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Prematurity as an Independent Risk Factor for the
Development of Pulmonary Disease

Julie L. Fierro, MD, MPH1, Molly Passarella, MS2,3, and Scott A. Lorch, MD, MSCE2,3,4

Objectives To determine if premature infants without bronchopulmonary dysplasia (BPD) are at similar risk for
developing pulmonary morbidity as compared with those with BPD and if there are differences in management
of care.
Study design We retrospectively abstracted information from our electronic medical record from January 1,
2006, to December 31, 2015, for primary care patients born at <30 weeks of gestation (n = 811). Multivariate models
determined the impact of BPD on a diagnosis of respiratory disease, respiratory medications, subspecialty visits,
and emergency department use or hospitalizations after adjusting for gestational age, sex, insurance type, and
race.
Results Infants with BPDweremore likely to be diagnosedwith asthma than thosewithout BPD (75% vs 60%;OR,
1.8; 95% CI, 1.27-2.54), but not all respiratory conditions (OR, 1.56; 95% CI, 0.7-3.51), and were more likely to be
referred to a pulmonologist (relative risk, 5.98; 95% CI, 4.1-8.74). Infants with BPD were more likely to be hospital-
ized for respiratory conditions than those without BPD (50% vs 30%; relative risk, 2.44; 95% CI, 1.73-3.45).
Conclusions Although infants with BPD were more likely to have a diagnosis of asthma and be readmitted for
respiratory conditions, 60% of infants without BPD were also diagnosed with asthma and 30% were readmitted.
There were significant differences in themanagement of patients, including time to pulmonary referral and prescrip-
tion rates for inhaled corticosteroids. Practitioners should consider all patients born prematurely at high risk for res-
piratory morbidity. (J Pediatr 2019;213:110-4).
P
reterm birth results in significant adverse health outcomes including bronchopulmonary dysplasia (BPD), a disease of
disrupted or arrested lung development secondary to prematurity. A clinical diagnosis of BPD is made in preterm in-
fants at 36 weeks postmenstrual age, with severity of disease based on the amount of supplemental oxygen and/or pos-

itive pressure required by the infant.1 BPD develops in 10%-40% of very low birth weight and extremely low birth weight
infants.2 BPD is associated with significant pulmonary morbidity beyond the neonatal period, including the use of broncho-
dilators up to 2 years of age and a diagnosis of asthma later in childhood.3 This impaired lung function has been shown to
persist into middle childhood; for instance, patients with a diagnosis of BPD have abnormal baseline spirometry at 11 years
of age compared with full-term controls.4 Patients with BPD are also more likely to be rehospitalized after discharge from
the neonatal intensive care unit and use outpatient services more frequently than premature patients without BPD.5,6

Infants born prematurely without BPD also have abnormal lung function and are high users of the healthcare system with
frequent rehospitalizations for respiratory conditions.7-10 In the postsurfactant era, a large proportion of patients born prema-
turely have cough and/or wheeze in the first year of life regardless of a diagnosis of BPD, suggesting that ongoing pulmonary
morbidity is not exclusive to those patients with BPD.11-13 However, these few studies are limited in that pulmonary morbidity
was identified based on parental questionnaires. Additionally, there was no comparison of healthcare use and provider man-
agement of these patients to determine whether increased pulmonary morbidity and increased healthcare use were independent
of a diagnosis of BPD.
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Methods

