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Abstract

Objective Long-term respiratory consequences of bronchopulmonary dysplasia (BPD) in preterm infants born in the post-

surfactant era (“new” BPD) remain partially unknown. The present study aimed to evaluate respiratory outcomes of “new”

BPD in adolescents who were born preterm. Methods This multicenter, cross-sectional study included 286 adolescents born

between 2003 and 2005 (mean age: 14.2 years); among them, 184 and 102 were born extremely preterm (EP) (< 28 weeks’

gestation) and moderate-late preterm (32 to < 37 weeks’ gestation), respectively. Among EP adolescents, 92 had BPD, and 92

did not. All participants underwent lung function tests, skin prick testing, and questionnaires on asthma symptoms and quality

of life. Results EP adolescents with BPD had significantly lower forced expiratory volume in 1 s (FEV1), forced vital capacity

(FVC), FEV1/FVC ratio, and forced expiratory flow between 25%–75% of FVC than other included adolescents. FEV1/FVC

ratios were below the lower limit of normal (z-score < -1.645) in 30.4% of EP adolescents with BPD, 13.0% of EP adolescents

without BPD, and 11.8% of adolescents who were born moderate-late preterm. Bronchodilator response and air-trapping were

significantly higher in BPD adolescents than in other adolescents. Diffusion capacity was significantly lower in EP adolescents

than in moderate-late preterm adolescents. Asthma symptoms and quality of life scores were similar among groups. Conclusion

EP adolescents with “new” BPD had poorer pulmonary function than EP adolescents without BPD or moderate-late preterm

adolescents. Further studies are needed to determine whether “new” BPD is associated with early-onset chronic obstructive

pulmonary disease in adulthood.
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Pediatric Pulmonology Unit. Severo Ochoa University Hospital.

28914 Leganés, Madrid. Spain.

Maria Arroyas Sanchez, MD, PhD.

Pediatric Pulmonology Unit. Severo Ochoa University Hospital.

28914 Leganés, Madrid. Spain.

Inés De Mir Messa, MD, PhD.

Pediatric Pulmonology and Cystic Fibrosis Unit. Vall d’Hebron Hospital.

Passeig de la Vall d’Hebron, 119, 08035 Barcelona. Spain.

Tatiana Acevedo Valarezo, MD.

Pediatric Pulmonology and Cystic Fibrosis Unit. Vall d’Hebron Hospital.

Passeig de la Vall d’Hebron, 119, 08035 Barcelona. Spain.

Orlando Mesa Medina, MD.
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ABSTRACT

Objective

Long-term respiratory consequences of bronchopulmonary dysplasia (BPD) in preterm infants born in the
post-surfactant era (“new” BPD) remain partially unknown. The present study aimed to evaluate respiratory
outcomes of “new” BPD in adolescents who were born preterm.
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Methods

This multicenter, cross-sectional study included 286 adolescents born between 2003 and 2005 (mean age: 14.2
years); among them, 184 and 102 were born extremely preterm (EP) (< 28 weeks’ gestation) and moderate-
late preterm (32 to < 37 weeks’ gestation), respectively. Among EP adolescents, 92 had BPD, and 92 did not.
All participants underwent lung function tests, skin prick testing, and questionnaires on asthma symptoms
and quality of life.

Results

EP adolescents with BPD had significantly lower forced expiratory volume in 1 s (FEV1), forced vital ca-
pacity (FVC), FEV1/FVC ratio, and forced expiratory flow between 25%–75% of FVC than other included
adolescents. FEV1/FVC ratios were below the lower limit of normal (z-score < -1.645) in 30.4% of EP
adolescents with BPD, 13.0% of EP adolescents without BPD, and 11.8% of adolescents who were born
moderate-late preterm. Bronchodilator response and air-trapping were significantly higher in BPD ado-
lescents than in other adolescents. Diffusion capacity was significantly lower in EP adolescents than in
moderate-late preterm adolescents. Asthma symptoms and quality of life scores were similar among groups.

