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Chronic Obstructive Pulmonary Disease
and Bronchopulmonary Dysplasia: Common Mechanisms

But Distinct Manifestations?

Enid R. Neptune, M.D.

The complex disorders of chronic obstructive pulmonary disease (COPD) and bronchopulmonary dysplasia (BPD)
are common, costly, and clinically burdensome. Both lung disorders develop after complex injurious triggers and
can result in significant lung disease and disability. Similarities in their lung pathology and injury measures
suggest common pathogenetic mechanisms. Evidence exists for both common molecular triggers and for injury-
by-age interactions that may confer distinct end pathology. An emerging concept is that BPD may be a predis-
posing pathology for COPD development in late life. Future studies focusing on this provocative connection
between BPD and COPD may translate into novel ameliorative and regenerative therapies for both disorders.

Why Compare Chronic Obstructive Pulmonary
Disease and Bronchopulmonary Dysplasia?

Chronic obstructive pulmonary disease (COPD) and
bronchopulmonary dysplasia (BPD) are common pul-

monary disorders of complex origin that are associated with
significant morbidity, mortality, and medical costs.1,2 COPD,
a chronic inflammatory lung disorder usually caused by
heavy cigarette smoke exposure ( > 20 pack-year), is the
fourth leading cause of death in the United States affect-
ing > 12 million persons.3 BPD, the most common chronic
lung disease in infancy, is a disease of prematurity, affecting
10–15,000 neonates per year in the United States, frequently
leading to acute and chronic respiratory morbidity and
overall disability.4,5 In the postsurfactant era, BPD is punc-
tuated by airspace enlargement with inflammation but
minimal fibrosis, the latter feature distinguishing the new
BPD from the old BPD. Although much research into COPD
and BPD utilizes animal models, we largely restrict our
discussion here to human studies. Further details about the
pathogenetic mechanisms involved in BPD development are
elegantly presented in the accompanying Aucott review.6

This review will focus on 2 issues:

1. Could the commonalities between the diseases reflect a
common molecular trigger(s) or common defect in repair?

2. Could the phenotypic differences reflect the timing of
the injury: neonatal versus adult contexts?

Evidence for Common Molecular Triggers or
Defects in Repair

Both COPD and BPD are disorders of the distal lung
compartments. COPD affects 2 major lung compartments, the

bronchioles (distal airways) and the alveoli (airspace) culmi-
nating in the dual pathologies of small airway obstruction and
alveolar septal loss. A prominent inflammatory component
accompanies the injury likely escalating and perpetuating
the damage. Although chronic exposure to cigarette smoke is
the most common trigger, inflammation and oxidative stress
continue despite cessation of smoking, suggesting a self-
perpetuating pathogenic mechanism.7,8 BPD results from the
combined insults of prematurity, manifest in an underdevel-
oped lung, and a second hit, which can range from infec-
tion (amnionitis, pneumonia, and bronchiolitis) to ventilator-
induced lung injury (reviewed in Ref.4). The classic lung pa-
thology of BPD in the postsurfactant era is a defect in alveolar
formation with a reduction in internal surface area, vascular
dysmorphology, and mild inflammation.9 Thus, the triad of
complex inciting injury, airspace enlargement, and distal lung
inflammation is evident in both diseases.

Mechanism 1: Oxidant injury

A unifying pathogenetic scheme for both COPD and BPD
is oxidant injury.10 Oxidative stress occurs when oxygen free
radical production exceeds the ability of an organ or tissue to
mount a sufficient antioxidant response. In the case of
COPD, cigarette smoke contains active oxidants that directly
injure the distal airway and airspace. The consequent in-
flammation further enhances the oxidative burden. Several
studies show evidence of increased oxidative stress in
smokers and/or persons with COPD.11–13 However, the
multiple antioxidant trials in COPD patients, although pla-
gued by methodological problems, have not shown consis-
tent evidence of benefit with respect to lung function.14,15

There is a suggestion of reduced exacerbations with the use
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of N-acetyl cysteine, an antioxidant and mucolytic. However,
without the advantage of a large randomized, controlled trial
of one or more antioxidants, the true value of targeting ox-
idant injury cannot be determined. Another concern is
whether systemically administered antioxidants have suffi-
ciently high levels in the lung parenchyma to attenuate the
oxidant injury.