This was a retrospective cohort study of preterm infants
with and without BPD seen in the primary care network
at the Children’s Hospital of Philadelphia (CHOP). The
network includes 34 urban and suburban sites in Pennsyl-
vania and New Jersey. Data were obtained via the institu-
tional EMR. Patients born at <30 weeks of gestation who
presented to care from January 1, 2006, to December 31,
2012, were included. Gestational age was measured with
the gestational age field in the EMR and subsequently vali-
dated by chart review. There was a minimum of 3 years of
data for each patient with £10 years of data available. Pa-
tients with BPD were identified via International Classifica-
tion of Diseases, 9th edition (ICD-9) codes 518.89 (chronic
lung disease [CLD]) and 770.7 (BPD). ICD-9 codes were
assigned by the clinicians caring for these patients at the
time of a given clinical encounter and confirmed by the
attending physician or advanced practice nurse practi-
tioner. Eligible patients included infants that had ³1 well
visit after 1 year of life, had a home zip code within the
tristate area (Pennsylvania, New Jersey, Delaware), and re-
mained within the CHOP network for a minimum of
3 years after birth. Patients were excluded if they had an
inborn error of metabolism, major congenital anomalies,
chromosomal anomalies, and genetic disorders caused by
a single gene defect because these diagnoses may indepen-
dently change health care use. The cohort was validated
through chart review with study authors validating all
charts for patients with a diagnosis of BPD or CLD of pre-
maturity and 10% of charts for patients without BPD or
CLD of prematurity.

We completed a subgroup analysis on patients with a diag-
nosis of asthma. These patients were identified via ICD-9 co-
des based on any one of the following diagnoses: asthma (493,
493.90), extrinsic asthma (493.00, 43.01, 493.02), intrinsic
asthma (493.10), status asthmaticus (493.91, 493.11), asthma
flare (493.92), chronic airway obstruction (496), broncho-
spasm (519.11), wheezing (786.07), exercise-induced asthma
(493.81), and cough variant asthma (493.82). We identified
299 patients without BPD who had a diagnosis of asthma
and 236 patients with BPD who had a diagnosis of asthma.

This study was approved by the CHOP Institutional Re-
view Board. Patient information was documented by pro-
viders (attending physicians, fellows, residents, nurse
practitioners, physician assistants, medical students) during
ambulatory or inpatient healthcare encounters in the elec-
tronic record using the EPIC Hyperspace system (Verona,
Wisconsin).

Information obtained via the EMR included patient
characteristics, receipt of ³1 dose of palivizumab immuni-
zation, encounter diagnoses, medications, encounters with
a subspecialist, and diagnoses assigned during hospitaliza-
tions and emergency room visits. The outcomes of interest
were a diagnosis of asthma or any respiratory disease, res-
piratory medications, encounters with subspecialties who
manage respiratory conditions (a pulmonologist or an
allergist), and emergency department encounters or hospi-
talizations for asthma or any respiratory disease. Encoun-
ters within the hospital network were noted within the
EMR, and encounters outside of the network were
captured through manual chart review of physician notes
and letters.
Respiratory diagnoses were identified via manual review of

ICD-9 codes of all encounter diagnoses, hospitalizations, and
emergency room visit ICD-9 codes assigned to patients in
each cohort. The ICD-9 codes included for all encounter di-
agnoses and for acute care visits (hospitalizations and emer-
gency room visits) are in Appendix 1 and Appendix 2
(available at www.jpeds.com), respectively. Diagnoses
included viral respiratory infections, pneumonia, asthma,
airway abnormalities, laryngomalacia, tracheomalacia, and
respiratory failure.
The medication record was searched using generic and

trade names for respiratory and allergy medications that
were prescribed at any time to the patient after discharge
from the neonatal intensive care unit. These medications
included rescue inhalers such as albuterol (Ventolin, Proair),
levalbuterol (Xopenex), and ipratropium (Atrovent); inhaled
corticosteroids such as fluticasone-salmeterol (Advair), be-
clomethasone diproporionate (Qvar), fluticasone propionate
(Flovent), budesonide-formoterol fumarate (Symbicort),
budesonide (Pulmicort), and mometasone furoate (Asma-
nex); respiratory medication equipment including aero-
chambers and nebulizer machines; oral and intravenous
steroids; diuretics including chlorothiazide (Diuril), furose-
mide (Lasix), spironolactone (Aldactone); and montelukast
(Singulair).
Statistical Analyses
Descriptive analysis included cohort demographics and fre-
quency of encounter diagnoses, subspecialty visits, and acute
care encounters. A subgroup analysis was completed for pa-
tients with asthma with an analysis of medication prescrip-
tions, subspecialty visits, and acute care encounters.
Univariate analysis including c2 and t tests were completed
for each outcome of interest. Multivariate Poisson and logis-
tic regression models were built to determine the impact of
BPD on each outcome of interest while controlling for
race, insurance type, gestational age, and sex.
Race, gestational age, and sex were identified via specified

