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Abstract
GEIDIS is a national-based research-net registry of patients with bronchopulmonary dysplasia (BPD) from public and private 
Spanish hospitals. It was created to provide data on the clinical characterization and follow-up of infants with BPD until 
adulthood. The purpose of this observational study was to analyze the characteristics and the impact of perinatal risk factors 
on BPD severity. The study included 1755 preterm patients diagnosed with BPD. Of the total sample, 90.6% (n = 1591) 
were less than 30 weeks of gestation. The median gestational age was 27.1 weeks (25.8–28.5) and median birth weight 
885 g (740–1,070 g). A total of 52.5% (n = 922) were classified as mild (type 1), 25.3% (n = 444) were moderate (type 2), 
and 22.2% (n = 389) were severe BPD (type 3). In patients born at under 30 weeks’ gestation, most pre-and postnatal risk 
factors for type 2/3 BPD were associated with the length of exposure to mechanical ventilation (MV). Independent prenatal 
risk factors were male gender, oligohydramnios, and intrauterine growth restriction. Postnatal risk factors included the need 
for FiO2 of > 0.30 in the delivery room, nosocomial pneumonia, and the length of exposure to MV. 
Conclusion: In this national-based research-net registry of BPD patients, the length of MV is the most important risk factor 
associated with type 2/3 BPD. Among type 3 BPD patients, those who required an FiO2 > .30 at 36 weeks’ postmenstrual age 
had a higher morbidity, during hospitalization and at discharge, compared to those with nasal positive pressure but FiO2 < .30.

What is Known:
• BPD is a highly complex multifactorial disease associated with preterm birth. 
What is New:
• The length of exposure to mechanical ventilation is the most important postnatal risk factor associated to bronchopulmonary severity which 

modulate the effect of most pre and postnatal risk factors. 
• Among patients with BPD, the requirement for FiO2 >.30% at 36 weeks of postmenstrual age is associated with greater morbidity during 

hospitalization and at discharge. 
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Introduction

Bronchopulmonary dysplasia (BPD) is the most frequent 
sequelae of prematurity and results in significant long-term 
health consequences and high healthcare costs [1–3]. It is 
characterized by impaired development of the alveoli, air-
ways, and pulmonary vasculature, which is often associated 
with structural changes of the airways and vasculature. The 
main risk factor is immaturity, and the incidence increases 
as gestational age decreases. As a multifactorial disease, 
many external factors are involved in its severity such as 
invasive mechanical ventilation-induced lung injury, oxida-
tive stress, infections, inflammation, pulmonary overflow, 
nutritional disorders, and others that can affect the lungs’ 
normal growth at early stages of their development.

A better understanding of factors linked to lung damage 
have led to changes in the management of very immature 
newborns, as controlling oxygen therapy, noninvasive res-
piratory support, early and less invasive surfactant therapy, 
prophylactic caffeine, infection prevention, and nutrition 
improvement among others, minimizing lung damage and 
promoting a better lung growth and development [1].

The incidence of BPD has not declined over the last dec-
ade [2], possibly because of an increase in the survival rate 
of the most premature infants who have a greater risk of 
developing BPD. Simultaneously, there has been a decrease 
in the severity of BPD [3].

Currently reported BPD rates in Spain in preterm babies 
born with a weight under 1500 g range between 34.9% in 
2013 and 32.2% in 2016 [4, 5].

The Spanish Bronchopulmonary Dysplasia Research 
Group (GEIDIS) is a national research network with a pro-
spective online case registry of patients diagnosed with BPD 
from 66 Spanish hospitals created to better understand risk 
factors and long-term consequences until adulthood.

The purpose of this initial study was to define and analyze 
the characteristics of the BPD patients in the GEIDIS regis-
try and describe the impact of pre- and postnatal factors on 
the severity of the disease.

Methods

The study involves the analysis of the data collected pro-
spectively in the GEIDIS registry between January 2016 and 
August 2020.

Inclusion criteria

Preterm patients (under 37 weeks of gestational age) diag-
nosed with BPD (more than 28 days on respiratory support 
or an FiO2 > 0.21 evaluated at 36 weeks postmenstrual 

age [PMA]) who had been entered in the GEIDIS registry 
database [6].

