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Impact of intercurrent respiratory infections on lung health in
infants born o29 weeks with bronchopulmonary dysplasia
JB Taylor1, MF Nyp1, M Norberg1, H Dai1, H Escobar1, E Ellerbeck2 and WE Truog1

OBJECTIVE: Assess the impact of intercurrent respiratory infections in infants o29 weeks gestational age (GA).
STUDY DESIGN: A retrospective cohort study of 111 infants born o29 weeks GA, controlling for bronchopulmonary dysplasia
(BPD) severity and assessing pulmonary health over the first year of life through oxygen, diuretic and inhaled steroid use.
RESULT: Regression analysis showed viral infections increased oxygen use (odds ratio (OR) of 15.5 (confidence interval (CI)¼ 3.4,
71.3)). The trend test showed increasing numbers of viral infections were associated with increased oxygen (OR (95% CI)¼ 6.4
(2.3 to 17.4), P¼ 0.0003), diuretic (OR (95% CI)¼ 2.4 (1.1to 5.2), P¼ 0.02) and inhaled steroid use (OR (95% CI)¼ 2.2 (1.003 to 5.2),
P¼ 0.049), whereas bacterial infections were not.
CONCLUSION: Viral infections caused more long-term pulmonary morbidity/mortality than bacterial infections on premature lung
health, even when controlling for BPD.
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INTRODUCTION
One in eight infants is born prematurely in the United States
annually, costing B$26.2 billion dollars a year ($51 600 per infant)
on their medical care.1,2 Infants born in the United States
o28 weeks gestational age (GA) now have a 90% survival rate3

with chronic respiratory morbidity as the most common and costly
adverse outcome for these infants.4–6

Premature infants’ altered lung development places them at risk
for bronchopulmonary dysplasia (BPD) in the first year of life. BPD
is now characterized by less inflammation and fibrosis of the
airways but with structural abnormalities.6,7 A total of 77% of
infants born o30 weeks GA develop BPD.4 Some of these infants
manifest early mild respiratory problems that deteriorate over the
first year of life.6 These pulmonary abnormalities are not always
associated with the infants’ severity of BPD around 36 weeks GA or
respiratory support in the Neonatal Intensive Care Unit (NICU).8

Intercurrent respiratory infections in this group have been
associated with increased morbidity and premature infants have
a 73% chance of readmission to the hospital for respiratory
infections in the first 2 years of life.9 Respiratory syncyntial virus is
the most common cause for readmission;10 however, rhinovirus,
the most common viral pathogen in childhood, can also cause
severe respiratory infections in premature infants.11–13 The primary
structural and functional problems in BPD, in combination with
intercurrent respiratory infections, may be creating the conditions
for morbidity and death among infants who appeared to be
developing successfully. Infants with milder BPD may be at risk for
increased hospitalization over time from respiratory complica-
tions. The exact cause of this increased morbidity is unclear.6

The objective of this study was to evaluate the additional
impact of intercurrent bacterial and/or viral respiratory infections
on a cohort of extremely premature infants’ pulmonary health

over the first year of life past NICU discharge regardless of re-
hospitalization status.

METHODS
Data repository
The data repository of the Center for Infant Pulmonary Disorders is located
at Children’s Mercy Hospitals and Clinics (CMH). It provided de-identified
data for this study according to the process approved by the Institutional
Review Board at CMH. Infants hospitalized at CMH were included in the
data repository if they were born o29 weeks GA, born from 1 January
2008 to 31 December 2010, born on-site or transferred to CMH within 24 h
of life and no diagnosis of major anomalies. The data repository collects
information on the cohort from birth through 5 years of life.

Determination of BPD
Classification of BPD was performed at 36 weeks GA and used the criteria
outlined by Ehrenkranz et al. in 2005 for infants born o32 weeks GA.5 An
infant was defined as no BPD if he/she was maintaining SpO2 490%
breathing ambient air at 36 weeks or upon discharge from the NICU
(whichever came first) and if the child was treated with supplemental
oxygen for o28 days. A diagnosis of BPD was given if the patient required
supplemental oxygen to keep their SpO2 490% for at least 28 days. Infants
were classified as: mild BPD, included patients who requiring supple-
mental oxygen to keep the SpO2 490% for 428 days but were on room
air by discharge or at 36 weeks gestation; moderate BPD, if they were
requiring o30% supplemental oxygen at 36 weeks GA to maintain their
SpO2 490% or upon discharge; or severe BPD, if they were requiring 30%
or more supplemental oxygen at 36 weeks GA/discharge to maintain their
SpO2 490% or were on positive pressure ventilation at 36 weeks. The
confounding variable of BPD severity was controlled by stratifying our
cohort into three groups according to their BPD classification: none/mild,
moderate and severe.
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Definition of infection
CMH follows the National Health Safety Network criteria for diagnosing
and reporting infections. A bacterial airway infection was diagnosed in the
NICU if all of the following criteria were met: sustained (41 day)
deterioration in physical exam or respiratory status, laboratory/radio-
graphic evidence for infection including elevated white blood cell count
with a shift and elevated C reactive protein, a bacterial isolate consistent
with a respiratory pathogen obtained from a tracheal aspirate, sputum
sample or nasal aspirate, and initiation of 47 days of antibiotic therapy.
Patients who were discharged from the hospital were considered to have
a bacterial infection if they were given the diagnosis of a bacterial
pneumonia/bronchitis from an emergency room (ER) physician, pediatri-
cian or hospitalist (with or without supporting laboratory data) and
prescribed antibiotics for 47 days.
A viral infection was identified in the NICU when the patient was

