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ABSTRACT COPD risk is jointly determined by fetal lung development, lung growth rate and lung
growth duration leading to the maximally attained level of lung function in early adulthood.
Bronchopulmonary dysplasia (BPD) is considered a developmental arrest of alveolarisation. Long-term
outcome studies of adult survivors born before the introduction of surfactant therapy (“old BPD”) showed
impaired lung function. We aimed to predict adult lung function and lung density in a cohort of
premature infants born in the surfactant era, representing “new BPD”.

We studied a cohort of young adults born between 1987 and 1998, with (n=36) and without (n=28)
BPD, treated in a single centre. Their perinatal characteristics and pulmonary function in infancy were
studied by regression analysis for correlation with adult lung function and tissue lung density, all expressed
by z-scores, at a mean age of 19.7±1.1 and 21±2.2 years, respectively.

Although BPD adults had on average lower forced expiratory volume in 1 s (zFEV1)/forced vital
capacity (FVC) and zFEV1 than those without, 55% of the BPD group had zFEV1/FVC values above the
lower limit of normal (LLN). Moreover, above LLN values of diffusing capacity of the lung for carbon
monoxide (zDLCO) was present in 89% of BPD adults and lung density in 71%. Only higher oxygen supply
(FIO2) at 36 weeks post-conception of BPD subjects had a trend with lower zFEV1 (B=−6.4; p=0.053) and
lower zDLCO (B=−4.1; p=0.023) at adulthood.

No statistically significant predictors of new BPD were identified.
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Introduction
Bronchopulmonary dysplasia (BPD), also known as neonatal chronic lung disease [1] remains the most
common long-term pulmonary complication of prematurely born infants. They often require prolonged
respiratory support during the first year of life [2]. Improvements in neonatal respiratory care did not
decrease prevalence [3, 4]. Histological analysis of human and animal lung tissue of BPD showed an arrest
of alveolarisation [5, 6], leading to abnormal lung parenchyma [2]. These are reflected by impaired
pulmonary function measured already in infancy [7, 8]. Long-term studies suggest that BPD subjects have
decreased forced expiratory volume in 1 s (FEV1), at mid-childhood and early adolescence [9–16], which
may become permanent later in life. Airflow limitation may also be due to reduced pulmonary elastic
recoil resulting from the disordered development of the acinus. Lung parenchymal changes have been
shown in young adult survivors of BPD by computed tomography of the chest [10], and suggest that BPD
may be an important risk factor for COPD at adult age [17]. Most studies include young adults with BPD
born before surfactant replacement therapy became standard care, classified as “old BPD”. Furthermore,
these studies are cross-sectional providing no information on their pulmonary function in early life,
precluding a better understanding of the natural course of BPD. Clinical trials performed between 1987
and 1994 have proven that surfactant therapy is effective in improving the immediate need for respiratory
support and the clinical outcome of premature newborns as reported by a Cochrane analysis in 2000 [18].

The aim of the present study was to define factors of perinatal characteristics and pulmonary function in
infancy that predict adult lung function and density in a cohort of young adults born with BPD in the
surfactant era (“new BPD”) at Leiden University Medical Centre between 1987 and 1998.

Study subjects
The Medical Ethics Committee of Leiden University Medical Centre approved this ongoing study and
informed parental consent was obtained for the participation of the infants. This cohort was previously
described by MERTH et al. [7] and included infants with and without hyaline membrane disease (HMD)
during the first year of life. Inclusion of infants to the study population continued until 1998. Eighty-six
subjects were enrolled between 1987 and 1998 (figure1). Twenty-four were healthy prematurely (HP) born
infants, 19 developed HMD without BPD and 45 were diagnosed as BPD if supplemental oxygen at
36 weeks of gestation was required [19] with typical radiographical changes and chronic dyspnoea [7]. As
clinical data of HP and HMD groups revealed no statistically significant differences between them
(supplementary material table S1), all data of these two groups were combined to qualify as non-BPD. The
perinatal characteristics and characteristics for gestational corrected age (GCA) of 1 year of the
participants are summarised in table 1.