Conclusion

EP adolescents with “new” BPD had poorer pulmonary function than EP adolescents without BPD or
moderate-late preterm adolescents. Further studies are needed to determine whether “new” BPD is associ-
ated with early-onset chronic obstructive pulmonary disease in adulthood.

INTRODUCTION

Bronchopulmonary dysplasia (BPD), a chronic pulmonary disease that mainly affects extremely preterm in-
fants (< 28 weeks gestational age [GA]), is one of the most common and serious complications of prematurity1

and is associated with increased respiratory morbidity and reduced pulmonary function throughout child-
hood and adolescence2,3. The condition is a consequence of an arrest of lung development during late fetal
and early postnatal life and can predispose individuals with BPD to chronic obstructive pulmonary disease
in adulthood4. Notably, asthma prevalence is reported to be higher in children and adolescents who were
born preterm, and the risk of asthma increases in proportion to the degree of prematurity5. Given that
preterm infants with BPD have also experienced early lung injury, they would be expected to have a higher
prevalence of long-term asthma symptoms than preterm infants without BPD. However, this association has
not been thoroughly assessed, and it remains unclear whether BPD is a risk factor for asthma in childhood
and adolescence, irrespective of prematurity6.

Most follow-up studies on pulmonary function and respiratory morbidity in adolescents have focused on BPD
occurring in the pre-surfactant era or “classic” BPD, which is characterized by lung damage from oxygen
toxicity and mechanical ventilation. To date, improvements in neonatal care have led to a less-severe form
of BPD that occurs in more premature infants. Nevertheless, most previous studies on this “new” BPD
focused on patients between 6 and 12 years old, but data is sparse on patients > 12 years old7.

This study aimed to evaluate pulmonary function, asthma symptom prevalence, and quality of life in a group
of adolescents who were born extremely preterm in the post-surfactant era and developed “new” BPD. The
results were compared with those obtained from 2 other groups of former preterm adolescents, who did not
develop BPD.

MATERIALS AND METHODS

We conducted a cross-sectional, multicenter study at 11 hospitals from 5 Spanish regions. The study was
sponsored by the Working Group of Perinatal Respiratory Diseases of the Spanish Society of Pediatric
Pulmonology and was approved by the ethics committees at each participating institution. Written consent
was obtained from the adolescents and their parents/caregivers after providing a full explanation of the study
protocol. The inclusion period was from May 2017 to June 2019.

4
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Study population and data source

This study included adolescents who were born between 2003 and 2005. They were classified into the
following 3 groups: Extremely preterm adolescents (up to 28 weeks’ GA) with associated BPD (EP-BPD);
extremely preterm adolescents without BPD (EP-noBPD); moderate-late preterm adolescents (MLP; 32 to
< 37 weeks’ GA). The accepted definitions of BPD used by each center at the time of diagnosis were as
follows: 1 Supplementary oxygen requirements for [?] 28 days, regardless of the situation at 36 weeks post-
menstrual age; 2National Heart, Lung and Blood Institution Workshop definitions (Jobe and Bancalari)8:
2a, Mild BPD; 2b, Moderate BPD; 2c, Severe BPD; 3 Requirement for supplemental oxygen at 36 weeks
post-menstrual age. We regrouped EP-BPD patients into the following 2 subgroups according to disease
severity: “low severity BPD” (definitions 1 and 2a) and “high severity BPD” (definitions 2b, 2c, and 3). The
following were considered exclusion criteria: (1) mental retardation; (2) disabling cerebral palsy; (3) severe
gastroesophageal reflux; and (4) history of lung resection, airway surgery, or cardiac surgery.

In each hospital, data provided by the medical records department were used to create a list of patients
for each group. Telephone calls were conducted in chronological order, beginning with participants born in
January 2003, and appointments were made for those who were interested. For every EP-BPD adolescent
who agreed to participate, 1 EP-noBPD adolescent and 1 MLP adolescent were also selected. They were
matched in sex and date of birth as closely as possible.

