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Abstract 

Background: Bronchopulmonary dysplasia (BPD) in preterm infants is 

one of the most serious complications in neonatology, as it significantly 

affects the quality of life of preterm children. We retrospectively analyze 

the incidence and risk factors of BPD in premature infants under 32 

weeks of gestation age. 

Methods: Clinical data of premature infants with gestational age ≤32 

weeks admitted to the neonatal intensive care unit of the First Affiliated 

Hospital of Nanjing Medical University from 2015 to 2017 were selected 

for this retrospective case-control study. The patients were classified into 

the BPD and control groups based on the clinical diagnosis. We compared 

the general condition, treatments, complications, and clinical outcome of 

premature infants in both groups. Student’s t-test, non-parametric test, 

and binary logistic regression were used to analyze the occurrence of 



BPD and its potential risk factors. 

Results: A total of 213 premature infants aged ≤32 gestational weeks 

were included in the study; of these, 81 (38%) were diagnosed with BPD. 

The gestational age (29.14±1.88 weeks vs. 30.82±0.98 weeks, P<0.001) 

and weight (1240±314.87 g vs. 1584.77±318.18 g, P<0.001) in the BPD 

group were lower than those in the control group. The liquid quantity, 

urine volume, and calorie intake of preterm infants in the BPD group 

within one week after birth were significantly lower than those of infants 

in the control group. Logistic regression analysis showed that invasive 

mechanical ventilation (OR=5.065, 95% CI: 1.680–15.266); use of 

erythrocyte suspension (OR=10.146, 95% CI: 1.860–55.336); and PCO2 

in early postnatal arterial blood gas (OR=1.122, 95% CI: 1.024–1.229) 

were risk factors for BPD. On the other hand, gestational age (OR=0.657, 

95% CI: 0.460–0.937); calorie intake (OR=0.917, 95% CI: 0.874–0.963); 

PO2 (OR=0.925, 95% CI: 0.870–0.985); and pH in early postnatal 

arterial blood gas (OR<0.001, 95% CI: 0.000–0.156) were protective 

factors for BPD. 

Conclusion: The incidence of BPD in very low and extremely low birth 

weight infants is high. Maintaining early internal environment stability, 

increasing early calorie intake, shortening invasive mechanical ventilation 

time, reducing blood transfusion, and closing patent ductus arteriosus 

could likely reduce the incidence of BPD. 



 

Background 

Bronchopulmonary dysplasia (BPD) in preterm infants is one of the most 

serious complications in neonatology, as it significantly affects the quality 

of life of preterm children. In China, the incidence of BPD gradually 

increased with the improvement of the treatment success rate of very low 

birth weight (VLBW) and extremely low birth weight (ELBW) infants. 

Reiterer [1] showed that the incidence of moderate and severe BPD in a 

single-center study in Austria was about 25%. The incidence of BPD in 

premature infants aged ≤32 gestational weeks is about 35%, while this 

incidence among premature infants aged <28 gestational weeks can be as 

high as 80% [2]. While BPD is an independent risk factor for long-term 

dysplasia of the nervous system [3], effective treatment methods are still 

lacking. Therefore, prevention of BPD has become an area of clinical 

research focus. In this retrospective case-control study, we analyzed the 

occurrence and risk factors of BPD in preterm infants aged ≤32 

gestational weeks, to provide a clinical basis for the prevention of BPD. 

Methods 

Study Subjects 

In this retrospective case-control study, a total of 213 premature infants 

with gestational age ≤32 weeks and hospitalization duration ≥28 days 

were selected from the neonatal intensive care unit (NICU) of the First 



Affiliated Hospital of Nanjing Medical University from 2015 to 2017. 

The exclusion criteria were severe congenital malformation, congenital 

heart diseases, inherited metabolic diseases, chromosomal disease, death, 

and treatment abandonment or refusal to provide informed consent by 

parents. All included patients’ parents provided written informed consent. 

All procedures were conducted in accordance with the principles of the 

Declaration of Helsinki. 