fields in the EPIC database. Insurance type was divided in to 7
categories based on the type of insurance used at the majority
of visits. These included private insurance, Medicaid, self-
pay, self-pay and Medicaid, self-pay and private, Medicaid
and private, and a combination of self-pay, Medicaid, and
private insurance.
A Cox proportional hazards model assessed the effect of a

diagnosis of BPD on age at first visit to a subspecialist. A sub-
group analysis on all patients with a diagnosis of asthma was
completed. We used STATA version 15.0 (StataCorp, College
Station, Texas) for all analyses.
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Figure. The age of the patients in years at their A, first pul-
monary or B, allergy visit if a visit occurred. Each step down
reflects 1 child getting a visit with a subspecialist. A, Patients
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Results

There were 811 infants in our cohort; 316 (39%) with a diag-
nosis of BPD and 495 (61%) without a diagnosis of BPD.
Those with and without BPD were similar in terms of their
distribution of sex, race, and insurance type (Table I).
Patients with BPD were more premature at the time of
delivery. The majority of patients with and without BPD
received ³1 dose of the palivizumab immunization;
however, patients with BPD were more likely to receive the
vaccine as compared with those without BPD (P = .002).

There were 236 patients (75%) with BPD and 299 patients
(60%) without BPD diagnosed with asthma (OR, 1.8; 95%
CI, 1.27-2.54). Overall, 97% of patients with BPD (306/
316) and 94% of patients without BPD (466/495) were diag-
nosed with ³1 respiratory comorbidity. There was no differ-
ence in diagnosis of a viral infection (OR, 1.03; 95% CI, 0.56-
1.89) or pneumonia (OR, 1.14; 95% CI, 0.8-1.64) between
the groups in the postdischarge period.

Nearly 50% of patients with BPD (153/316) were referred
to a pulmonologist compared with 13% of patients without
BPD (64/495; OR, 5.98; 95% CI, 4.1-8.74). There was no dif-
ference in referrals to an allergist (OR, 1.01; 95% CI, 0.61-
1.68). For patients seen by a pulmonologist, those with
BPD were seen for their first visit at a younger age compared
with those without BPD (p50 = 8.5 months vs 3.3 years; haz-
ard ratio [HR], 2.58; 95% CI, 1.86-3.57; Figure, A). There
was no difference in age at first visit if a patient was seen by
an Allergist (p50 = 2.5 years vs 1.9 years; HR, 0.88; 95% CI,
0.55-1.41; Figure, B).
Table I. Patient demographics

Characteristics No BPD (n = 495) BPD (n = 316) P value

Sex
Male 253 (51) 162 (51) .97
Female 242 (49) 154 (49)

Race
White 162 (33) 86 (27) .42
Black 263 (53) 190 (60)
Hispanic 24 (4.8) 14 (4)
Other 19 (3.8) 11 (3)
Unknown 27 (5.5) 15 (5)

Insurance type
Private 221 (45) 121 (38) .19
Medicaid 244 (49) 179 (57)
Self-pay/private 8 (1.6) 6 (2)
Medicaid/private 22 (4.4) 10 (3)

Gestational age (weeks)
22 1 (0.2) 1 (0.3) 0
23 4 (0.8) 19 (6)
24 18 (4) 61 (19)
25 32 (7) 49 (16)
26 48 (10) 42 (13)
27 83 (17) 62 (20)
28 142 (29) 49 (16)
29 167 (34) 33 (10)