Asthma symptoms/Quality of life

Supervised by their parents/caregivers, the adolescents completed Spanish versions of validated question-
naires on asthma symptoms (Global Asthma Network [GAN] written questionnaire)9 and quality of life
(Kiddo-KINDL?)10. The Kiddo-KINDL? questionnaire consists of 24 items, which are grouped into sub-
sections based on physical well-being, emotional well-being, self-esteem, family relationships, friends, and
school. Each item is scored between 1 (never) and 5 (always). The questions refer to the week before the
appointment, and the scores obtained in each sub-section are transformed into a 0–100 scale that allows for
comparison. A higher score represents a better quality of life.

Based on the methodology of the International Study of Asthma and Allergies in Childhood (ISAAC) 11,
current asthma was defined as a positive answer to the question: “Have you had wheezing or whistling in
the chest in the last 12 months?” Medical records from neonatal intensive care and pediatric pulmonology
units were reviewed, and parents/caregivers were interviewed to obtain additional demographic and clinical
information.

Pulmonary Function

All patients underwent spirometry with bronchodilator testing. Forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC), FEV1/FVC ratio, and forced expiratory flow at 25–75% of FVC
(FEF25–75) were calculated. A positive bronchodilator response was defined as an increase in the FEV1

of [?] 12% from baseline (15 minutes after inhalation of 400 mcg of salbutamol by metered-dose inhaler
plus spacer). Where available, total body plethysmography and lung diffusion by the single breath diffusion
method were performed, and the following parameters were collected: total lung capacity (TLC), functional
residual capacity, residual volume (RV), RV/TLC ratio, diffusing capacity of the lung for carbon monox-
ide (DLCO), and DLCOadjusted for alveolar volume (KCO). All parameters were expressed as a percentage
of the predicted value (%pred) and as a z-score, except for the RV/TLC ratio, which was only expressed
as a percentage. The FEV1/FVC and RV/TLC ratios were also expressed as actual values (percentages).
The Global Lung Function Initiative equations12,13 were used as references for spirometry and diffusion,
while equations from Rosenthal et al14. were used for plethysmography. All measurements were performed
according to American Thoracic Society/European Respiratory Society guidelines15-17.

Allergy Testing

A skin prick test using extracts of pollen, fungus, mites, and cat and dog epithelium was adopted to assess
allergies. Saline and histamine (10 mg/ml) were used as negative and positive controls, respectively. The
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appearance of a papule > 3 mm was considered a positive result.

Statistical Analysis

The sample size was calculated with FEV1 %pred as the primary outcome. Accepting an alpha risk of 0.05
and a beta risk of 0.2, we estimated a requirement of at least 90 participants in each group to recognize
an FEV1 %pred difference of [?] 5% between any pair of groups as statistically significant. The standard
deviation was assumed to be 10%18.

Descriptive data are expressed as mean, standard deviation (SD), median, and the 1st and 3rd quartiles
(Q) for continuous variables and counts and percentages for categorical variables. Continuous variables that
followed a normal distribution were compared using a one-way analysis of variance with post-hoc Bonferroni
correction or t- tests. When the data distribution was not normal, we used the Mann-Whitney U test or
Kruskal-Wallis test with Dunn’s multiple comparison test. Categorical variables were compared using the chi-
squared test or Fisher’s exact test. To control for potentially confounding variables (allergic sensitization, GA,
parental asthma/atopy, parental smoking, or sex), we examined differences between groups using multiple
linear and logistic regression models. Adjusted differences and odds ratios with 95% confidence intervals
(95% CIs) were reported. In addition, we performed a sub-analysis for EP-BPD adolescents and compared
participants with “low” and “high severity” BPD.

p-values < 0.05 or < 0,05/3 for post-hoc tests were considered statistically significant. Analyses were
performed with SPSS 20 (SPSS Inc, Chicago, IL, USA).