The subject characteristics of the cohort at young adulthood are summarised in table 2.

Study design
At the age of 19 to 25 years, all subjects from our cohort were invited to our outpatient department for an
evaluation of their respiratory status. Figure 1 depicts recruitment of the participants. After taking a
history of symptoms and a Saint George’s Respiratory Questionnaire (SGRQ), we measured pulmonary
function and lung density by computed tomography (CT) scan of the chest on a single day. Those born
prematurely but with no diagnosis of BPD participated as controls.

Methods
Respiratory support during the neonatal period
Mothers received corticosteroids intra-muscularly ante partum if admitted on time to the hospital before
delivery. Surfactant (Curosurf™) was administered if indicated. A course of dexamethasone was prescribed
to infants at risk to develop BPD, according to a protocol used at the Neonatal Intensive Care Unit. Both
the level of maximum positive inspiratory pressures (PIPmax) during mechanical ventilation and the
fractional concentration of oxygen (FIO2

) in ambient air at the post-conceptional age of 36 weeks were
registered. Oxygen was administered to the spontaneously breathing infant, either in an incubator
(Air-Shields C200 (Europe) GmbH, Germany) or in an oxygen tent (Croupette, Air-Shields (Europe)
GmbH, Güdingen, Germany). FIO2

was determined by an oxygen concentration analyser (OxyCheck II
Model 2015; Critikon GmbH, Norderstedt, Germany) positioned next to the infant’s face. The FIO2

was
tailored to achieve transcutaneous O2 saturation (Pulse Oximeter, Type 1.1.9.0; Nellcor Inc, Hayward, CA,
USA) in the range 92–98% (table 1). Four patients received oxygen supplementation through a
nasopharyngeal cannula [20]. However, their FIO2

could not be defined accurately, hence they have been
excluded from the multiple regression analysis.
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Lung function at the age of 1 year, corrected for gestational age
Infant pulmonary function tests included functional residual capacity, respiratory system compliance and
mixing efficiency as described previously [7]. Results presented in the publication by MERTH et al. [7] were
supplemented with subjects identified thereafter. Details are shown in table 1.

Lung function and density at young adulthood
Each subject had all assessments at adult age performed on the same day. Lung function was assessed
according to the ATS/ERS recommendations [21, 22], using Jaeger Masterscreen PFT-Pro and Jaeger
Masterscreen CS functional residual capacity (FRC). About 15 min before spirometry, all participants had
inhaled 400 µg salbutamol. Results of spirometry (FEV1, FVC), lung volumes (FRC, residual volume (RV),
total lung capacity (TLC)), using helium dilution and CO diffusing capacity, using the single-breath
method, are expressed as z-scores obtained by prediction equations, as recommended [23, 24]. In three
BPD subjects the flow–volume curves of spirometry did not meet the European Respiratory Society/
American Thoracic Society quality criteria and were excluded from further analysis. The same applied to
the diffusing capacity of the lung for carbon monoxide (DLCO) measurement of one BPD subject. The
status of the terminal airways reflected by ventilation distribution was assessed by the mixing efficiency
(ME), calculated from the helium wash-in curve as the ratio of the ideal to the actual number of breaths to
achieve 90% of the final helium concentration [25]. In one subject of the BPD group, this test could not be
applied. To assess parenchymal alveolar tissue, lung density was quantified by CT scanning of the chest
without contrast enhancement (Toshiba Aquilion, 64 detector rows, with the following scan protocol:
135 kVp, 40 mA, rotation time 0.5 s, collimation 64×0.5 mm, detector pitch 1.5; reconstruction kernel

TABLE 2 Subject characteristics at adulthood

Non-BPD group (n=28) BPD group (n=36) Missing p-value

Smoking 4/28 (14%) 7/36 (19%) 0 0.74
Age at lung function testing years 21.0±2.5 19.7±1.1 0 0.0077
Weight kg 68±12 69±19 0 0.89
Length cm 177±10.3 174±10 0 0.21
BMI kg·m−2 21.7±2.8 22.6±4.9 0 0.38

Data are presented as mean±SD or n/N (%), unless otherwise stated. BPD: bronchopulmonary dysplasia;
Smoking: ever-smoking (yes=1, no=0); BMI: body mass index kg·m−2.