The following are the definitions of the variables used 
in the study (specified in the database and described in 
Supplementary Information 1:

•	 Perinatal variables: Gestational age (GA); sex; birth 
weight (grams); maternal age (years); antenatal cor-
ticosteroids; intrauterine growth restriction (IUGR); 
oligohydramnios; clinical and histological chorioam-
nionitis; type of respiratory support received at birth, 
during hospitalization, and at 36 weeks’ PMA; need for 
treatment with surfactant, inhaled nitric oxide therapy 
(iNO), postnatal corticosteroids therapy, diuretics, 
caffeine, and bronchodilators during hospitalization; 
length of exposure to invasive mechanical ventilation 
(MV) in days; respiratory support and treatments at 
discharge; patent ductus arteriosus (PDA); nosoco-
mial sepsis; nosocomial pneumonia; air leak syndrome 
(pneumothorax or interstitial emphysema); pulmonary 
hypertension; necrotizing enterocolitis requiring sur-
gery (NEC); intraventricular hemorrhage; hemorrhagic 
stroke; periventricular leukomalacia; hydrocephalus 
requiring a shunt; and retinopathy of prematurity.

•	 BPD was graded according to the agreed definition [4] 
into type 1 BPD (mild), type 2 BPD (moderate), and 
type 3 BPD (severe). Patients with type 3 BPD who 
need a FiO2 > 0.30 were compared to patients who 
received positive-pressure respiratory support but at 
an FiO2 < 0.30 at 36 weeks’ PMA. Those on high-flow 
nasal cannula (more than 2 L/min) at 36 weeks’ PMA 
were classified as type 3 BPD.

Statistical analysis

The statistical data analysis was carried out with the aid 
of the IBM SPSS software package for Mac, version 21 
(Chicago, Illinois).

The descriptive data analysis used measures of central 
tendency and measures of dispersion to summarize the 
quantitative variables and percentage distribution in the 
case of qualitative variables.

We used the chi-squared test (χ2) for the comparative 
analysis of categorical variables with the Bonferroni cor-
rection for multiple comparisons, and the Kruskal–Wallis 
test with Bonferroni adjustment for the quantitative vari-
ables, as they did not meet the normality criteria. Statisti-
cal significance was set to a p < 0.05.

Binary logistic regression was used for the multivariate 
analysis of binary response variables and linear regression 
for quantitative variables. The variables analyzed were 
selected according to their theoretical relevance and the level 
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of significance observed in the bivariate analysis. The num-
ber of variables included in each analysis was determined 
based on the number of events/nonevents for the response 
variable. Given its clinical relevance, GA was included in 
all models. The approximate models included the interac-
tions of the main study variable with the rest of the vari-
ables included, proceeding to stratification in the case of 
significant interactions.

The study was assessed and approved by the Local 
Research Ethics Committees and authorized by the Span-
ish Agency for Medicines and Medical Devices (AEMPS). 
Informed consent was obtained from the legal guardians of 
participants included in the study.

Results

The total sample included 1755 patients with a diagnosis of 
BPD, 922 (52.5%) with type 1 BPD, 444 (25.3%) with type 2 
BPD, and 389 (22.2%) with type 3 BPD. The respiratory 
support needed by patients with type 3 BPD is detailed in 
Supplementary Table S1.

A total of 90.6% (1591/1755) were less than 30 weeks of 
gestation. The median GA was 27.1 weeks (25.8–28.5), and 
the median birth weight was 885 g (740–1070 g).

The proportion of type 2/3 BPD decreased as GA 
increased until 30 weeks of gestation; over this gestational 
age, the frequency of type 2/3 BPD increased (Fig. 1).

Patients with type 2/3 BPD had a higher rate of respira-
tory morbidity from birth and required respiratory support 
and oxygen for a longer time. They were also associated with 
a greater morbidity during hospitalization (Table 1), and at 
discharge (Table 2), especially for those with type 3 BPD.

When considering only infants born < 30 weeks of ges-
tation, all of the risk factors analyzed were also associated 
with a greater length of exposure to MV (Supplementary 
Table S2); only histological chorioamnionitis seemed to be 
linked to less exposure to MV when adjusted for GA. How-
ever, the percentages of patients who needed MV was very 
similar for those with and without histological chorioamnio-
nitis (74.3% and 78.3%, respectively, p 0.179), as was the 
length of exposure to MV, median of 10.5 days (3.2–22) for 
patients with histological choriamnionitis and 11 (4–26) for 
patients without histological chorioamnionitis (p = 0.400). 
A total of 99.4% (n = 1581) of < 30 weeks GA infants were 
treated with caffeine, 87.5% (n = 1383) in the first 24 h after 
birth.