RESULTS

This study included a total of 286 adolescents with technically acceptable spirometry results (Figure 1).
Pulmonary volumes and lung diffusion measurements were obtained from 121 and 101 participants, respec-
tively. Descriptive data during the neonatal period and at early follow-up (first 6 years of life), findings of
skin prick tests, and parental history are presented in Table 1. E-table 1 shows BPD definitions used in the
centers, the BPD sub-classification based on severity, and the incidence and duration of home oxygen ther-
apy. Approximately 28% of infants with BPD required oxygen supplementation at home, with an average
duration of 3 months (1st and 3rd Q 2 and 6, respectively). Mean (SD) duration of home oxygen therapy
was significantly longer in the “high-severity” BPD subgroup than in the “low severity” BPD subgroup (3.06
[6.40] vs. 0.23 [0.63] months; p = 0.003).

Pulmonary Function

Spirometry values were significantly lower in the EP-BPD group than in the other groups (Table 2, Figure
2). There were no statistically significant differences in spirometry between the EP-noBPD and MLP groups.
The percentage of patients with spirometry parameters below the lower limit of normal (LLN) (1.645 standard
deviations below the predicted value) was significantly higher in the EP-BPD group than in the other groups
(Table 2). The unadjusted analysis showed that the percentage of positive results in bronchodilator testing
was higher in the EP-BPD group than in the other groups, but the differences were not statistically significant.

The adolescents in the EP-BPD group had significantly greater air-trapping (represented by the ratio
RV/TLC) than those in the MLP group. There were no differences in the remaining plethysmographic
parameters between groups. DLCO values were significantly lower in the EP groups, regardless of whether
participants had BPD, than in the MLP group. KCO values were also lower in the EP groups, but the
differences only reached significance between the EP-NoBPD and MLP groups (E-table 2).

In the adjusted regression models, the percentage of positive results in bronchodilator testing became sig-
nificantly higher in the EP-BPD group than in the other groups (E-table 3). In addition, RV/TLC was
significantly higher in the BPD group than in the EP-noBPD group (E-table 4). Moreover, pulmonary
function differences between groups remained similar to those found in the unadjusted analysis.

The adolescents in the “high severity” BPD subgroup had significantly worse spirometry results than those
in the “low severity” BPD subgroup, but there were no differences in lung volume or diffusion measurements.

6



P
os

te
d

on
A

u
th

or
ea

1
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

15
74

86
.6

68
01

98
5

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

These 2 subgroups were comparable in terms of GA and birth weight (E-table 5).

Respiratory Morbidity and GAN Questionnaire

Throughout early follow-up, respiratory morbidity (inhaled corticosteroids [?] 3 consecutive months and/or
respiratory-related hospitalizations) was higher in the EP-BPD group than in other groups (Table 1). In
addition, respiratory morbidity differed between the “high severity” and “low severity” BPD subgroups (E-
table 5). Moreover, the prevalence of lifetime wheezing episodes was higher in the adolescents with BPD
than in other adolescents, but differences only reached statistical significance between EP-BPD and MLP
groups after adjusting for potential confounders. We found no significant differences between groups either
in current asthma prevalence or in the remaining key questions of the GAN questionnaire (Table 3). There
was no association between BPD severity and asthma symptom prevalence (E-table 5).

Quality of Life

There were no significant differences either in the total scores or in the subscales of the Kiddo-KINDL?
questionnaire between groups (Table 4). The adjusted model (controlled for allergic sensitization, sex,
parental history of asthma and atopy, and parental smoking) found similar findings. Quality of life total
scores were also similar between the “high” and “low severity” BPD subgroups (E-table 5).

DISCUSSION

Pulmonary Function

Pulmonary function has been investigated extensively in patients with BPD at various ages, and the findings
have led to a better understanding of the nature of the disease2,3,19.BPD prognosis has improved considerably
over the last decades owing to advances in neonatal care, and infants who develop “new” BPD are much
more immature7. Therefore, long-term pulmonary function is expected to be different between patients with
“new” and “classic” BPD.

Spirometry/Pulmonary Volumes

Previous studies showed that adolescents who developed BPD in the pre-surfactant era had greater air-
flow limitation and air-trapping than EP adolescents without BPD and full-term control individuals; these
differences tended to persist over time2,3.