TABLE 1 Perinatal characteristics and at gestational corrected age (GCA) of 1 year

Non-BPD group (n=28) BPD group (n=36) Missing (BPD/non-BPD) p-value

Male 18/28 (64%) 24/36 (67%) 0 0.84
Weeks of pregnancy 31.0±2.6 28.2±2.3 0 <0.0001
Birth weight g 1484±440 1059±334 0 <0.0001
Birth weight percentiles 52.5±29.6 51.6±31.3 0 0.91
Surfactant therapy 11/28 (39%) 21/36 (58%) 0 0.13
Prenatal dexamethasone# 7/28 (25%) 16/36 (44%) 0 0.11
Postnatal dexamethasone 0/28 (0%) 20/36 (56%) 0 <0.0001
HMD 14/28 (50%) 27/36 (75%) 0 0.036
PIPmax 8.2±10.9 24.7±7.5 5/5 <0.0001
FIO2

at 36 weeks 0.21 0.29±0.08 6/0 <0.0001
GCA at lung function testing months 9.7±3.8 10.4±3.0 1/1 0.47
CHL at lung function testing cm 71±9 71±7 2/1 0.73
FRC z-score for CHL 0.05±1.03) 0.37±1.31 2/1 0.30
Compliance z-score for CHL 0.32±1.03 −0.56±0.82 3/1 0.0005
Mixing efficiency % 56±10 43±17 2/2 0.0012

Data are presented as mean±SD or n/N (%), unless otherwise stated. Mean weeks of pregnancy and mean birth weight were significantly
different between groups. GCA in months for some patients was less than 12 months because they could not be tested at GCA 12 months.
Mean PIPmax: mean maximum positive inspiratory pressure during mechanical ventilation in cmH2O; mean FIO2

at 36 weeks: fractional inspired
oxygen concentration in ambient air at post-conceptional age of 36 weeks; GCA: gestational corrected age; BPD: bronchopulmonary dysplasia;
CHL: crown–heel length; HMD: hyaline membrane disease; PIPmax: maximum positive inspiratory pressure; FIO2: inspiratory oxygen fraction.
#: Prenatal dexamethasone was administered ante partum to mothers if admitted on time before delivery to the hospital.
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FC12, slice thickness 5 mm, with increment 2.5 mm). The resulting images were analysed by PULMO
software (version 2.2. Medis Specials, Leiden, the Netherlands), to calculate the total lung volume and the
15th percentile lung density (PD15). The PD15 values were automatically compared with a database of 76
healthy subjects with normal lung function and CT appearance, resulting in a so-called standard mass
score (SMS), defined as the z-score for the volume-corrected normal lung density [26].

Respiratory symptoms at adult age were scored by the SGRQ. A score of 22.62 was considered the 95th
percentile of normal [27]. Two subjects (one BPD and one HP) did not fill in the questionnaire.

Statistical analysis
We used IBM SPSS Statistics version 25 software (IBM, Armonk, USA). Categorical clinical variable
differences between groups of baseline data have been tested with Chi-squared test and ANOVA has been
used for the numerical clinical variables. ANCOVA was used to test differences between the BPD and
non-BPD group, while adjusting for additional numeric variables. All variables were plotted to verify
normal distribution. Homogeneity of variances between the two groups was tested by Levene’s test. We
analysed covariates “ever-smoking” and percentile birth weight after statistic verification of independence
of the covariates and testing homogeneity of regression slopes. Outcomes calculated as significantly
impaired at adult age in the BPD group compared to the non-BPD group were selected and further
studied to identify predictors of BPD outcome at adulthood. Univariate linear regression models were used
to determine whether values of pulmonary function at GCA 1 year predict impairment of these parameters
at adult age of the BPD group. Next, we used multiple linear regression analyses to determine whether
perinatal parameters correlated with selected outcomes at adult age within the BPD group. Four perinatal
parameters were empirically chosen on best presumed correlation with lung function and structure at
adult age. In multiple regression, imputation was used for missing data. However, FIO2

at 36 weeks could
not be imputed, as four subjects received another method of oxygen administration (i.e. nasopharyngeal
cannula) because of their improved clinical condition, still fulfilling the criteria for BPD (supplementary
material figure S1). Two patients had a missing FIO2

value at 36 weeks. In all analyses Bonferroni
correction was used to correct for multiple testing.