Patients were classified into the BPD and control groups according to the 

diagnosis of NICHD/NHLBI/ORD workshop [4]. Premature infants ≤32 

weeks still need oxygen inhalation until 36 weeks of gestational age or 

discharge, whichever comes first, and the required oxygen concentration 

is between 21% and 30% to diagnose moderate BPD. Severe BPD is 

diagnosed if the required oxygen concentration is >30% and/or shows 

positive pressure. We compared the general condition, treatments, 

complications, and clinical outcome of premature infants in both groups.  

In this study, SPSS 22.0 software was used for statistical analysis. The 

categorical data were presented as actual numbers or percentages (%), 

and the groups were compared by the 2 
test. Normally distributed data 

were compared using the t-test and presented as mean±SD, whereas 

non-normally distributed data were compared after logarithmic 

transformation. Furthermore, correlative factor analysis of BPD was 

performed using logistic regression analysis. For all statistical tests, 



P<0.05 was considered to indicate statistical significance. 

Results 

Of the 213 included preterm infants, 81 had BPD (BPD group); the 

remaining 132 infants comprised the control group. The overall incidence 

of BPD was 38%: the proportion of mild BPD was 79.0% (n=64), and the 

proportion of moderate and severe BPD was 21.0% (n=17). The 

proportion of extremely low and ultra-low birth weight infants in the 

BPD group was 61.7% (n=50), significantly higher than that in the 

control group (33.3% [n=44], P<0.001). Gestational age and weight 

showed significant intergroup differences (P<0.001), but sex did not 

(P=0.214) (Table 1).  

 

Table 1 Comparison of hospitalization data between two groups of premature infants 

 control group BPD group t or 2 P value 

gender 70/62 50/31 1.544
b 

0.214 

gestational age 30.82±0.98 29.14±1.88 7.443
a 

<0.001 

birth weight 1584.77±318.18 1240±314.87 7.691
 a
 <0.001 

a：t value of Student’s t-test; b：2 
value of 2 

test 

 

The rates of use of invasive mechanical ventilation (54.3% vs. 9.8%, 

P<0.001) and non-invasive mechanical ventilation (92.6% vs. 54.5%, 

P<0.001) in the BPD group were higher than those in the control group. 

Similarly, the use time of both types of mechanical ventilation in the BPD 

group was higher than that in the control group (P<0.001) (Table 2). 

 

Table 2 Comparison of the different types of mechanical ventilation in two groups of 

premature infants 



 control group BPD group t or 2 P value 

invasive mechanical ventilation 13/119 44/37 50.655
c
 <0.001 

the time of invasive mechanical ventilation (day)
a
 3.62±2.399 3.57±5.069 -2.914

b
 0.006 

non-invasive mechanical ventilation 72/60 75/6 33.980
c
 <0.001 

the time of non-invasive mechanical ventilation (day)
a
 3.32±2.07 9.99±6.85 -8.044

b
 <0.001 

a: abnormally distributed continuous variables were log-transformed for analysis, non-transformed 

values were displayed for ease of interpretation; b：t value of Student’s t-test; c：2 
value of 2 

test 

 

The proportion of preterm infants in the BPD group requiring plasma 

(77.8% vs. 29.5%, P<0.001); erythrocyte suspension (50.6% vs. 27.3%, 

P=0.001); and gamma globulin (18.5% vs. 2.3%, P<0.001) was higher 

than that in the control group, but there was no significant intergroup 

difference in the mean volume of plasma and gamma globulin required. 

The mean volume of erythrocyte suspension in the BPD group was higher 

than that in the control group (45.83±14.72 mL vs. 37.56±15.03 mL, 

P=0.001) (Table 3). 

 

Table 3 Comparison of the use of blood products in two groups of premature infants 

 control group BPD group t or 2 P value 

plasma 39/93 63/18 46.794
 c
 <0.001 

the mean volume of plasma (ml) 50.10±25.95 52.69±38.43 -0.407
 b
 0.685 

erythrocyte suspension 36/96 41/40 11.852
c
 0.001 

the mean volume of erythrocyte suspension (ml) 37.56±15.03 45.83±14.72 2.432
 b

 0.017 

gamma globulin 3/129 15/66 17.124
 c
 <0.001 

the mean volume of gamma globulin (ml)
a 

27.53±14.53 30.67±17.21 0.332
 b

 0.744 

a: the concentration of gamma globulin: 2.5g/50ml; b：t value of Student’s t-test; c：2 
value of 2 

test 

 

In the first week after birth, fluid and calorie intake of premature infants 

in the BPD group were significantly lower than those in the control group 

(Figs. 1A, 1C). Further, urine volume in the BPD group was significantly 



lower than that in the control group from day 2 (Fig. 1B).  