Compelling clinical data suggest that oxidant injury is a
critical initiator and/or mediator of BPD.16,17 Because pre-
mature birth effects an early transition from the relatively
hypoxic in utero environment to the normoxic postnatal mi-
lieu, an attendant induction of significant oxidative stress
occurs.18 Several factors contribute to the oxidant burden,
including a relative underproduction of local antioxidants
and active inflammation.19,20 Samples from lungs of prema-
ture infants who develop BPD display elevated levels of
biomarkers of oxidative stress.21 Supplemental oxygen
treatment in the perinatal setting contributes to further en-
hancement of oxidative stress. We found that early postnatal
oxidative stress in a murine model of BPD, the TSK mouse,
induced both cell death and airspace enlargement.22 Further,
antioxidant treatment markedly attenuated airspace en-
largement, suggesting that early antioxidant treatment might
have therapeutic effects. A randomized trial of recombinant
copper/zinc superoxide dismutase, an antioxidant highly
expressed in the lung, in *300 premature infants showed
no reduction in the incidence of BPD but did demonstrate
a reduction in wheezing, emergency room visits, and re-
spiratory hospitalizations at 1 year.23 Smaller trials of N-
acetylcysteine and allopurinol (xanthine oxidase inhibitor)
similarly showed no effect on predischarge lung function or
incidence of BPD, respectively.24,25 Although these trials
yielded negative results, concerns about suboptimal antiox-
idant effects in the distal lung, as noted above, and the rel-
atively short follow-up periods in the published studies serve
to maintain interest in devising more effective strategies for
targeting oxidative stress in BPD.

An important difference in the oxidant stress of COPD
and BPD is the timing of the insult. Most studies in prema-
ture infants suggest that the maximal stress is early, within
the first week of postnatal life, and then resolves secondary
to a responsive increase in the local antioxidant milieu.26,27 In
COPD, by contrast, the oxidative stress seems to be chronic
and low level. Whether this reflects a suboptimal antioxidant
response or chronic stress conferred by cigarette smoke (CS)
and inflammation is unknown. Of note is that despite the
general presumption that oxidative stress accompanies
COPD and BPD, no standardized diagnostic assay to mea-
sure this stress has been developed. Therefore, the ability to
subphenotype patients into those with high versus low oxi-
dant stress for targeted interventions remains a therapeutic
obstacle.

Mechanism 2: Accelerated cell death

Impaired formation or destruction of alveolar septae can
result from resident epithelial or endothelial cell death.
Several groups report evidence of enhanced cell death in the
airspaces of patients with COPD.28–30 Inhibition of an en-
dothelial survival pathway, vascular endothelial growth
factor (VEGF) signaling, induces both endothelial cell death
and airspace enlargement in an adult murine model, sug-
gesting a causative role of cell death in emphysema patho-

genesis.31 Intratracheal administration of other inducers of
cell death similarly causes airspace enlargement.32–34 Despite
these data, whether cell death in human COPD is a critical
element of disease development or an ancillary effect of
cigarette smoke exposure is unknown. To complicate mat-
ters, phagocytosis of apoptosing cells in the alveolus may be
impaired by chronic cigarette smoke exposure, creating
misleading evidence of enhanced cell death.35 Less is known
about cell death in BPD. May et al. found increased numbers
of both apoptotic and proliferating cells in autopsy speci-
mens from BPD lungs compared with stillborn controls.36

Another study showed a reduction in epithelial apoptosis
commensurate with lessened inflammation and injury in
lung tissue from BPD patients treated with antenatal steroids
compared with untreated controls.37 Neonatal hyperoxia in
mice, a model of BPD, can also produce modest levels of
alveolar cell death.38 Common mechanisms of cell death
have been proposed in COPD and BPD. As stated above,
inhibition of VEGF signaling impairs airspace formation (eg,
BPD pathology) and homeostasis (eg, COPD pathology) in
animal models presumably via the loss of the endothelial
survival effects of VEGF signaling. Similarly, the enhanced
transforming growth factor beta (TGFb) signaling reported
in human BPD and in some studies of COPD can have
proapoptotic and antiproliferative effects in the airspace
epithelium and may contribute to epithelial apoptosis.39,40

Despite such suggestive data, the role of apoptosis in the
development of airspace enlargement in either disorder re-
mains unresolved. Moreover, as there are no studies corre-
lating differences in cell death with clinical outcomes,
whether increased cellular turnover is an important patho-
genic mechanism or a manifestation of generic tissue injury is
unknown.