When the estimation of the effect of the independent vari-
ables was adjusted for the length of exposure to MV, sex 
(male), IUGR, oligohydramnios, need for FiO2 > 0.30 at 
birth, nosocomial pneumonia, and surgical closure of PDA 
were associated with a higher incidence of type 2/3 BPD. 
All the other variables, including GA, were not associated 
with a significant effect on type 2/3 BPD (Table 3). A total 
of 94.9% (n = 188) of the patients with surgical PDA closure 
had a previously failed pharmacological treatment.

In infants born ≥ 30 weeks, none of the variables were 
longer significant when adjusted for the length of exposure 
to MV (Supplementary Table S3).

In the group of patients < 30 weeks’ gestation with type 3 
BPD, those who required an FiO2 > 0.30 at 36 weeks’ PMA 
had a higher morbidity, both during hospitalization and at 
discharge, compared to the group of patients with nasal posi-
tive pressure but at a FiO2 < 0.30 (Supplementary Table S4). 
There was an increased incidence of oligohydramnios in 
patients who required > 30% oxygen at 36 weeks’ PMA 

Less than 23
weeks´s GA

(n5)

23 weeks´s
GA (n29)

24 weeks´s
GA (n 170)

25 weeks´s
GA (n 269)

26 weeks´s
GA (n 339)

27 weeks´s
GA (n 318)

28 weeks´s
GA (n 292)

29 weeks´s
GA (n169)

30 weeks´s
GA (n 99)

31 weeks´s
GA (n 41)

> 32
weeks´s GA

(n49)
Type 3 DBP  (n 402) 20.00% 44.80% 42.90% 22.70% 18.90% 17.00% 15.80% 19.50% 31.30% 29.30% 28.60%

Type 2 BPD  (n447) 40.00% 31.00% 24.10% 30.90% 27.10% 23.30% 22.90% 14.80% 29.30% 41.50% 16.30%

Type 1 BPD  (n 931) 40.00% 24.10% 32.90% 46.50% 54.00% 59.70% 61.30% 65.70% 39.40% 29.30% 55.10%

Fig. 1   Distribution of types of bronchopulmonary dysplasia according to gestational age at birth in weeks (week’s GA)
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compared to those who needed positive-pressure ventila-
tion, which was significant when adjusted for the rest of the 
prenatal risk factors (OR 2.201; 95% CI 1.227–3.947).

Surgical NEC was associated with a reduced incidence of 
type 2/3 BPD when adjusted for the length of MV (Table 3). 
Each day on MV in patients with NEC was associated with 
an increased incidence of type 3 BPD of at least 2.8% (OR 

1.060; 95% CI 1.028–1.093) compared to 5.8% in the other 
patients (OR 1.070; 95% CI 1.058–1.081).

For patients who did not require MV (n = 353; 22.2% of 
the sample), prenatal factors (male, IUGR, oligohydram-
nios) were associated with a greater incidence of type 2/3 
BPD, but none of the postnatal factors presented a signifi-
cant association (Supplementary Table S5). In this group, 

Table 1   Incidence of pre- and postnatal factors by severity of BPD. Data expressed in percentage (n) or median (interquartile range)

g grams, FiO2 fraction of inspired oxygen; MV mechanical ventilation, HFO high-flow oxygen, BPD bronchopulmonary dysplasia, PDA patent 
ductus arteriosus, PH pulmonary hypertension, EN enteral nutrition, h hours
*Significant difference with type 1 BPD
† Significant difference with type 2 BPD