 
Fig. 1 Comparison of fluid intake, urine volume and calorie intake in two groups 

within one week after birth 

*P<0.05, **P<0. 01, ***P<0.001 

 

The blood gas analysis with the lowest daily PO2 monitoring was 

selected for analysis. The blood gas analysis showed that the pH value of 

the BPD group was lower than that of the control group on the first day 

after birth; however, there was no significant intergroup difference on the 

second, third, and seventh days after birth. Moreover, blood gas analysis 



on days 1, 2, 3, and 7 after delivery showed that the PCO2 and PO2 levels 

in the BPD group were higher and lower, respectively, than those in the 

control group. HCO3 of the BPD group was significantly higher than that 

of the control group on days 3 and 7, but there was no statistical 

difference between the two groups on days 1 and 2 (Fig. 2). 

 

 

Fig. 2 Comparison of blood gas analysis in two groups within one week after birth 

*P<0.05, **P<0. 01, ***P<0.001 

 

In our study, the proportion of respiratory distress syndrome (RDS) in the 

BPD group was 100%, but not all babies born with RDS had BPD. The 

average grade of RDS in the BPD group was significantly higher than 

that in the control group (2.58±0.68 vs. 1.86±0.65, P<0.001). The 

incidence of patent ductus arteriosus (PDA) in the BPD group (44.4% vs. 

23.5%, P=0.001) and the size of the PDA (3.09±1.28 mm vs. 2.51±0.89 



mm, P=0.04) were significantly higher than those in the control group. 

However, there was no significant difference with regard to onset time of 

anemia between the two groups (Table 4). 

 

Table 4 Comparison of complications in two groups of premature infants 

 control group BPD group t or 2 P value 

RDS 86/46 81/0 36.002
c
 <0.001 

the average grade of RDS
 

1.86±0.65 2.58±0.68 -6.939
b
 <0.001 

PDA 31/101 36/45 10.228
c
 0.001 

the size of the PDA 2.51±0.89 3.09±1.28 -3.077
b
 0.040 

onset time of anemia (day)
 a
 8.61±4.63 8.73±5.71 -0.121

b
 0.904 

a: abnormally distributed continuous variables were log-transformed for analysis, non-transformed 

values were displayed for ease of interpretation; b：t value of Student’s t-test; c：2 
value of 2 

test 

 

Logistic regression analysis was conducted with the difference related 

factors as independent variables and the occurrence of BPD as the 

dependent variable. Our analysis showed that invasive mechanical 

ventilation, use of erythrocyte suspension, and PCO2 level in early 

postnatal arterial blood were risk factors for BPD, while gestational age, 

calorie intake, PO2, and pH were protective factors for BPD (Table 5). 

 

Table 5 Logistic regression analysis of risk factors in BPD 

 β standard error Wald P value OR 95%CI 

gestational age -0.421 0.182 5.364 0.021 0.657 0.460-0.937 

invasive mechanical ventilation 1.622 0.563 8.306 0.004 5.065 1.680-15.266 

erythrocyte suspension 2.317 0.866 7.167 0.007 10.146 1.860-55.336 

calorie intake -0.086 0.025 12.048 0.001 0.917 0.874-0.963 

PCO2 0.115 0.046 6.112 0.013 1.122 1.024-1.229 

PO2 -0.077 0.032 5.971 0.015 0.925 0.870-0.985 

pH -7.892 3.078 6.573 0.010 <0.001 0.000-0.156 



 

Discussion 

Previous studies have reported a wide range of BPD prevalence from 11% 

to 50%, likely because of differences in gestational age or birth weight 

criteria for confirmed a BPD diagnosis [5-10]. A multicenter retrospective 

analysis from China showed that the incidence of BPD decreases with 

increase in gestational age and weight [11], which is consistent with the 

results of previous studies. The incidence of BPD in premature infants 

enrolled in this study was 38%, which was significantly higher than that 

reported in other studies [11-12]. However, given the limitation of 

enrollment conditions, many premature infants who were not enrolled did 

not stay in hospital for 28 days, and all premature infants enrolled in this 

study were aged <32 gestational weeks, which reduced overall cohort size. 

