1.02–1.099

Constant −8.077 1.408 32.906

NRDS, neonatal respiratory distress syndrome; PDA, patent ductus arteriosus.
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Analysis of risk factors for BPD in VLBWIs  

In this study, logistic regression analysis showed that 
neonatal asphyxia, positive sputum culture, clinical 

septicemia, NRDS, blood transfusion ≥3 times, PDA, 
invasive mechanical ventilation time, oxygen time, and 
parenteral nutrition time were independent risk factors. 
The main analysis was as follows.

Infants with immature lung development are prone to 
BPD (24-26). The results of this study showed that infants 
with a history of neonatal asphyxia and NRDS were at 
higher risk of developing BPD, consistent with the results 
of several previous studies. In terms of causes, for VLBWIs 
born SGA and low body weight, which results in immature 
lung development and difficulty in postoperative respiratory 
establishment, asphyxia can easily occur, and resuscitation 
is difficult. The occurrence of NRDS leads to an increase 
in PS consumption. The infant requires assisted breathing 
support and has difficulty stopping oxygen support for a 
short period of time, which to some extent aggravates lung 
injury and makes the infant prone to BPD. Therefore, 
medical personnel should improve midwifery technology 
to prevent neonatal asphyxia. For premature infants with 
immature lung development, therapeutic PS should be 
given as early as possible to promote lung development and 
maturation, prevent further deterioration of the disease, and 
reduce the incidence of BPD.

The longer the time of invasive mechanical ventilation 
and oxygen application, the higher the susceptibility to 
BPD. The results of this study showed that the duration 
of invasive mechanical ventilation in the BPD group 
was longer than that in the non-BPD group, which was 
consistent with previous results (27). Prolonged mechanical 
ventilation is likely to cause mechanical and biological 
injuries of the lungs such as barometric injury, volume 
injury, oxygen toxicity injury, and atelectasis, leading to 
alveolar damage, pulmonary fibrosis, airway inflammation, 
further aggravation of hypoxia, and the formation of a 
vicious cycle, resulting in the occurrence of BPD. The 
duration of oxygen application was significantly higher in 
the BPD group than in the non-BPD group. Prolonged 
oxygen inhalation not only reduces the activity of the PS, 
leading to pulmonary fibrin deposition, pulmonary edema, 
and inflammatory reactions, among other processes, but also 
forms a large number of highly active oxygen free radicals in 
the body, which cause severe oxidative stress, inflammatory 
responses, alveolar wall thinning, alveolar and capillary 
reduction, and other lung developmental stagnation 
changes, which eventually lead to BPD. Premature infants 
are more susceptible to prolonged oxygen inhalation due 
to an immature antioxidant enzyme system and a limited 
ability to scavenge oxygen free radicals. Therefore, in 
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Figure 1 The ROC curve for predicting the risk of BPD in 
VLBWIs of the model building group. ROC, receiver operating 
characteristic; BPD, bronchopulmonary dysplasia; VLBWIs, very 
low birth weight infants.

Figure 2 The ROC curve for predicting BPD risk in VLBWIs 
of the model validation group. ROC, receiver operating 
characteristic; BPD, bronchopulmonary dysplasia; VLBWIs, very 
low birth weight infants.
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clinical treatment, a protective lung ventilation strategy 
should be adopted according to the condition of the infants, 
in order to minimize the use of invasive ventilation, shorten 
the duration of ventilation, and avoid long-term oxygen 
therapy and repeated machine use, which is helpful to 
reduce the occurrence of BPD.