Type 1 BPD (n = 922) Type 2 BPD (n = 444) Type 3 BPD (n = 389) p

Gestational age (weeks) 27.3 (26.1–28.6) 26.8 (25.6–28.3)* 26.6 (25–28.4)* <  .01
Weight (g) 932 (790.1–1104) 847.5 (725.75–1000)* 800 (650–1000)*† < 0.01*†0.025
Prenatal corticosteroids (complete course) 77.6% (598/771) 82.2% (304/370) 79.6% (262/328) 0.197
Sex (male) 52.4% (478/912) 56.7% (251/443) 61.8% (239/387)* 0.007
Clinical chorioamnionitis 15.1% (139/922) 13.7% (61/444) 14.1% (55/389) 0.782
Histological chorioamnionitis 14.4% (133/922) 14.6% (65/444) 11.8% (46/389) 0.404
Intrauterine growth restriction 16.5% (145/881) 20.8% (88/423) 25.9% (94/363)* 0.001
Oligohydramnios 10.4% (94/903) 15.1% (66/370)* 16.3% (62/380)* 0.004
Maternal age 34 (29–37) 33 (29–37) 34 (30–37) 0.931
Mother smoked during pregnancy 17.2% (34/198) 14.3% (13/91) 13.9% (11/79) 0.724
Asthmatic mother 10.3% (20/195) 13.6% (12/88) 12% (9/75) 0.701
Asthmatic father 7.9% (15/190) 9.4% (8/85) 5.9% (4/68) 0.723
Intubation at birth 40.8% (376/922) 50.2% (223/444)* 56% (218/389)* < 0.001
FiO2 > 0.30 at birth 68.3% (624/914) 77.5% (338/436)* 80.4% (308/383)* < 0.001
FiO2 > 0.60 at birth 14.6% (133/914) 24.3% (106/436)* 30.0% (115/383)* < 0.001
Intubation in first hour of life 45.9% (421/922) 58.1% (258/444)* 61.2% (238/389)* < 0.001
Surfactant 72% (655/910) 80.3% (350/436)* 79.3% (303/382) 0.001
Two or more surfactant doses 27.1% (169/624) 38.7% (128/331)* 47.1% (138/293)*† < 0.001
Caffeine therapy 9.2% (912/919) 98.9% (434/439) 98.4% (378/384) 0.414
MV during hospitalization 66.8% (613/918) 82.7% (364/440)* 88.6% (343/387)*† < 0.001
Noninvasive respiratory support 99.3% (915/921) 99.3% (438/441) 97.9% (375/383) 0.042
Nitric oxide therapy 6.1% (56/916) 14.1% (61/434)* 26.4% (101/383)*† < 0.001
Ectopic air 4.7% (43/922) 8.1% (36/444) 12.6% (49/389)*† < 0.001
MV, days 6 (2–14) 12 (5–25)* 26 (10–42)*† < 0.001
Positive pressure, days 25 (14–36) 33 (18–48)* 45 (30–66)*† < 0.001
High-flow oxygen, days 11 (0–21) 13 (3–24) 25 (12.2–39)*† 0.001
Oxygen, days 42 (30–54) 67 (50–82)* 73 (49.5–103.5)* < 0.001
Postnatal corticosteroids for BPD 17.8% (164/922) 30.4% (136/444)* 53.2% (205/389)*† < 0.001
Nosocomial sepsis 51.7% (470/909) 60.8% (265/436)* 74.6% (288/386)*† < 0.001
Nosocomial pneumonia 5.8% (52/912) 18.6% (81/435)* 35.1% (132/376)*† < 0.001
Patent ductus arteriosus (PDA) 46.9% (424/904) 56.0% (243/434)* 65.8% (246/374)*† < 0.001
PDA surgical closure 4.9% (45/922) 14.9% (66/444)* 22.9% (89/389)*† < 0.001
Necrotizing enterocolitis (surgical) 4.3% (39/904) 4.8% (21/435)* 8.6% (32/371)* 0.007
Maximum volume of fluid in first 72 h 110 (100–120) 110 (110–120) 110 (100–125) 0.867
Time until exclusively EN 13 (10–20) 17 (11.5–26)* 20 (12–30)*† *< 0.001; †0.035
Time until exclusively EN by mouth 60 (49–73) 70.5 (60–85)* 88 (69–105)*† < 0.001
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76.2% (n = 269) developed type 1 BPD, 15.6% (n = 55) 
type 2 BPD, and 8.2% (n = 29, of whom only five patients 
required > 30% oxygen at 36 weeks’ PMA) were type 3 
BPD. This is in contrast to patients who did require MV, 
where type 1 BPD was 47.2% (n = 680), type 2 BPD 27.2% 
(n = 334), and type 3 BPD 25.6% (n = 314) (p < 0.001).

When strat if ied according to GA, patients 
born > 30 weeks’ gestation had a higher proportion of males, 
IUGR, more cases of pneumothorax, pulmonary hyperten-
sion, iNO therapy, longer exposure to MV, and a similar 
percentage of type 2/3 BPD to infants born at less than 
26 weeks (Table 4).