Mechanism 3: Inflammation

Inflammation assumes a critical though complex role in
the progression of both BPD and COPD. Chronic inflam-
mation comprised of innate immune cells, macrophages,
dendritic cells, and lymphocytes is a well-described ele-
ment of COPD pathogenesis. Cigarette smoke induced cell
death, oxidative stress, and cytokine induction culminate in
the influx and expansion of these cells in the distal lung
creating a self-sustaining cycle of inflammation and tissue
injury. Antiinflammatory treatments such as inhaled and
parenteral steroids are foundational components of the
COPD treatment armamentarium. These agents not only
reduce breathlessness and frequency of infectious exacerba-
tions, but may in selective circumstances slow lung function
decline.41 Pulmonary inflammation can accompany BPD but
is usually seen in the setting of triggering infections such as
prenatal chorioamnionitis or nosocomial infection or me-
chanical ventilation.42 Some have postulated that the in-
flammatory component, by enhancing oxidative stress and
promoting tissue injury, is critical to the pathogenesis of
BPD.43 Both Merritt and Groneck found that premature in-
fants at highest risk of BPD showed elevated chemokine
levels and neutrophil elastase activity, both markers of in-
flammation, in tracheal aspirate fluid.44,45 Steroids are fre-
quently used in the perinatal setting to accelerate lung
maturation for impending preterm delivery. In the postnatal
setting, however, the anti-inflammatory effects of steroids
are pursued but not consistently demonstrated. In fact, while
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enhancing the differentiation of alveolar epithelial cells, ste-
roid treatment inhibits alveolar septation, culminating in a
reduced surface area for gas exchange.46 These complex ef-
fects of steroids confound clear evidence of clinical benefit in
the BPD patient. Therefore, whether the anti-inflammatory
effects of steroids contribute to protective or restorative ef-
fects on lung architecture and function in the premature in-
fant is not well established.

Mechanism 4: Defect in lung repair

The constant exposure to environmental toxins and am-
bient oxygen virtually insures chronic low level oxidant
stress in the lung. Also, despite generalized pulmonary in-
flammatory insults such as multilobar pneumonias and se-
vere acute lung injury, lung architecture is frequently
restored. Thus, the lung must harbor robust mechanisms for
tissue maintenance and regeneration despite injury. Why are
not these strategies insufficiently operative in the setting of
COPD and BPD? The delicacy of airspace structure may
make alveolar injuries that affect the matrix scaffold refrac-
tory to full regeneration. Alternatively, the cytokine milieu,
specifically the trophic growth factors that mediate the
multicellular survival agenda in the airspace, may be sub-
optimal in COPD and severe BPD. A trenchant concept is
that the ability of BPD lung to recover, fully or partially,
differs from the COPD lung because of intrinsic age-related
prosurvival mechanisms. This idea is discussed below in the
Injury-by-Age Interactions section. Here, we consider whe-
ther severe BPD, which results in chronic lung disease, is
similar to COPD in manifesting a global impairment in lung
repair. Ligands for receptor tyrosine kinases, such as hepa-
tocyte growth factor (HGF), keratinocyte growth factor
(KGF), and epidermal growth factor (EGF), participate in
tissue repair after a variety of injuries by inducing cell sur-
vival cascades and morphogenic programs that serve to
maintain structural integrity. Abundant data in animal
models show that defects in these pathways contribute to
abnormal lung formation and increased susceptibility to lung
injury.47,48 HGF is locally induced during acute lung injury
in patients, plausibly initiating a repair program.49 Neonatal
rats deficient in HGF signaling display enhanced suscepti-
bility to hyperoxia and HGF treatment protects rats subjected
to neonatal hyperoxia from severe alveolar defects and lung
function abnormalities.50,51 The expression of EGF, HGF, and
its receptor cmet is maintained in the postnatal rodent and
human lung.52–54 Higher concentrations of HGF or KGF in
tracheal aspirate fluid from premature infants is associated
with less severe lung disease and reduced progression to
BPD.55,56 Similarly, lower levels of EGF were observed in the
lung lavage fluid from infants with BPD compared with
controls.52 Thus, the ability to induce EGF and HGF may
confer a critical protective milieu to the developing lung and
thereby be candidate biomarkers for BPD. Confirmation of
these data in larger studies is not as yet available. Although a
defect in lung repair is often invoked to explain the inability
of airspaces to regenerate in the adult COPD lung, the ex-
amination of growth factor pathways as possible molecular
culprits is lacking. A small study of HGF and KGF levels in
lung lavage fluid from COPD patients compared with con-
trols showed a significant increase in HGF levels in the
COPD lungs but no change in KGF levels.57 A recent ex-
amination of tissue repair genes in COPD found that HGF