Patients
participated in

lung function testing
at GCA 1 year

(n=86)

Patients enrolled for
assessment in
adulthood also

tested in infancy
(n=62)

Patients enrolled for
assessment in

adulthood
(n=64)

No spirometry (n=3)
No He dilution method (n=1)
No DLCO test (n=1)
No SGRQ (n=2)

No particpation (n=24)
  Diseased (n=2)
  Unable to participate due to severe handicap (n=3)
  Moved abroad (n=3)
  Not interested (n=3)
  No response to repeated study invitations (n=13)

Included in adulthood
  Not able test in infancy due to severity
    of BPD (n=1)
  Healthy pre-term included in adulthood
    (n=1)

FIGURE 1 Patient disposition. Flow chart of the participants. Seven healthy prematurely (HP) born infants could not be located for the study.
However, one subject, who was not measured in infancy, could be included in the adult group. Three refused to participate and one moved abroad
leaving 14 HP participants. Of the hyaline membrane disease (HMD) subjects, 5 could not be located at adult age leaving 14 HMD participants. Of
those with bronchopulmonary dysplasia (BPD), 2 passed away during infancy, 2 could not be located, 2 have moved abroad, 3 refused to
participate and 3 were severely mentally handicapped, precluding them to participate at adulthood leaving 36 BPD participants. As clinical data of
HP and HMD groups revealed no differences (supplementary table S1), all data of these two groups were combined to qualify as non-BPD
(non-BPD, n=28). Thus, in total, 28 non-BPD served as controls and 36 BPD subjects were analysed in the study. All HP subjects were White
except for one from Indonesia and two from North African, one HMD and one BPD subject was from Indonesia.
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Results
The characteristics of study subjects at birth and at for GCA of 1 year are shown in table 1. Subjects with
BPD had a shorter gestational age: 28.2±2.3 (mean±SD) weeks and a lower birth weight: 1059±334 g, than
those in the non-BPD group: 31.0±2.6 weeks and 1484±440 g, respectively. The mean percentile birth
weight was not significantly different. There was a male predominance in both groups: 67% and 64%,
respectively. Mean z-score of compliance and values of ME were significantly lower at 1-year GCA in the
BPD infants than in the non-BPD infants. At follow-up as young adults, BPD subjects were examined at a
mean age of 19.7±1.1 years and those without BPD at a mean age of 21±2.2 years (table 2).

Young adults with a history of BPD had on average significantly lower zFEV1 and zFEV1/FVC, (figure 2),
(supplementary table S2) than non-BPD adults. However, 18 of 33 subjects in the BPD group (55%) had a
zFEV1/FVC above the lower limit of normal (LLN), of whom 16 had a zFEV1 (figure 3) above the LLN,
while those with a reduced zFEV1/FVC (n=15 of 33) had a mean zFEV1 of −3.09, (−4.89 to −1.22, min to
max). In the non-BPD group only three subjects had a zFEV1/FVC below the LLN, of whom two had
airflow limitation (zFEV1: −1.67 and −1.68).