Discussion

This study confirms the important role of immaturity as a 
predisposing factor in the development of BPD. In addi-
tion, exposure to MV seems to act as an intermediary agent 
between risk factors and the severity of BPD. It is hard to 
establish the individual influence of each of the known risk 
factors on the severity of BPD, as they are all associated with 
exposure to MV. Evidence derived from both animal stud-
ies and randomized clinical trials has shown that MV is the 
most important factor associated to the development of BPD 
[7–10]. In this observational study, MV also acts as a vari-
able in the causal pathway between most of the prenatal and 
postnatal risk factors and the development of type 2/3 BPD.

Most of the risk factors studied were associated with a 
longer exposure to MV; only higher GA and chorioamnio-
nitis were protective factors.

GA is the strongest predictor of the development of BPD 
[2, 11–13], which is also related to MV [14, 15]. Imma-
turity, both pulmonary and neurological, results in a more 
severe respiratory failure, more need for surfactant therapy, 
central apnea, and morbidity during hospitalization [12], 
which means more exposure to MV. In our study, the effect 
of GA on the severity of BPD was no longer significant 
when adjusted for the length of exposure to MV.

It should be noted that the effect of GA in our sample may 
be partly conditioned by the diagnostic criteria for BPD, 
which currently generate controversy [16–19].

The current classification of BPD lies mostly on the res-
piratory support required. It is defined BPD if needing more 
than 28 days oxygen therapy at a PMA of 36 weeks and 
grading the severity of BPD based on the respiratory sup-
port required [4]. One of the most controversial points is 
the diagnosis of type 1 BPD, patients who do not require 
respiratory support at 36 weeks’ PMA but need oxygen for 
28 days, as some authors believe that this can be attributed 
to immaturity [20] and does not imply the development of 
chronic lung disease [21]. In fact, some proposals for the 
disease’s diagnosis and classification exclude the concept 
of type 1 BPD [22, 23]. In our population, we observed a 
higher proportion of type 1 BPD in neonates < 30 weeks; in 
fact, most patients with BPD (90.6%) were in this GA group. 

Table 2   Incidence of hospital morbidity by type of BPD. Data expressed in percentage (n)

IVH intraventricular hemorrhage, NGT nasogastric tube
*Significant difference with type 1 BPD
† Significant difference with type 2 BPD

Type 1 BPD (n = 922) Type 2 BPD (n = 444) Type 3 BPD (n = 389) p

Leukomalacia (> grade 1) 3.8% (34/885) 4.5% (19/425) 9.9% (37/381)*† < 0.001
IVH (grade 3 or higher) 6.2% (55/889) 7.8% (33/424) 10.4% (38/366)* 0.036
Periventricular infarction 16.3% (130/794) 16.6% (60/360) 7.9% (60/334) 0.375
Ventriculoperitoneal shunt 2.1% (13/25) 2.6% (7/272) 3.3% (10/306) 0.548
Retinopathy 33.0% (289/877) 47.1% (181/384)* 51.6% (177/343)* < 0.001
Retinopathy greater than grade 2 19.7% (58/294) 27.8% (52/187) 42.9% (78/182)*† < 0.001
Respiratory support at discharge 3.9% (35/903) 29.1% (126/433)* 47.2% (171/ 362)*† < 0.001
Feeding by NGT/gastrostomy 2.5% (23/922) 2.7% (12/444) 12.6% (49/389)*† < 0.001
Pulmonary Hypertension (diagno-

sis > 28dol)
0.1% (1/922) 3.4% (15/444)* 9% (35/389)*† < 0.001

Sildenafil treatment 0.1% (1/922) 1.8% (8/444)* 8.7% (34/389)*† < 0.001
Bronchodilators 1.3% (12/922) 3.6% (16/444)* 12.1% (47/389)*† < 0.001
Inhaled corticosteroids 6.7% (62/922) 16.2% (72/444)* 19.5% (76/389)* < 0.001
Diuretics 5% (46/922) 8.1% (36/444)* 19.5% (76/389)*† < 0.001
Antireflux treatment 3.7% (34/922) 8.6% (38/444)* 18.0% (70/389)*† < 0.001
Mortality 0.7% (6/895) 0.7% (3/425) 4.4% (16/366)*† < 0.001
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Also, the need for more than 28 days of oxygen or respira-
tory support selects a small and probably unrepresentative 
sample of the whole population of preterm infants born after 
30 weeks, as they have higher morbidity (pneumothorax and 
pulmonary hypertension) and higher type 2/3 BPD propor-
tion than more immature premature infants (26–30 weeks of 
gestation). This may interfere in the analysis of the impact 
of GA on BPD severity in our sample.