As our hospital’s NICU is a neonatal critical care center, all patients 

admitted here have serious health conditions. Understandably, the actual 

incidence of BPD in our hospital’s NICU is lower than the statistical 

results of this study. 

Gestational age is a known risk factor for BPD, and the incidence of BPD 

increases with the decrease of gestational age [2]. Lung development in 

premature infants, especially in extremely preterm infants, is often 

interrupted in the vesicle stage. This means that in addition to inadequate 

number of pulmonary alveoli, the alveolar function is single and the gas 



exchange, insufficient. Inflammatory response is often induced after birth 

and inflammatory mediators are activated due to disease changes in 

various systems, leading to the occurrence of BPD [13-14]. 

Univariate analysis showed that the use rates of invasive and 

non-invasive mechanical ventilation in the BPD group were higher than 

those in the control group, and the duration of non-invasive mechanical 

ventilation was also significantly higher than that in the control group. 

However, in the regression analysis, only the use rate of invasive 

mechanical ventilation was a risk factor for BPD. This was related to the 

relatively severe condition of premature infants in the BPD group after 

birth. Multi-center studies and meta-analysis [11, 15] have suggested that 

the extension of mechanical ventilation time may increase the risk of 

ventilator-associated pneumonia and cause ventilator-associated lung 

injury such as barometric injury and oxygen toxicity, further leading to 

impaired alveolar function and pulmonary fibrosis, eventually resulting in 

BPD. However, our regression analysis showed that neither invasive nor 

non-invasive ventilation duration was a high risk factor in either group, 

which may be related to the improvement of clinical rescue technology 

and airway management. Lung-protective ventilation strategy was mostly 

adopted in critically ill premature infants. Therefore, clinicians should 

carefully choose invasive or non-invasive ventilation based on the actual 

requirement and should not delay treatment to or overtreat patients owing 



to excessive concern about the occurrence of BPD. 

Braldi et al. [16] showed that the use of blood products was a high risk 

factor for BPD. In this study, the use of plasma, erythrocyte suspension, 

and propyl spheres in premature infants in the BPD group was higher 

than the use in control group; however, regression analysis showed that 

only use of erythrocyte suspension was a high risk factor for BPD, which 

was consistent with previously reported results [17]. Excessive production 

of ferrous ions after infusion-induced erythrocyte destruction promotes 

the production of oxygen radicals and increases heme concentration, 

leading to overactivation of heme oxygenase, thereby aggravating lung 

injury. Demirel et al. [18] suggested that the infusion volume of 

erythrocyte suspension was more critical, but we found no statistically 

significant difference in the infusion volume of blood products between 

the two groups in our study. Premature infants in the BPD group were 

sicker than those in the control group, and the proportion and number of 

blood products used were also higher than those in the control group. 

These results need to be further verified in a large, double-blind, 

randomized controlled trial. 

The results of our study showed that in the first week after birth, fluid 

restriction did not reduce the incidence of BPD, but premature infants had 

abnormal pulmonary fluid balance and poor liquid tolerance. Even 

normal fluid intake could lead to pulmonary interstitial and alveolar 



edema, causing further deterioration of pulmonary function. Therefore, 

fluid intake should be strictly controlled [19]. Previous studies had 

suggested that insufficient calorie intake and excessive fluid intake in 

early postnatal period were high risk factors for BPD [20-21]. Our results 

suggest that fluid intake, urine output, and calorie intake of premature 

infants in the control group were significantly higher than those in the 

BPD group in the first week after birth. Premature infants in the BPD 

group suffered from severe pulmonary disease in the early stage, many 

systemic complications, and limited fluid intake. These preterm infants 

had a younger gestational age, lower body weight, slower increase in oral 

feeding, and inadequate calorie intake in the early postpartum period. 

These factors also resulted in decreased lung development after birth and 

decreased ability to repair lung injury.  