Static lung volumes were not statistically significantly different between the two groups, neither as infants
nor as young adults (supplementary table S2). BPD adults had on average a significantly lower diffusing
capacity (zDLCO) and lung density (SMS) than those of non-BPD. Nonetheless, a significant number of
BPD adults had gas transfer (n=32/36) and lung density (n=25/35) above the LLN. The BPD group had a
significantly higher SGRQ score, than subjects without BPD (supplementary table S2), although both
scores were well within the normal range. Three of the BPD subjects had clinically relevant symptoms,
whereas none of those without BPD.

zFEV1/FVC zFEV1 zFVC

+

zDLCO SMS

–5

0

5
*

z-
sc

or
e

–1.64

1.64

* * *

FIGURE 2 Spirometry, gas exchange and lung density at young adulthood. Box plots for lung function
parameters of 28 non-BPD subjects (dark box) and 36 BPD subjects (light box) who had spirometry, gas
transfer and lung density measured. *: significant difference between groups after correction for birth weight
and smoking history (p<0.005);. +: outlier.

zFEV1/FVC < –1.64 zFEV1/FVC > –1.64

–4

zF
EV

1

–1.64

1.64

0

–6

FIGURE 3 Distribution of forced expiratory volume in 1 s (zFEV1) with and without airway obstruction in the
bronchopulmonary dysplasia (BPD) group. In the BPD group (55%) had a normal zFEV1/forced vital capacity
(FVC) (defined by z-score >−1.64), 16 of whom had a zFEV1 above the lower limit of normal (LLN), while those
with a zFEV1/FVC below the LLN (n=15 of 33) had a mean zFEV1 of −3.09, (−4.89 to −1.22, min to max).
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Multiple regression analysis using four perinatal factors of BPD subjects revealed that zFEV1/FVC of BPD
adults tended to be predicted by birth weight (B=−0.0023; p=0.0091). BPD subjects with the highest need
for supplemental oxygen (FIO2

) at 36 weeks after conception tended to have the most severe airflow
limitation and the lowest zFEV1/FVC (figure 4) at young adult age, although this was not statistically
significant after correction for multiple testing. The adjusted p-values of the likelihood ratio test after
multiple testing correction are shown in table 3.

Furthermore, univariate linear regression analysis showed that pulmonary function in infancy was neither
statistically significantly associated with respiratory function and lung density nor with respiratory
symptoms in young adults with a history of BPD (supplementary table S3).

Discussion
To our knowledge, this is one of few reports currently available on outcome of respiratory function,
including spirometry, gas transfer and lung volumes, combined with quantitative lung tissue analysis at
young adulthood of infants with BPD who were prematurely born in the surfactant era. Moreover, results
of their pulmonary function in infancy are included for the first time in such a study. In contrast to
previous reports [12–14, 16], our BPD subjects represent the “new BPD” [2]. We hypothesised that
outcomes at young adulthood could be predicted by analysis of perinatal characteristics or pulmonary
function in infancy, with measurements at an age when the lungs are close to having reached maximal
growth in the same individual. This was, however, not born out of our findings.

0.2 0.40.3 0.5 0.6
–6

–4

–2

0

2

FIO2
 36 weeks GCA %

zF
EV

1

FIGURE 4 Relation between inspiratory oxygen fraction (FIO2
) at 36 weeks of gestational corrected age (GCA)

and forced expiratory volume in 1 s (zFEV1) or zFEV1/forced vital capacity (FVC) at adulthood. Airflow
limitation (zFEV1) and airway obstruction (zFEV1/FVC) in 29 NCLD adult subjects in relation to the FIO2

at
36 weeks after conception measured while treated with oxygen administered to the spontaneously breathing
infant, either in an incubator or in an oxygen tent. Regression analysis for zFEV1 revealed B=−6.4, with
p=0.053, and B=−3,2, with p=0.29 for zFEV1/FVC.

TABLE 3 Regression analysis of perinatal parameters on outcomes in adult BPD

zFEV1/FVC zFEV1 zDLCO SMS SGRQ

FIO2 36w (B (p)) −3.2 (0.29) −6.4 (0.053) −4.1 (0.023) −2.4 (0.36) 3.7 (0.86)
Prenatal dexa (B (p)) −0.64 (0.24) 0.19 (0.74) 0.56 (0.069) −0.77 (0.097) 4.2 (0.27)
Birthweight g (B (p)) −0.0023 (0.0091) −0.0015 (0.089) 0.0097 (0.043) 0.0014 (0.075) 0.0065 (0.28)
PIPmax (B (p)) 0.028 (0.51) 0.028 (0.53) 0.0020 (0.93) −0.020 (0.55) −0.093 (0.74)
R2 adjusted (adjusted p-values of likelihood ratio test) 0.20 (0.046) 0.16 (0.081) 0.17 (0.057) 0.13 (0.10) −0.057 (0.67)