With regard to adolescents born in the post-surfactant era, there is less information available, and only
a few have reached adulthood20. Available data show that differences between children with BPD aged 6
to 12 years and full-term controls are similar to those observed previously2. However, studies comparing
pulmonary function between EP children aged 6 to 12 years with and without BPD have shown somewhat
contradictory findings. Some studies reported that those with BPD had greater airway obstruction and air-
trapping21-25, while other studies found no differences in either spirometry or pulmonary volumes between
EP children with and without BPD18,23,24. This study focused on 14-year-old adolescents who developed
BPD in the post-surfactant era. We found that they had greater airflow limitation and air-trapping than
EP adolescents without BPD and MLP adolescents2,3. The differences between the EP adolescents with
and without BPD suggest that BPD is associated with deficits in pulmonary function in addition to the
complications related to prematurity itself. Notably, most adolescents with BPD in our study had mild
pulmonary function deficits, and even patients in the “high severity” BPD subgroup reached acceptable
results. Despite this, further follow-up is necessary to assess the long-term consequences of early lung injury,
particularly in patients with spirometry values below the LLN who usually experience more severe forms of
BPD. Indeed, it is possible that BPD is linked to the development of chronic obstructive pulmonary disease
in adulthood4.

Interestingly, we found that spirometry values were within the normal range in most adolescents in the
EP-noBPD group, and the findings suggest that the lung may be able to resume its growth and alveolar-
ization process after disruption caused by premature birth, although the recovery might not be completely
achieved26. These results differ from those reported by Fawke et al. 21, who showed a slightly higher deficit
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in lung function in EP-noBPD adolescents. This discrepancy may be due to the differences in participants’
age and clinical characteristics. The patients in Fawke et al.’s21study were 11 years old with a mean GA of
25 weeks, and the patients in our study were 14 years old with a mean GA of 27 weeks.

Bronchodilator response

Consistent with the findings in other studies18,21,23,27, the EP adolescents with BPD in our study showed
a greater bronchodilator response than those without BPD after adjusting for potential confounders. In
addition, studies also found that EP children and adolescents had a greater bronchodilator response than
full-term controls18,21. However, we only found positive bronchodilator test results in 16% of the adolescents
with history of BPD.

A lack of correlation between the degree of bronchial hyperresponsiveness and atopy and normal levels of
exhaled nitric oxide has been documented in EP children and adolescents18,28. Therefore, it is thought
that EP children and adolescents have no eosinophilic airway inflammation, as observed in typical asthma
patients. Instead, airway obstruction might be related to structural changes due to immaturity and perinatal
pulmonary damage induced by ventilation and prolonged use of oxygen. Over time, these changes could
lead to fixed or irreversible airflow obstruction, which would explain the low rate of positive results in the
bronchodilator test in our study, as reported by other studies18,21,28. Thus, BPD and asthma share some
similarities in clinical manifestations and lung function, although they differ in the pathogenesis of bronchial
obstruction.

Lung diffusion

Previous studies in the pre-29,30 and post-surfactant era18,22,24 have reported significantly lower values of
DLCO and KCO in EP children and adolescents than in full-term controls. Similarly, we found that the above
parameters were lower in the EP adolescents with or without BPD than in MLP adolescents. The reduction
in diffusion capacity is probably a consequence of the arrest of lung development and reflects a decrease in
the surface area for gaseous exchange. Lung parenchymal injury and vascular disease should lead to a more
significant decline in diffusion capacity in patients with BPD. However, as observed in our study, diffusion
capacity does not always differ between EP patients with and without BPD18,24; in addition, changes in the
diffusion capacity tend to persist over time.31

Moderate-Late Preterm Adolescents

Some studies showed no differences in spirometry between MLP adolescents and full-term controls32,33, while
others reported poorer results in MLP adolescents34. Regarding lung volumes, MLP children reportedly had
higher RV and RV/TLC values than full-term controls, although the values were within the normal range35.
Our study found that pulmonary function tests were normal in most MLP adolescents, although around 12%
showed FEV1/FVC values below the LLN. Notably, although impaired lung function is common in MLP
infants early in life36, lung function tends to improve over time32,37.