Palivizumab vaccine
Received ³1 dose 448 (91) 304 (96) .002

Values are number (%).

with BPD saw a pulmonary specialist earlier than patients
without BPD. Fifty percent of patients with BPD were seen by
8.5 months of life, whereas 50% of patients without BPDwere
seen by 3.3 years of life. B, There was overlap in the age at
which patients were first seen by an allergy specialist. Fifty
percent of patients with BPD were seen by 2.5 years of age,
whereas 50% of patients without BPD were seen by 1.9 years
of life.
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There was no significant difference in the percentage of pa-
tients who had ³1 emergency department visit for a respira-
tory condition for patients with and without BPD (OR, 1.41;
95% CI, 0.98-2.02), although patients with BPD had an
increased overall number of emergency department visits
for respiratory conditions overall (relative risk, 1.26; 95%
CI, 1.10-1.43). Patients with BPD were more likely to be hos-
pitalized for a respiratory condition (BPD vs no BPD: 52% vs
28%, OR, 2.44; 95% CI, 1.73-3.45; Table II). Patients with
BPD also had longer lengths of stay for hospitalizations for
respiratory disease (mean, 8.72 days; 95% CI, 7.7-9.73) vs
those without BPD (mean, 5.53 days; 95% CI, 4.38-6.69;
Table II).
Nearly all patients born prematurely with a diagnosis of

asthma had a prescription for albuterol (Table III). There
was no difference for patients with and without a history of
BPD in prescriptions for asthma equipment (OR, 0.83;
Fierro, Passarella, and Lorch



Table II. Acute care visits for respiratory diseases

Variables

Univariate analysis Multivariate analysis

No BPD (n = 495) BPD (n = 316) P value Multivariate analysis (95% CI)

At least 1 ED visit 181 (37%) 145 (46%) .008 OR, 1.41 (0.98-2.02)
Mean number of ED visits 1.16 (95% CI, 0.96-1.36) 1.67 (95% CI, 1.36-1.98) .003 RR, 1.26 (1.10-1.43)
At least 1 hospitalization 140 (28%) 165 (52%) 0 OR, 2.44 (1.73-3.45)
Mean number of hospitalizations 1.14 (95% CI, 0.88-1.40) 3.84 (95% CI, 2.9-4.77) 0 RR, 3.28 (2.94-3.65)
Length of stay for hospitalization (days) Mean, 5.53 (4.38-6.69) Mean, 8.72 (7.7-9.73) 0 RR, 1.64 (1.04-2.59)

ED, emergency department; RR, relative risk.
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95% CI, 0.52-1.32) or oral and intravenous steroids (OR,
1.19; 95% CI, 0.78-1.82). However, patients with asthma
and a BPD history were more likely to be prescribed an
inhaled corticosteroid than patients with asthma and
without BPD (77% vs 66%; OR, 2.33; 95% CI, 1.51-3.61;
Table III).

Approximately 60% of patients with a diagnosis of asthma
and BPD were referred to a pulmonologist vs 16% of asthma
patients with BPD (OR, 7.09; 95% CI, 4.51-11.11), and pa-
tients with BPD also had their first visit at a younger age
(p50 = 8.5 months vs 3 years; HR, 2.52; 95% CI, 1.73-
3.67). There was no difference in referrals or age of first visit
to an allergist (p50 = 2.6 years vs 1.9 years; HR, 0.86; 95% CI,
0.53-1.41).

Nearly one-third of patients with and without BPD who
had a diagnosis of asthma were evaluated in the emergency
department for an asthma exacerbation (OR, 1.06; 95% CI,
0.67-1.69). Patients with asthma with a history of BPD
were more likely to be hospitalized for an asthma exacerba-
tion (BPD vs no BPD, 50% vs 28%; OR, 2.2; 95% CI, 1.42-
3.42). Those with BPD were also hospitalized for longer
durations for an asthma exacerbation (mean, 3.67 days vs
mean, 2.69 days, Appendix 3; available at www.jpeds.com).