Multiple linear regression analyses were used to determine whether neonatal parameters correlated with outcomes at adult age within the
BPD group. None of the dependent variables at adulthood reached a significance level, set at p<0.0025 by Bonferroni correction. zFEV1/FVC,
zFEV1, zFVC, are z-scores for adult lung function outcomes with GLI-references and zDLCO with European Community of Coal and Steel
references. Prenatal dexa: ante partum dexamethasone administered to mothers (yes=1, no=0). BPD: bronchopulmonary dysplasia; FEV1:
forced expiratory volume in 1 s; FVC: forced vital capacity; SMS: standard mass score for lung density; SGRQ: St. George’s Respiratory
Questionnaire; FIO2

36w: fractional inspired oxygen concentration in ambient air at post-conceptional age of 36 weeks; PIPmax: maximum
positive inspiratory pressure during mechanical ventilation in cmH2O; DLCO: diffusing capacity of the lung for carbon monoxide.
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Although young adults with BPD had on average lower airflow, gas transfer and lung density than those
without, these parameters turned out to be above the LLN in a significant number of them, suggesting
recovery of pulmonary functional impairment in a reasonable percentage of survivors of BPD. The repair
of the lungs after BPD occurred despite the use of dexamethasone in 56% of our BPD subjects during the
postnatal period (table 1). Dexamethasone treatment is a well-recognised concern as to its potential to
impede lung growth [28]. Apparently, this is not necessarily happening in all individuals receiving the
drug who survive neonatal lung injury. Of more concern are the BPD subjects in our cohort with on
average significantly lower mean zFEV1, lower zFEV1/FVC, more impaired zDLCO and reduced lung
density (SMS), respectively, compared to our non-BPD subjects, at such a young age, being consistent with
previous reports [9, 11, 16]. Most of the BPD subjects, in contrast to that described during the early years
of childhood [2], had relatively few respiratory symptoms at adult age. Nevertheless, this could worsen
during the decades ahead of them.

The percentage of BPD adults we observed with lung function and lung tissue values above the LLN seem
to contradict reports of lung function impairment in most adults surviving BPD [9–16]. However, part of
these studies [9, 12, 14, 16] included only subjects resembling the “old BPD”, characterised by a different
pathology and pathophysiology [29] than that described after the introduction of surfactant replacement
[30]. While more recent reports included adults representing the “new BPD”, they made up only a small
part of the whole group born before the surfactant era, hence their results may have been concealed [10,
11, 13], except for the BPD group published by VOLSAETER et al. [15] and by DOYLE et al. [31]. VOLSAETER

et al. [15] found in 12 of 26 subjects with “new BPD” a significantly reduced zFEV1 at a mean age of
17.8±0.7 years. DOYLE et al. [31] found in 164 subjects who were born extremely premature or born with
extremely low birth weight that 65 patients had a diagnosis of “new BPD”. At 25 years old, only 22 of
them had expiratory airflows below the fifth percentile. Our results show percentages similar to VOLSAETER

et al. and DOYLE et al.

Airflow limitation at young adult age following BPD is considered a long-term sequel of that measured in
infancy [8]. Respiratory system resistance was high in our cohort during infancy, as their respiratory
system compliance (which is reciprocally related to resistance) was low (table 1) [7]. However,
approximately 55% of subjects of our BPD group had no longer airway obstruction. A significantly
reduced FEV1 in the remaining 45%, on the other hand, reflects probably a loss of tethering of the
terminal airway walls at their most distal end of the bronchial tree because of reduced pulmonary elastic
recoil [2]. This is suggested by a significantly decreased lung density frequently present in early-stage
emphysema [32], rendering them at risk for developing COPD [17]. Moreover, a decreased alveolar
surface area of the alveolarisation arrest in BPD [2, 6, 30] may also have led to decreased zDLCO and lung
density.