Jensen et al. analyzed the predictive power of 18 BPD 
classifications with respect to long-term respiratory morbid-
ity and reported that the better predictive value for a clas-
sification was based solely on respiratory support, without 
including oxygen requirements at 36 weeks’ PMA [23]. In 
our sample, a requirement of > 0.30 FiO2 at 36 weeks’ PMA 
was associated with increased morbidity during hospitali-
zation compared to the need for positive pressure support. 
The need for more supplemental oxygen is considered a bet-
ter marker of both alveolar and vascular parenchymal lung 
disease than the need for positive-pressure therapy, which 
may be due to other causes, such as large airway diseases 
or central apnea [24]. However, it is also true that many 
patients often require an oxygen concentration above 30% 

with a low-flow nasal cannula due to atelectasis or airway 
collapse which can be reversed with positive-pressure treat-
ment, and consequently, the oxygen supply can be reduced. 
We are dealing, therefore, with an extremely complex dis-
ease with different phenotypes that appear to overlap in most 
cases [25].

Our series differs from others as it includes a low pro-
portion of intubated patients at 36 weeks’ PMA, only 4.4% 
compared to 13% in the US series analyzed by Jensen et al. 
[23], a greater use of noninvasive positive pressure (40.7% 
vs 32.4%), and a very similar percentage of patients with 
low-flow nasal cannula (55.5% vs 54.5%). It also features 
relatively low percentages of patients with oxygen require-
ments above 30%; 16% of the patients who needed res-
piratory support at 36 weeks and 33.6% when considering 
patients with type 3 BPD, compared to 46.7% and 87%, 
respectively, in the Prematurity and Respiratory Outcomes 
Program cohort [26].

Given the above, we analyzed all the patients with type 3 
BPD together (i.e., those requiring oxygen at > 30% com-
bined with patients in need of positive-pressure respira-
tory support), although we do believe that an analysis of 

Table 4   Incidence of risk factors by gestational age groups. Data expressed in percentage (n) or median (interquartile range)

wk. weeks, FiO2 fraction of inspired oxygen, MV mechanical ventilation, PH pulmonary hypertension
*Significant difference with the less than 26 weeks’ gestation group
† Significant difference with the 26–28 weeks’ gestation group
γ Significant difference with the 28–30 weeks’ gestation group

< 26 wk GA (473) 26–28 wk. GA (657) 28–30 week GA (461) ≥ 30 week GA (164) p

GA (weeks) 25 (24.5–25.4) 26.8 (26.4–27.4)* 28.7 (28.3–29.1)*,† 30.7 (30.2–31.4)*,†,γ < 0.001
Weight (g) 711 (623–800) 900 (780–1000)* 1055 (890–1200)*,† 1200 (952–1433)*,†,γ < 0.001
Sex, male 49.80% (234/470) 56.00% (366/654)* 56.80% (259/456)* 67.3% (109/162)*,†,γ 0.001
Corticosteroids (Complete course) 72.60% (289/398) 78.40% (421/537)* 82.50% (127/395)* 91.4% (127/139)*,†,γ 0.022
Intrauterine growth restriction 5.20% (23/443) 16.10%(101/626)* 30.10% (133/442)*,† 44.90% (70/156)*,†,γ < 0.001
Oligohydramnios 11.00% (51/463) 13.60% (88/646) 12.70% (57/448) 16.00% (26/162) 0.361
Histological chorioamnionitis 21.60% (102/473) 16.60% /109/657)* 6.50% (30/461)*,† 1.80% (3/164)*,†,γ < 0.001
Intubation at birth 68.30% (323/473) 47.00% (309/657)* 31.50% (145/461)*,† 24.00% (40/164)*,† < 0.001
FiO2 > 0.60 at birth 31.00% (144/465) 21.10% (137/650)* 12.10% (55/456)*,† 11.10% (18/162)*,†,γ < 0.001
Surfactant 80.40% (373/464) 76.60% (498/650) 73.60% (335/455)* 64.20% (102/159)*,† γ < 0.001
Caffeine therapy 99.6% (464/466) 99.2% (647/552) 99.3% (457/460) 95.1% (156/164)*,†,γ < 0.001
Refractory hypoxemia 13.50% (64/473) 7.90% (52/657)* 6.50% (30/461)* 4.90% (8/164)* 0.001
MV during hospitalization 93.40% (437/468) 78.30% (512/654)* 60.80% (279/459)*,† 56.10% (92/164)*,† < 0.001
Duration of MV, days 22 (10–35) 8 (3–20)* 5 (1–11)*,† 7 (3–14.00)* < 0.001
Nitric oxide therapy 18.70% (87/465) 9.70% (63/651)* 10.30% (47/456)* 9.60% (21/161) < 0.001
Postnatal corticosteroids 50.30% (238/473) 26.30% (173/657)* 15.80% (73/461)*,† 12.80% (21/164)*,† < 0.001
Patent ductus arteriosus 74.70% (343/459) 56.30% (363/645)* 37.00% (166/449)*,† 28.60% (47/164)*,†,γ  < 0.001
Nosocomial sepsis 76.80%(351/457) 59.90% (385/643)* 47.50% (211/444)*,† 39.10% (63/161)*,† < 0.001
Necrotizing enterocolitis (surgical) 8.30% (38/458) 6.00% (39/647) 2.20% (10/445)*,† 5.40% (5/160)* < 0.001
Ectopic air 9.80% (46/468) 5.80%(38/652)* 5.40% (25/459)* 12.20% (20/164)†,γ 0.003
Type 2/3 bronchopulmonary dysplasia 59.80% (283/473) 43.20%  (284/657)* 37.10% (171/461)*,† 57.90% (44/164)†,γ < 0.001
Type 3 bronchopulmonary dysplasia 31.30% (148/473) 18.00% (118/657)* 17.10% (79/461)* 26.80% (44/164)†,γ < 0.001
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the differences between each type of respiratory support 
received at 36 weeks’ PMA is very important when assess-
ing long-term follow-up.