clinically symptomatic (which included: increased oxygen requirement,
tachypnea, increased nasal/oral secretions, increased apnea/bradycardia
spells and changes on chest radiograph) and had a virus isolated from a
viral PCR/culture. The viral PCR used in-house at CMH during this time was
the Luminex RVP (Luminex, Austin, TX, USA), which tested for Influenza A,
Influenza A subtype H1, Influenza A subtype H3, Influenza B, respiratory
syncyntial virus subtype A, respiratory syncyntial virus subtype B,
Parainfluenza 1–3, Human Metapneumovirus, Rhinovirus/Enterovirus and
Adenovirus. Routine screening for viral pathogens did not occur in the
NICU. Patients who were discharged from the NICU were considered to
have a viral infection if they were given the diagnosis of a viral respiratory
infection from an ER physician, pediatrician or hospitalist (with or without
supporting laboratory data). The patient charts were analyzed up to 1 year
post NICU discharge for evidence of intercurrent respiratory infections by
trained data abstractors. Medical record reviews included evaluation of the
discharge summary, 6 and 12 months follow-up visits in the special care
clinic, ER notes and hospital discharge notes.

Study population
We included all infants enrolled in the data repository between 01 January
2008 and 31 December 2010 who were o29 weeks GA at birth and
admitted to CMH within 24 h of birth. We excluded infants who died o36
weeks corrected GA, were 429 weeks GA at birth or had significant
congenital heart disease or structural airway abnormalities. Of 184 liveborn
infants, 157 infants were initially identified in the data repository for
consideration in this study. Fifteen infants died o36 weeks corrected GA,
leaving a total of 142 infants who met criteria for entry into the study. Only
one patient had a tracheostomy and none were ventilator dependent. The
tracheostomy/ventilator-dependent patients during this time frame had
been transferred from outside centers for a second opinion several weeks
after delivery.

Study design
A retrospective (historical) cohort design was used to evaluate the impact
of intercurrent respiratory infections on lung health in extremely
premature infants up to 1 year of age. The primary outcome variables of
oxygen requirement, diuretic and inhaled steroid use at 12 months of age
were selected based on their common use in infants with pulmonary
sequelae from BPD in an outpatient setting.

Data analysis
Statistical analysis used the SAS programming version 9.2 software
package (SAS Institute, Cary, NC, USA). We first performed bivariate
analysis between risk factors (BPD, viral infection and bacterial infection)

and outcome variables (oxygen use, diuretics use and inhaled steroid)
using either the Cochran–Mantel Haenszel w2 test and/or Fisher’s exact
test. The outcome variables of interest were determined through medical
record reviews of the discharge summary, 6 and 12 months follow-up
visits in the Special Care Clinic, ER notes and hospital discharge notes.
A stratified analysis was then used to assess the impact of intercurrent
bacterial and viral respiratory infections on the entire cohort and on each
individual BPD group. The Cochran–Armitage trend test was used to
evaluate the impact of multiple infections on the three outcome variables.
A secondary outcome variable of death after NICU discharge was also

evaluated. We developed a multivariable model using logistic regression
with backward model selection. In the multivariate analysis, we considered
GA, gender, severity of BPD, viral infection, bacterial infection, viral/
bacterial interaction, BPD/viral interaction, BPD/bacterial interaction and
birthweight on their association with the outcome variables. To keep
model parsimony, we started with a full model with all predictive variables
as mentioned above and then used backward elimination to remove
nonsignificant risk factors (P40.05). After backward elimination, only
significant risk factors remained in the logistic regression model. Odds ratio
(OR) and 95% confidence interval (CI) of OR were reported. To keep model
parsimony, nonsignificant factors are removed from the multivariate
models. Ultimately, the final model included the following variables: GA,
severity of BPD, viral infection and bacterial infection. Statistical
significance was claimed with Po0.05.