The severity of BPD is graded by the level of supplemental oxygen required at 36 weeks post-conception
[2]. We hypothesised that the FIO2

at 36 weeks would correlate with outcomes at adult age. Those with the
highest oxygen need at week 36 tended to have the lowest zFEV1 (figure 4), although this was not
statistically significant after correction for multiple testing. Smoking may have contributed to lower
airflows and decreased lung density, although it is unclear to what extent this occurred, because study
subjects could not provide the number of pack-years.

A decreased compliance (in combination with normal FRC) and maldistribution of ventilation [7, 8],
remained the most abnormal findings by the end of the first year of life in most of our BPD infants [7].
These outcomes correspond to the structural changes found in infants who succumbed to BPD [6, 30].
Persistence of such structural parenchymal changes appeared, however, only in a small number of young
adult BPD subjects shown by the zRV/TLC and SMS (figure 2).

In contrast to previous studies which combined lung function and imaging by CT scanning of the lungs of
young adults surviving BPD [9, 11, 16], we assessed lung tissue by chest CT-derived lung density [26]. The
latter provides a quantitative score, whereas a radiological score is qualitative or semi-quantitative. Given
these findings, we consider BPD as one of the contributing factors to COPD in a subgroup of young
adults surviving the disease [15, 17, 33]. However, as indicated above, none of the perinatal characteristics
could predict in whom COPD occurs at young adulthood. Except for subject heterogeneity and a low
power due to relatively small sample size, we cannot explain this.

The reason why lung function and lung density did not improve in about 45% of the BPD cohort in our
study is unclear. We expect that this category of adults will further decline with their lung function later in
adulthood [4]. COPD risk is jointly determined by fetal lung development, lung growth rate and lung
growth duration leading to the maximally attained level of lung function in early adulthood (“the
plateau”), as well as the timing and rate of decline of lung function later in life [34]. Clearly, further
research using longitudinal studies of larger cohorts of BPD infants with “new BPD” is needed to
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determine the role of BPD and the novel strategies to alleviate BPD on lung growth and long-term
respiratory health in adulthood [4].

The strength of our study is the prospective character of a cohort conducted in a single centre providing
availability of detailed perinatal parameters (such as FIO2

) and unique infant pulmonary function results at
GCA of 1 year as starting points for determining the natural course of young adults surviving BPD.
Commitment of parents resulted in a high rate of participation of those with BPD (figure 1).

The limitation of our study is, besides the relatively small number of subjects, the lack of data on
reversibility of pre-bronchodilator airway calibre. However, the aim of lung function assessment was to
detect COPD, not bronchial asthma. The GOLD Guideline for COPD defines the diagnosis as the presence
of a post-bronchodilator FEV1/FVC <0.70 to confirm consistent airflow limitation (www.goldcopd.org).
Exercise capacity of our study subjects would have provided more information about gas transfer. We
preferred to maximise patient participation by limiting the individual testing sessions to 3 h. Hence, we
limited our study protocol to what is presented here. Several BPD subjects in our cohort were not able to
perform the tests properly because of some degree of mental disability, a well-known long-term sequel of
this group of patients [2], which reduced the power of our results. There was a limited willingness of those
who did not develop BPD to participate, probably because of lack of pulmonary symptoms and this may
have introduced a selection bias.

In conclusion, neither perinatal characteristics, nor infant pulmonary function at 1-year corrected age
could predict outcomes of adult lung function and density in this cohort of young adults who survived
BPD. In approximately 45% of young adults who survived BPD, we observed airflow limitation, decreased
gas transfer and decreased lung density, rendering them at risk of developing COPD. However, lung
function and lung density was above the LLN in a significant sample of adult BPD survivors born after the
introduction of surfactant replacement therapy. These findings suggest that generation of normal
peripheral lung tissue may take place in the course to adulthood after premature birth with BPD [35].
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