Respiratory Morbidity / Quality of Life

Despite lung function impairment, the prevalence of current asthma symptoms in adolescents with BPD
was not different from that in other adolescents, although our study was not powered to find differences
in respiratory morbidity. This finding is consistent with that in a recent review6, and in general, it differs
from that described in adolescents and adults who had BPD in the pre-surfactant era. At that time, these
individuals had greater respiratory morbidity than did controls without BPD2. The clinical improvement
in adolescents with “new” BPD could be explained by “catch-up” alveolar growth and airway repair after
neonatal injury because they experienced less structural damage than did those with “classic” BPD7.

Moreover, the prevalence of current asthma in each group in our study is comparable with that recorded in
Spanish adolescents in the ISAAC Phase III study (10.6%) and is somewhat lower than that in the world
population (14.1%)38. We would like to emphasize that according to ISAAC methodology, the current asthma
prevalence refers to the occurrence of wheezing episodes in the previous year. Therefore, the diagnostic
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approach of asthma-like symptoms in BPD adolescents is not the same as that of typical asthma, although
there may be overlap between the 2 conditions.

The scores of the quality of life questionnaire were similar across all groups, and they were within normal
ranges when compared to the reference scores10. It has been documented that the quality of life is similar
in adolescents who were born very preterm and those who were born full-term39. In addition, a negative
impact of BPD on quality of life in the early years has been demonstrated; however, the scores of EP infants
with BPD do not seem to differ from those of healthy controls as they reach school age and adolescence40.

Strengths and Limitations

This study has several limitations. First, we excluded patients with severe neurological sequelae and other
conditions that could cause further deterioration of pulmonary function and quality of life; therefore, our
results cannot be extrapolated to all EP adolescents. Second, we did not include a control group of adolescents
who were born full-term. Therefore, interpretation of the degree of lung dysfunction and asthma symptoms
is partially limited. Because studies on pulmonary function and respiratory morbidity in MLP adolescents
are limited and the findings are discordant, we considered the inclusion of an MLP group to be appropriate.
Further studies are needed to better understand the repercussions of moderate and late prematurity on
long-term pulmonary development. Third, there was a high percentage of participants with sensitization
to allergens in the MLP group. Although analyses of pulmonary function and respiratory morbidity were
adjusted for this potential confounder, there might be an overestimation of the prevalence of symptoms such
as night-time coughing or lifetime wheezing. However, the prevalence of asthma symptoms in this group
did not appear to be higher than that in the general population. Fourth, considering the variability of
criteria used to define BPD at the time of diagnosis between the centers, the EP-BPD adolescents were a
heterogeneous group. We regrouped the EP-BPD adolescents according to BPD severity into 2 subgroups,
and the main differences between them have been reported. Although the “high severity” subgroup had
higher respiratory morbidity during follow-up and worse spirometry results than the “low severity” subgroup,
the prevalence of current asthma symptoms and quality of life scores in the “high severity” subgroup were
similar to those in the “low severity” subgroup and remaining groups. Fifth, this was not a prospective
study that allowed for real follow-up of patients over time.

The main strength of the study is that it gathered information on lung function, asthma symptom prevalence,
and quality of life in a broad sample of participants with different degrees of prematurity. Given that data
on pulmonary function and respiratory morbidity in adolescents with “new” BPD are still limited, we believe
that the present findings contribute to a better understanding of the underlying mechanisms of this disease.
Since “new” BPD is a constantly moving target that changes over time, further periodical studies are needed
because the number of EP infants who survive is increasing, and continuous advances in neonatal care will
have an impact on long-term outcomes.

Conclusions

The EP adolescents who developed “new” BPD had poorer pulmonary function than the EP adolescents
without BPD and MLP adolescents; however, these adolescents did not have a higher prevalence of asthma
symptoms or a poorer quality of life. Advances in neonatal care are leading to milder forms of BPD, and
further research is needed to investigate the long-term outcomes of these patients to better understand their
risk of developing chronic obstructive pulmonary disease in adulthood.
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