Discussion

We found that prematurity without a diagnosis of BPD or
CLD of prematurity was associated with pulmonary
morbidity, with nearly 94% of patients without BPD and
97% of patients with BPD diagnosed with ³1 pulmonary
Table III. Medications for asthmatics

Medications

Univariate analysis
Multivariate
analysis

No BPD
(n = 299)

BPD
(n = 236)

P
value OR (95% CI)

Albuterol 297 (99) 235 (99) .71 0.79 (0.06-10.14)
Asthma equipment 224 (75) 177 (75) .98 0.83 (0.52-1.32)
Steroids 195 (65) 165 (70) .25 1.19 (0.78-1.82)
Inhaled
corticosteroid

180 (60) 182 (77) 0 2.33 (1.51-3.61)

Montelukast 45 (15) 40 (17) .55 1.36 (0.8-2.32)
Allergy medication 169 (57) 146 (62) .21 1.28 (0.85-1.92)
Diuretics 4 (1) 108 (46) 0 60.56 (21.01-174.7)

Values are number (%) unless otherwise indicated.

Prematurity as an Independent Risk Factor for the Development
condition. However, the management of patients with vs
without BPD differed for their respiratory conditions in
terms of referrals to a pulmonologist and hospitalizations
for respiratory disease. Although more patients with BPD
were diagnosed with asthma, an equal proportion of patients
were prescribed albuterol and oral steroids despite the fact
that more patients with BPD were prescribed an inhaled
corticosteroid. Although patients with BPD have abnormal
lung function,3,4 we suggest that prematurity, independent
of a diagnosis of BPD, is also a driving factor for the develop-
ment of ongoing pulmonary morbidity. Our study indicates
that more study is needed to optimize the postdischarge res-
piratory management of patients born prematurely without a
diagnosis of BPD.
Prior work has shown that patients born prematurely in

the postsurfactant era, regardless of a diagnosis of BPD,
have a high rate of cough, wheezing, and colds in the first
year of life.11-13 Our work further supports these findings
by showing that the incidence of pulmonary morbidity is
high among patients born prematurely regardless of the pres-
ence of BPD. Our data also support earlier work showing that
patients with BPD are more likely to have a diagnosis of
asthma.3,14 However, we found an equal incidence of
wheezing-related illnesses among patients born prematurely
regardless of the presence of BPD, as demonstrated by a
similar number of prescriptions for albuterol and oral ste-
roids.
Patients with BPD were more likely to be referred to a pul-

monologist and be referred at a younger age as compared
with those with BPD. This finding was interesting, because
we found an equivalent incidence of pulmonary morbidity
between the groups. There have been no prior studies
comparing outpatient pulmonary subspecialty follow-up
for patients born prematurely with and without BPD. A study
from the Neonatal Research Network showed that more than
50% of infants born at <28 weeks of gestation usedmore than
3 subspecialty outpatient services, and that the diagnosis of
BPD was associated with more than 5 outpatient subspecialty
services.6 Other studies have shown that supplemental oxy-
gen use among patients with BPD was associated with
increased numbers of outpatient appointments and subspe-
cialty encounters in their preschool years and school age as
compared with BPD patients not discharged with a supple-
mental oxygen requirement.15,16

BPD has also been implicated as a risk factor for rehospi-
talization from respiratory disease.17-19 Although we found
of Pulmonary Disease 113
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that patients with BPD were more likely to be hospitalized
and had longer lengths of stay for respiratory diseases
including asthma exacerbations, nearly 30% of patients
without BPD were also hospitalized for a respiratory condi-
tion with an average length of stay of more than 5 days. Addi-
tionally, there was no significant difference in emergency
room encounters for respiratory conditions or asthma
among patients with and without BPD.