We found that chorioamnionitis was associated with 
a reduced need of MV after adjusting for GA. However, 
the percent of patients requiring MV and its duration were 
very similar for newborns with and without chorioamnio-
nitis. The fact that chorioamnionitis was diagnosed more 
frequently among the most immature patients, and conse-
quently those with a greater exposure to MV, means that 
the adjustment for GA might be distorting the true impact 
of chorioamnionitis, which remains a causal factor for pre-
term birth. Other authors have also reported that the effect 
of chorioamnionitis is dependent on GA [27, 28]. Pietrasanta 
et al. went so far as to question the suitability of adjusting 
the effect of chorioamnionitis for GA [28]. In this study, if 
chorioamnionitis is not adjusted for GA, it does not correlate 
with the need for intubation at birth or the incidence of more 
severe forms of BPD.

Due the high rate of preterm infants treated with caf-
feine, its effect on MV exposure and BPD severity cannot 
be analyzed.

Male gender, oligohydramnios, IUGR, and requirement 
for FiO2 > 0.30 at birth were independently associated with 
the development of type 2/3 BPD versus type 1.

Nosocomial pneumonia diagnosis was also 3 times more 
frequent on type 2/3 BPD patients versus type 1 but, as not 
time point at diagnosis has been recorded in the database, 
it cannot be considered as a risk factor, although both diag-
nostics are strongly related.

Hemodynamically significant PDA was no longer sig-
nificantly associated to BPD severity when adjusted for 
the duration of MV exposure which is consistent with data 
published in the literature [29], but in case of surgical PDA 
closure, it is associated to at least 16% increase in BPD 2/3. 
One possible explanation could be a longer exposure to a 
hemodynamically significant PDA, as most of these patients 
have a previously failed pharmacological treatment. This 
observation has been evaluated recently in a large observa-
tional study, in which exposure to a moderate to large PDA 
of 7 to 13 days led to an increase of the combined outcome 
of BPD or death (OR 2.12, 95% CI 1.04–4.32) [30], but no 
specific data about the duration of exposure to PDA has been 
evaluated in our study.

The association between male sex and an increased sever-
ity of BPD has already been reported by others [31, 32]. In 
neonates born at under 32 weeks’ gestation, the lungs of 
males are less mature than of females at the same GA, which 
suggests a sex-dependent differences in the canalicular and 
saccular phases of lung development [33, 34]. In function 
of sex, different genetic patterns have also been described 
in mesenchymal cells taken from tracheal aspirates [35]. In 
our study, being male correlated with a greater exposure to 

MV, but its effect on the development of type 2/3 BPD was 
still significant after adjusting for this variable. Furthermore, 
in patients who were not exposed to MV, being male was 
also associated with a greater incidence of severe forms of 
BPD; that is, there were sex-dependent differences in lung 
development that were independent of a higher rate of initial 
respiratory morbidity.