was downregulated in the airways of patients with severe
COPD compared with controls.58 Thus, whereas data sug-
gest that a defect in growth factor activity contributes to
BPD, the role of growth factors in COPD development or
progression remains to be determined.

Mechanism 5: Enhanced matrix turnover

One of the critical mechanistic links between cigarette
smoke and airspace destruction in COPD is the activation of
enzymes that digest the structural elements of the airspace
such as elastin (metalloproteases and elastases) and arguably
collagen (collagenases) (reviewed in Ref.59). This mechanism,
termed protease-antiprotease imbalance, is well validated in
animal models in which the instillation of elastase into the
lung results in delayed airspace injury with destruction of
septae and in the rare genetic disease alpha-1 antitrypsin
(A1AT) deficiency in which the loss of an inhibitor of neu-
trophil elastase confers increased risk of COPD. Much hu-
man and animal model data suggest exaggerated matrix
turnover in BPD.60–62 Such a mechanism plausibly operates
in the perpetuation of inflammation-associated lung injury
and resistance to repair. Evidence that low antitrypsin ac-
tivity might be reliable risk factor for BPD prompted the
consideration that A1AT supplementation might have a
protective role for BPD.23 Two trials of A1AT augmentation
in premature infants did not show any meaningful protec-
tion from BPD although one demonstrated a reduced inci-
dence of pulmonary hemorrhage in treated patients.63

From a pathologic standpoint, both COPD and BPD share
evidence of elastin fragmentation coupled with exaggerated
elastin deposition.64 This latter finding likely reflects a failed
reparative response with quantitative restoration of elastin
abundance but poor structural reconstitution or maintenance
of alveolar septae. Pathways that promote matrix synthesis,
such as TGFb signaling, are frequently dysregulated in
COPD and BPD.39,65–67 Conversely, proteins that induce
matrix turnover, such as metalloproteases/collagenases, are
often activated in these disorders.61,68,69 This conflation of
increased matrix breakdown and enhanced matrix produc-
tion in these disorders without a clear temporal sequence
creates a therapeutic targeting dilemma. In fact, inhibitors of
metalloproteases, which ostensibly reduce elastin turnover,
show variable efficacy in animal models.70,71 However, there
have been no published clinical studies showing therapeutic
value in COPD or BPD. Similarly pharmacologic inhibitors of
TGFb signaling, which reduce elastin production and pro-
mote epithelial cell survival, attenuate the altered lung his-
tology that results from neonatal hyperoxia, a model of
BPD.72 No trials of TGFb inhibition in COPD or BPD have
been pursued.

Genetic and genomic analyses of COPD and BPD

Genome-wide surveys can identify genetic and genomic
signatures that associate with complex diseases. Do these
signatures overlap in COPD and BPD, diseases known to
have a significant heritable component?73,74 Establishment of
heritability for both disorders is a challenging exercise. BPD
typically occurs in the setting of prematurity and a direct
pulmonary insult. Thus, twin studies with implicit shared
in utero environments complicate the distinction between
common environments and common genetics (discussed in

COPD AND BPD 3



Ref.75). Further, genes that impact on lung development may
appear to confer susceptibility to BPD. COPD studies are
similarly confounded by whether tobacco addiction or im-
paired lung development can be uncoupled from the risk for
COPD development.76,77 Many candidate gene association
studies have been performed for both disorders showing
statistically significant associations but minimal validation.
We have elected not to include such studies here. Further,
ongoing genome-wide association studies with large and
diverse validating populations may provide more persuasive
genetic information about BPD and COPD.