It is unclear what drives the divergence in postdischarge
pulmonary management of premature infants with and
without BPD. It is possible that patients with BPD are
more ill than those without BPD.10,12 Another possibility is
that provider bias regarding the diagnosis of BPD induces
providers to bemore aggressive in how theymanage these pa-
tients. However, we propose that the pulmonary conse-
quences associated with prematurity should be seen as a
spectrum of disease. BPD is one end of the barometer, but
even without a diagnosis of BPD, patients born prematurely
have ongoing pulmonary morbidity. Further work to quan-
tify the degree of pulmonary morbidity with objective mea-
sures throughout childhood and adulthood are needed to
better understand the full consequences of prematurity on
lung development regardless of the diagnosis of BPD.

Limitations to our study included potential loss to follow-
up; however, we attempted to control for this by only
including patients who received care for a minimum of
3 years in our primary care network. There is also a potential
for missing medications, subspecialty encounters, and/or
acute care visits if patients went outside of the CHOP
network and the information was not noted in the EMR.
However, previous work suggests that these out-of-network
encounters are infrequent and are noted by the primary
care provider in the medical chart or via a discharge sum-
mary, and that these out-of-network referrals are driven pri-
marily by geography. An additional limitation was our
inability to determine the diagnostic criteria used by individ-
ual clinicians in diagnosing asthma.We sought to use a broad
definition of asthma when creating this subgroup analysis;
however, owing to the limitations of retrospective data re-
view, we were unable to determine how patients were labeled
as asthmatics.

We conclude that all survivors of extreme prematurity are
at risk for pulmonary morbidity after discharge from the hos-
pital. Patients with BPD were more likely to be diagnosed
with asthma, prescribed an inhaled corticosteroid, referred
to a pulmonologist, and hospitalized for a respiratory condi-
tion. However, rates of pulmonary morbidity were high in
patients without BPD, and these patients had significant
healthcare use, with 60% diagnosed with asthma and 30%
hospitalized for a respiratory condition. Our work suggests
that practitioners should be consider all patients born prema-
turely, regardless of the presence of BPD, at high risk for
long-term respiratory morbidity. n

Submitted for publication Jan 30, 2019; last revision received May 3, 2019;

accepted May 29, 2019.
114
Reprint requests: Julie L. Fierro, MD, MPH, 3401 Civic Center Blvd,

Philadelphia, PA 19104. E-mail: fierroj@email.chop.edu
References
1. Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit

Care Med 2001;163:1723-9.

2. Van Marter LJ. Epidemiology of bronchopulmonary dysplasia. Semin

Fetal Neonatal Med 2009;14:358-66.

3. Evans M, Palta M, Sadek M, Weinstein MR, Peters ME. Associations be-

tween family history of asthma, bronchopulmonary dysplasia, and child-

hood asthma in very low birth weight children. Am J Epidemiol

1998;148:460-6.

4. Fawke J, Lum S, Kirkby J, Hennessy E, Marlow N, Rowell V, et al. Lung

function and respiratory symptoms at 11 years in children born

extremely preterm: the EPICure study. Am J Respir Crit Care Med

2010;182:237-45.

5. Morris BH, Gard CC, Kennedy K, Network NNR. Rehospitalization of

extremely low birth weight (ELBW) infants: are there racial/ethnic dis-

parities? J Perinatol 2005;25:656-63.

6. Hintz SR, Kendrick DE, Vohr BR, Poole WK, Higgins RD , National

Institute of Child Health and Human Development (NICHD) Neonatal

Research Network. Community supports after surviving extremely low-

birth-weight, extremely preterm birth: special outpatient services in early

childhood. Arch Pediatr Adolesc Med 2008;162:748-55.

7. Ray KN, Lorch SA. Hospitalization of early preterm, late preterm, and

term infants during the first year of life by gestational age. Hosp Pediatr

2013;3:194-203.