The effects of oligohydramnios and intrauterine growth 
restriction are also independent of exposure to MV. Oligo-
hydramnios restricts intrauterine fetal lung growth, which 
causes pulmonary hypoplasia [36–38]. In our study sam-
ple, oligohydramnios is associated to a higher proportion 
of patients requiring > 30% oxygen at 36 weeks’ PMA. 
This effect is consistent with the findings of other series in 
which oligohydramnios was associated with parenchymal 
pulmonary compromise, pulmonary vascular alterations 
[39–41], and pulmonary hypertension [42]. The correlation 
between impaired pulmonary vascular development and the 
emergence of BPD is widely discussed in the literature [43], 
with some authors suggesting it is one of the etiopathogenic 
mechanisms behind BPD (vascular theory of BPD) in which 
the impaired development of pulmonary vessels would dic-
tate any alteration in distal airspace growth [44, 45].

The effect of intrauterine growth restriction (IUGR) on 
the development of BPD seems to be related also to an inhi-
bition of lung growth involving altered angiogenesis. Altera-
tions in placental vascularization and perfusion observed in 
premature patients with IUGR appear to affect both lung 
development and vascular growth, resulting in a greater 
susceptibility to develop BPD and pulmonary hypertension 
[46, 47].

In our sample, we also observed a relationship between 
an increased need for respiratory support at birth and the 
development of type 2/3 BPD. This pattern of severe respira-
tory failure from birth is the most frequently related to BPD 
development in other series [48]. The correlation between a 
greater need for respiratory support at birth and the appear-
ance of type 2/3 BPD in our series occurred independently 
of the length of the subsequent exposure to MV, which indi-
cates pulmonary involvement from birth that predisposes the 
development of more severe forms of BPD.

Another interesting feature is the association between a 
diagnosis of NEC and a lower incidence of both type 2/3 
BPD after adjusting for the length of exposure to MV. It 
is worth noting that since these patients underwent sur-
gery, they were all exposed to MV. On the other hand, this 
exposure was due to their abdominal process that in many 
cases causes the need for sedation, rather than a respira-
tory disease, so usually this group of patients requires a 
lower level of ventilatory assistance than those patients 
who had respiratory failure. In fact, MV had a lesser effect 
on the development of type 3 BPD in patients with surgical 
enterocolitis than in the rest of the sample. This highlights 
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the complexity of the mechanisms involved in lung dam-
age and the difficulty of assessing their effect outside the 
controlled environment of animal studies. Nowadays, 
minimizing exposure to MV is an objective in all neo-
natal units, so its use is restricted to patients with severe 
respiratory failure when noninvasive respiratory support 
fails. The deleterious effect of MV is possibly greater in 
these patients who have lung disease and, therefore, an 
increased need for respiratory support and oxygen; but 
what is more, the necessity for MV leads us to select a 
group of patients with a higher risk of developing severe 
forms of BPD.

In patients who did not require MV during hospitaliza-
tion, only being male and oligohydramnios were associ-
ated with a higher likelihood of developing type 2/3 BPD; 
however, none of the postnatal factors correlated with the 
emergence of type 2/3 BPD, which again emphasizes the 
role of MV as a mediator between these factors and the 
onset of the gravest forms of BPD.

This study has some limitations as we only included 
patients with a diagnosis of BPD, and given the observa-
tional character of the study, our assessment of the effect 
of the risk factors may be subject to significant biases, as 
the analysis only indicates the relationship between the 
risk factors and severity of BPD, as opposed to their effect 
on its incidence. Also, mortality in the first 28 days of life 
has not been considered and also no data about preec-
lampsia or placental vascular pathology are recorded in 
the database. On the other hand, the large sample size 
provides a very representative description of the Spanish 
population with BPD, even though not all of the neonatal 
units attending preterm infants have participated.

In conclusion, in our national-based research-net regis-
try of patients with bronchopulmonary dysplasia, prenatal 
risk factors for the development of type 2/3 BPD versus 
type 1 BPD were male sex, IUGR, and oligohydramnios. 
Exposure to MV is the main postnatal risk factor associ-
ated with the development of type 2–3 BPD, which also 
acts as an intermediary factor between all the other postna-
tal risk factors and the development of more severe types 
of BPD. Among type 3 BPD patients, those who required 
an FiO2 > 0.30 at 36 weeks’ PMA had a higher morbidity, 
during hospitalization and at discharge, compared to those 
with nasal positive pressure but with FiO2 < 0.30.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00431-​021-​04248-z.
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