Whereas several genome-wide analyses of COPD have
been performed focusing on either transcriptional signatures
in lung samples or genetic polymorphisms, only small ex-
ploration studies targeting certain pathways or candidate
genes have been pursued for BPD. Small studies show evi-
dence of association of surfactant protein gene polymor-
phisms (surfactant protein A and surfactant protein B) with
respiratory distress syndrome and BPD.78,79 Since surfactant
deficiency is an attractive contributing mechanism for BPD,
these results are especially intriguing. However, these studies
do not establish whether the identified polymorphisms as-
sociate with reduced surfactant levels and whether they are
linked to prematurity rather than BPD. Examination of sur-
factant protein polymorphisms in COPD have yielded con-
flicting data showing no association with surfactant protein
B, a canonical surfactant protein, but a possible association
with surfactant protein D, a member of the collectin family of
anti-inflammatory molecules.76,80 Recently, a prospective
observational study of premature infants to find genes as-
sociated with incident BPD identified polymorphisms in the
gene metalloprotease 16, an endopeptidase that activates a
metalloprotease with elastase function highly abundant in
the lung, metalloprotease 2.81 Importantly, this study vali-
dated expression using rodent models of neonatal lung in-
jury. Regarding COPD, animal models of emphysema invoke
a critical contribution of metalloprotease activation to disease
pathogenesis. The first demonstration that these genes con-
tribute to human COPD came from a large study of pediatric
and adult populations which showed that polymorphisms in
metalloprotease 12, a protease highly implicated in COPD
pathogenesis, were linked to both COPD and childhood
asthma.82 Thus, matrix turnover, a known consequence of
oxidative stress and inflammation in the lung, appears to be a
genetic point of convergence for COPD and BPD.

Injury-by-Age Interactions

If COPD and BPD result from common mechanisms of
lung injury, what accounts for the differences in manifesta-
tions? We invoke the concept of injury-by-age interactions.
The neonatal lung is advantaged by an active milieu for
tissue formation and plausibly regeneration. However, the
innate and adaptive immune systems are immature, which
could compromise responses to infection or exaggerate
triggers for inflammation. By contrast, the adult lung has a
questionable capacity for regeneration but is advantaged by
a mature immune system. How could these factors impact on
the presentation of BPD and COPD?

The major difference between BPD and COPD is the
natural history of the disorders. Children with BPD tend to
improve with age, whereas adults with COPD inevitably
demonstrate progressive deterioration in lung function. The

few longitudinal studies of infants with BPD in the post-
surfactant era are small with surveillance typically through
the first 3–5 years of life. Infants with BPD frequently have
mild residual lung disease by early childhood that is mani-
fest as mild chronic airflow obstruction without hypoxemia
or significant reduced exercise capacity.83–85 Thus, the lungs
are able to undergo at least partial repair with the airway
obstruction possibly reflecting dysanaptic growth of the
airways relative to the airspace compartment conferred by
the transient insult. Of note, a small subset of patients with
BPD demonstrates progressive loss of lung function, similar
to the natural history of COPD.86 Patients with COPD, by
contrast, show chronic lung function deterioration that can
be slowed by smoking cessation and arguably by pharma-
cologic treatments. This difference in long-term outcome is
consonant with the fact that lung growth normally occurs
through the first 2–3 years of postnatal life, whereas no active
lung growth is likely occurring in the adult lung, regardless
of concurrent disease.87 Thus, if the BPD insult is transient,
then the infant or toddler lung has the capacity for restor-
ative growth after the severe injury has resolved. This re-
parative process is inferred from longitudinal studies of lung
function as no confirming histologic data is available.

A histologic and possibly mechanistic difference between
the disorders is the prominence of vascular dysmorphology
in BPD but not in COPD. Again, this may reflect a higher
susceptibility of the lung microvasculature to oxidative in-
jury within the developing rather than adult lung. An in-
triguing notion, however, is whether the dysmorphology is a
protective lesion. Several investigators advance the concept
that BPD is a disorder of vascular injury, hypothesizing that
the alveolar phenotype is secondary to an inadequate mi-
crovascular contribution to normal alveolar maturation/
septation.88 Pathologic examination of human BPD speci-
mens and large animal models of BPD consistently demon-
strates evidence of vascular dysmorphology and, arguably,
reduced vascular surface area.89,90 Despite the fact that hu-
man specimens are often obtained from infants who die from
the most severe complications of BPD that are frequently
punctuated with pulmonary hypertension, careful histologic
analysis of BPD lungs from humans and large animal models
shows evidence of vascular immaturity but a maintenance of
the microvascular supply to the airspace and preserved
proliferative activity.91,92 The classic features of pulmonary
hypertension, intimal hyperplasia with medial musculariza-
tion, are not consistently observed. Compelling data from
rodent models show that whereas inhibition of angiogenic
pathways in neonatal life results in transient airspace en-
largement and microvascular remodeling, hyperoxia expo-
sure causes permanent airspace enlargement with variable,
species-dependent evidence of vascular remodeling.93,94