Infants with postnatal infection are prone to BPD. 
The autoimmune function of VLBWIs is low, along with 
resistance to microorganisms. The condition of these infants 
is also critical and requires prolonged hospitalization, which 
increases the risk of infection. Both positive sputum culture 
results and clinical septicemia indicate postnatal infection, 
and both were independent risk factors for BPD. Many 
clinical observational studies have shown that postnatal 
infection is a risk factor for BPD (23). Infection can cause 
a systemic inflammatory response which affects pulmonary 
vascular permeability, prevents alveolar maturation of 
premature lungs in premature infants, further aggravates 
lung injury, and leads to BPD. Studies have shown that 
postnatal infection has a higher predictive effect for BPD 
than intrauterine infection (28). Cytokines, like IL-1β, IL-
6, IL-8, IL-10, IL-17, RANTES, TNF-α and interferon-γ, 
are dysregulated in the serum in VLBWIs with BPD, which 
indicated the transition  from innate immune to adaptive 
immune (29). Therefore, medical staff should pay attention 
to postnatal infection and actively take measures to control 
infection, including strict aseptic operation and encouraging 
breastfeeding to improve immunity.

Other aspects. The results of this study showed that the 
risk of BPD in infants with a history of PDA was 6.266 
times higher than that in infants without a history of PDA. 
In terms of the causes, the continuous left-right shunt after 
the opening of the ductus arteriosus leads to the increase of 
pulmonary blood flow, the decrease of pulmonary function, 
and the decrease of gas exchange, which leads to injury-
induced hypertrophy of the pulmonary vasculature and 
the aggravation of pulmonary inflammation. Meanwhile, 
it also leads to an increase in the demand for mechanical 
ventilation, difficulty in ventilator withdrawal, and an 
increased risk of BPD. Therefore, patients with BPD 
combined with PDA should receive surgical treatment as 
soon as possible to close the ductus arteriae. Studies have 
shown that the greater the amount of blood transfusion 
during hospitalization, the higher the risk of BPD(30). 
The results of this study showed that the risk of BPD was 
4.285 times higher in infants with ≥3 transfusions than 
in infants with <3 transfusions. This may be related to 

permanent changes in lung tissue due to increased oxidative 
stress damage caused by blood transfusion, which increases 
the risk of BPD. Therefore, iatrogenic anemia should be 
avoided as much as possible, umbilical cord ligation should 
be delayed, and blood transfusion indications should be 
strictly mastered. In addition, the results of this study also 
showed that the number of days of parenteral nutrition was 
an independent risk factor for BPD. Intravenous nutrient 
solution contains a variety of hepatotoxic amino acids, and 
fat emulsions will produce excessive lipid peroxides during 
metabolism, which will not only cause liver damage, but 
also induce or aggravate BPD (31,32). Enteral nutrition 
should be established as soon as possible to ensure the 
normal development of lung tissue.

The predictive effect of the VLBWI BPD risk prediction 
model is good

This study finally constructed a prediction model with 10 
indicators that are easy to evaluate as variables. Clinical staff 
can assess the risk of BPD in VLBWIs with relative ease. 
An area under the ROC curve value between 0.5 and 0.7 
indicates that the discriminant efficiency of the model is 
low, 0.7–0.9 indicates medium discriminant efficiency, while 
0.9–1.0 indicates high discriminant efficiency (33). The area 
under the ROC curve of the model in this study is 0.965, 
indicating that the model has good prediction efficiency for 
the occurrence of BPD in VLBWIs. Applying the model 
to clinical practice, the results showed that the area under 
the ROC curve was 0.89, the sensitivity was 92.9%, and the 
specificity was 76%, indicating that the model had good 
predictive performance and was beneficial to the screening 
of VLBWIs with BPD risk.

Innovation and limitation of this research

This study attempted to build a risk prediction model to 
determine whether BPD occurs in VLBWIs. No relevant 
research has yet been reported. In addition, the prediction 
model is simple and it is convenient to obtain data, which can 
provide a reference for the clinical prevention and treatment 
of BPD. The limitation of this study lies in the small number 
of research samples, and the study was conducted in only 
one tertiary grade A hospital. In the future, multi-center and 
large-sample studies can be conducted to further revise and 
improve the applicability of the model, so as to facilitate its 
later application in clinical practice.
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Conclusions

In this study, 10 independent risk factors for BPD in 
VLBWIs were screened out by univariate and multivariate 
logistic regression analyses, and the risk prediction model 
was established by data analysis. The model has good 
predictive ability and can predict the occurrence of BPD in 
VLBWIs robustly, which provides a basis for clinical work 
and has good clinical application value.
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