8. Davidson LM, Berkelhamer SK. Bronchopulmonary dysplasia: chronic

lung disease of infancy and long-term pulmonary outcomes. J Clin

Med 2017;6.

9. VomHove M, Prenzel F, Uhlig HH, Robel-Tillig E. Pulmonary outcome

in former preterm, very low birth weight children with bronchopulmo-

nary dysplasia: a case-control follow-up at school age. J Pediatr 2014;164:

40-5.e4.

10. Luu TM, Lefebvre F, Riley P, Infante-Rivard C. Continuing utilisation of

specialised health services in extremely preterm infants. Arch Dis Child

Fetal Neonatal Ed 2010;95:F320-5.

11. Pramana IA, Latzin P, Schlapbach LJ, Hafen G, Kuehni CE, NelleM, et al.

Respiratory symptoms in preterm infants: burden of disease in the first

year of life. Eur J Med Res 2011;16:223-30.

12. Greenough A, Limb E, Marston L, Marlow N, Calvert S, Peacock J. Risk

factors for respiratory morbidity in infancy after very premature birth.

Arch Dis Child Fetal Neonatal Ed 2005;90:F320-3.

13. Vrijlandt EJ, Boezen HM, Gerritsen J, Stremmelaar EF, Duiverman EJ.

Respiratory health in prematurely born preschool children with and

without bronchopulmonary dysplasia. J Pediatr 2007;150:256-61.

14. Schaubel D, Johansen H, Dutta M, Desmeules M, Becker A, Mao Y.

Neonatal characteristics as risk factors for preschool asthma. J Asthma

1996;33:255-64.

15. Greenough A, Alexander J, Burgess S, Bytham J, Chetcuti PA, Hagan J,

et al. Preschool healthcare utilisation related to home oxygen status.

Arch Dis Child Fetal Neonatal Ed 2006;91:F337-41.

16. Greenough A, Alexander J, Boorman J, Chetcuti PA, Cliff I, Lenney W,

et al. Respiratory morbidity, healthcare utilisation and cost of care at

school age related to home oxygen status. Eur J Pediatr 2011;170:969-75.

17. Hong T, Bolisetty S, Bajuk B, Abdel-Latif M, Oei J, Jaffe A, et al. A pop-

ulation study of respiratory rehospitalisation in very preterm infants in

the first 3 years of life. J Paediatr Child Health 2016;52:715-21.

18. Smith VC, Zupancic JA, McCormick MC, Croen LA, Greene J,

Escobar GJ, et al. Rehospitalization in the first year of life among infants

with bronchopulmonary dysplasia. J Pediatr 2004;144:799-803.

19. Lamarche-Vadel A, Blondel B, Truffer P, Burguet A, Cambonie G,

Selton D, et al. Re-hospitalization in infants younger than 29 weeks’

gestation in the EPIPAGE cohort. Acta Paediatr 2004;93:1340-5.
Fierro, Passarella, and Lorch

mailto:fierroj@email.chop.edu
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref1
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref1
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref2
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref2
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref3
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref3
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref3
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref3
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref4
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref4
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref4
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref4
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref5
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref5
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref5
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref6
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref6
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref6
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref6
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref6
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref7
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref7
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref7
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref8
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref8
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref8
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref9
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref9
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref9
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref9
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref10
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref10
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref10
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref11
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref11
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref11
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref12
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref12
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref12
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref13
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref13
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref13
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref14
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref14
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref14
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref15
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref15
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref15
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref16
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref16
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref16
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref17
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref17
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref17
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref17
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref18
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref18
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref18
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref19
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref19
http://refhub.elsevier.com/S0022-3476(19)30683-3/sref19

	Prematurity as an Independent Risk Factor for the Development of Pulmonary Disease
	Methods
	Statistical Analyses

	Results
	Discussion
	References