Continuous left-to-right shunt during PDA opening can lead to increased 

pulmonary blood flow and pulmonary fluid, increased pulmonary 

vascular injury and pulmonary hypertension, increased right ventricular 

load, and decreased lung function, which may increase the risk and 

severity of BPD. The results of this study showed that the incidence of 

PDA in the BPD group was significantly higher than that in the control 

group; however, consistent with previous results [2], PDA was not 

considered an independent risk factor for BPD in the regression analysis. 

Mohamed’s study [22] suggested that the incidence of PDA in preterm 



infants aged <28 gestational weeks could be as high as 70%, but 

conservative treatment did not increase mortality. Whether PDA promotes 

BPD is still controversial. 

Previous studies suggested that the pathological mechanism leading to 

BPD was injury to the immature lung and abnormal repair of lung tissue 

after injury caused by adverse factors such as oxygen poisoning, 

barometric injury, volume injury, infection, or inflammation [19, 23]. 

However, our data showed that gestational age, invasive mechanical 

ventilation, use of erythrocyte suspension, insufficient calorie intake, low 

pH value, PO2 decrease, and PCO2 increase in the early postnatal blood 

gas analysis were the risk factors for BPD. To the best of our knowledge, 

there are no reports yet on the effects of pH, PO2, and PCO2 on BPD in 

the early postnatal blood gas analysis. After 25 weeks of gestation, the 

original alveoli appear, and the distal bronchus continues to lengthen and 

expand, eventually forming the terminal vesicle, followed by the gradual 

appearance of the primitive and immature alveoli and the increase of 

alveolar volume and surface area. The fastest increase in the number of 

alveoli occurs at 32–38 weeks of gestation, and the alveoli gradually 

develop into mature alveoli after birth. Therefore, the intrauterine and 

postnatal environment of preterm infants aged <32 gestational weeks can 

affect lung development after birth, especially during rapid alveolar 

development [13, 19]. During lung development, even mechanical 



ventilation with appropriate tidal volume and low oxygen concentration 

will affect the process of alveolarization and alveolar vascular 

development in premature infants, although the specific mechanism is not 

yet clear. The results of this study suggest that the pH value of the BPD 

group was lower than that of the control group in the blood gas analysis 

on the first day after birth. This index was an independent risk factor for 

BPD in the regression analysis. This may be related to the distribution of 

several pH-sensitive cells on the ventral side of the medulla oblongata 

that are sensitive to subtle changes in the pH value of the local arterial 

blood within a certain range and project information to the respiratory 

center, thereby regulating respiration. At the same time, whether early pH 

value has an effect on alveolar development in premature infants, 

especially extremely premature infants, still needs further verification. In 

addition, the results of blood gas analysis in the first week after birth also 

indicated that PCO2 in the BPD group was higher than that in the control 

group on days 3 and 7 after birth, while PO2 in the BPD group was lower 

than that in the control group. In the early postnatal stage, owing to 

improved diagnosis and treatment and implementation of positive 

ventilation strategy, correction of hypoxemia and stability of internal 

environment in premature infants can be guaranteed. However, with the 

gradual development of alveoli after delivery, the alveolar function of 

premature infants in the control group was significantly better than that in 



the BPD group. Therefore, PCO2 in the BPD group was increased and 

PO2 was decreased in the blood gas analysis. Therefore, we speculated 

that the development of alveoli was greatly influenced by the internal 

environment; specifically, the internal environment in the first week after 

birth could predict the incidence of BPD. This also means that it is 

necessary to monitor and stabilize the internal environment in a timely 

manner to reduce the occurrence of BPD, but the specific mechanism 

involved remains to be better understood. 

The occurrence of BPD is the result of several factors. Improving 

maternal-fetal medicine, avoiding premature delivery, maintaining 

stability of the early internal environment, increasing early energy intake 

after delivery, and reducing the infusion of erythrocyte suspension may 

be important means to reduce the incidence of BPD. The results of our 

study suggest that changes in pH, PCO2, and PO2 levels in blood gas in 

the first week after birth may be one of the indicators for predicting BPD. 

However, this study is a single-center retrospective study, which may 

have biased the results to some extent. Therefore, multi-center, 

prospective studies with a larger sample size are required to improve 

clinical understanding and application. 
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