Treatment with angiogenic agents, such as VEGF, can im-
prove or worsen alveolar formation in these models.95,96

These data suggest that the vascular injury in BPD is that of
impaired development and, while common, may be neither
necessary nor sufficient for durable airspace changes in the
neonatal lung. The vascular contribution to COPD is simi-
larly complicated. Histologic analyses of COPD lungs have
not shown a characteristic vascular lesion apart from find-
ings of intimal hyperplasia and microvascular musculariza-
tion that are thought to result from truncation of the vascular
bed secondary to airspace destruction and hypoxemia.97

Pulmonary hypertension in COPD occurs in 2 clinical
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settings: (1) a subset of patients with severe COPD and is
attributed to a truncation of the microvascular bed with
emphysema and systemic hypoxemia and (2) a much smaller
subset of patients with mild COPD attributable to primary
vascular dysfunction.98 In neither of these circumstances has
a lesion replicating the dysmorphic immature vasculature
evident in BPD been reported. By contrast, inhibition of an-
giogenic pathways in the adult lung also confers airspace
enlargement similar to that observed with neonatal rodents,
potentially reflecting a limitation of rodent model systems.31

Taken together, it remains unclear how the vascular lesion
observed in BPD contributes to the clinical course and
whether its presence underscores a protective response uti-
lized in the neonatal (BPD) but not adult (COPD) airspace.
Further, whether severe BPD punctuated by pulmonary
hypertension represents a subset of premature neonates who
are unable to mount a protective vascular response is un-
clear. Further studies of this subset of BPD patients should
prove elucidating.

Could BPD Be the Predisposing
Pathology for COPD?

Certain early life pulmonary insults such as interstitial
lung disease, cystic fibrosis, and bronchiectasis result in
histologic and functional defects that persist into adulthood.
Since only 20% of heavy cigarette smokers develop COPD,
an emerging idea is that neonatal lung injury, in the pre-
mature or full term lung, confers increased risk for appar-
ently acquired adult lung disorders such as COPD. BPD is an
attractive predisposing disorder as it is caused by alveolar
injury conferring airspace enlargement and may indicate a
systemic susceptibility to oxidant injury. Further, as the vast
majority of patients with BPD have minimal pulmonary
symptoms into adulthood, the possibility that a large cohort
of mild BPD patients could be predisposed to develop late
life apparently acquired lung diseases such as COPD is an
intriguing possibility. Another provocative notion recently
advanced by Shi and Warburton is that the critical early life
predisposition is the inability to attain a maximal lung
function during by early adulthood. It is well established that
lung function decline develops after middle age in all per-
sons.99 An early life disorder that reduced the maximal
achieved lung function, evident in BPD, would reasonably
result in a greater susceptibility to late life insults that ac-
celerate the decline in lung function. The major limitation to
examining these possibilities is the lack of longitudinal data
from the BPD population to show that cigarette smoke ex-
posure results in a higher prevalence of COPD and pulmo-
nary symptoms compared to controls without perinatal BPD
or even prematurity. One potentially productive strategy
would be to include queries about perinatal morbidity in
large cross-sectional and longitudinal studies of smokers
with COPD (eg, COPD-Gene, Spiromics). As molecular
phenotyping of both pediatric and adult lung disorders be-
comes more refined, these types of mutually informative
datasets will be of great translational interest.

Directions for Future Investigation

A challenge in any comparison of complex inflammatory
lung disorders such as COPD and BPD is the issue of sub-
phenotyping. Both disorders represent a spectrum of disease

with common primary insults but distinct functional mani-
festations and natural histories. Large longitudinal and cross-
sectional studies of COPD patients are currently in active
enrollment and will hopefully describe the variety of COPD
subphenotypes that are relevant to prognosis. Longitudinal
observational studies of infants with BPD should also be
pursued as these would avail important information about
the natural history of the disease, various courses of pro-
gression or resolution, and long-term responses to neonatal
interventions. Such studies will provide the clinical detail that
could inform both molecular subphenotyping and targeted
drug development for these very challenging disorders.
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