RESULTS
Basic demographic information on gender, GA and birthweight
was collected on each infant in the final cohort (Table 1). Of the
initial 157 infants, 15 diedo36 weeks corrected GA (Figure 1). This
left a sample size of 142 patients that underwent BPD classifica-
tion.5 These infants were then separated into three groups for our
study, which included no/mild BPD (66/142), moderate BPD
(45/142) and severe BPD (31/142). Of the 142 children, 6 patients
died and 25 were lost to follow-up (LFU), including 14 patients LFU
(20%: 6 female/8 male with average GA 27 weeks) and 1 death in
the no/mild BPD group, 7 patients LFU (15%: 4 female/3 male with
average GA 26 weeks) and 3 deaths in the moderate BPD group
and 4 patients LFU (13%: 2 female/2 male with average GA 26
weeks) and 2 deaths in the severe BPD group by the 12-month
follow-up period. They were therefore excluded in the final sample
(N¼ 111). Complete data were available on 51 patients in the no/
mild BPD group, 35 patients in the moderate BPD group and 25
patients in the severe BPD group. Of the 35 patients in the mild/no
BPD group there were 17 bacterial infections and 5 viral infections
identified; 2 patients had overlapping infections identified. Of the
35 patients in the moderate BPD group there were 15 bacterial
infections and 7 viral infections identified; 2 patients had over-
lapping infections identified. Of the 25 patients in the severe BPD
group there were 17 bacterial infections and 6 viral infections
identified; 4 patients had overlapping infections identified.
Increasing BPD severity was associated with increasing frequency
of supplemental oxygen use, diuretic use and inhaled steroid use
among patients at anytime up to 1 year of age corrected with
no/mild, moderate and severe BPD, respectively (Po0.0003,
Po0.0001 and Po0.0001). Oxygen use was 6%, 11% and 40%,
inhaled steroid use was 3%, 16% and 39%, and diuretic use was
14%, 44% and 71%, respectively.

Table 1. Patient demographic information

Mild/no BPD (n¼ 66, 46%) Moderate BPD (n¼ 45, 32%) Severe BPD (n¼ 31, 22%) P-value

Gender (F/M) 25/41 (38%/62%) 20/25 (44%/56%) 9/22 (29%/71%) 0.40
Gestational age (week) 26.9±1.2 25.9±1.5 25.3±1.5 o0.0001
Birthweight (g) 1017±220 847±207 781±175 o0.0001
Subjects died after NICU discharge 1 (1.5%) 3 (6.7%) 2 (6.5%) 0.35

Abbreviations: BPD, bronchopulmonary dysplasia; F, female; M, male; NICU, Neonatal Intensive Care Unit.
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To evaluate the impact of intercurrent respiratory tract
infections on three primary outcome variables (oxygen use,
inhaled steroid use and diuretic use at 12 months) in each BPD
group, we then used a stratified bivariate analysis using the
Cochran–Mantel Haenszel w2 modeling to assess the impact of
both bacterial and viral infections on our outcome variables in
each of the defined BPD groups. A logarithmic regression model
showed that there was not significant interaction between the
viral and bacterial infections (OR (95%)¼ 2.1(0.1, 38.3), P¼ 0.61).
Intercurrent bacterial and viral infections were associated with

significantly higher oxygen use when all BPD groups were
combined with a significantly greater impact seen in the viral
group (8% vs 24%, P¼ 0.02 and 9% vs 47%, Po0.0002, respec-
tively; Table 2). Bacterial infections did not statistically influence the
oxygen use in any of the three BPD sub-groups. Intercurrent viral
infections did statistically increase oxygen use at 12 months post
NICU discharge: 2% vs 40% O2 use in the no/mild BPD (P¼ 0.02)
and 26% vs 83% in the severe BPD group (P¼ 0.02; Table 2).
The intercurrent bacterial and viral infections were associated

with increased inhaled steroid use in the combined BPD groups,
but not in any individual BPD groupings. Bacterial infections
increased use from 9 to 22% (P¼ 0.03) and viral infections
increased use from 11 to 29% (P¼ 0.01; Table 2).
The intercurrent respiratory infections were associated with

increased diuretic use in the viral group only. The viral impact on
the combined BPD group analysis was 32% vs 57% (P¼ 0.02).
When the BPD subgroups were broken apart, the no/mild BPD
group continued to show a significant increase in diuretic use
(10% vs 50%, P¼ 0.03; Table 2).
The data were then analyzed, using the Cochran–Armitage

trend test, to see if an increasing number of viral or bacterial

infections was associated with a significant impact on the three
primary outcome variables. We first looked at the association
of increasing number of viral infections on oxygen use. An
increasing number of viral infections was associated with a
significant impact on oxygen use (OR (95% CI)¼ 6.4 (2.3 to 17.4),
P¼ 0.0003): at baseline 9% of the cohort required oxygen,
which increased with increasing number of viral infections to
44% with one viral infection and 67% with two viral infections,
diuretic use (OR (95% CI)¼ 2.4 (1.1 to 5.2), P¼ 0.02): at baseline
32% of the cohort required diuretics, which increased with
increasing number of viral infections to 53% with one viral
infection and 75% with two viral infections, and inhaled steroid
use (OR (95% CI)¼ 2.2 (1.003 to 5.2), P¼ 0.049): at baseline 12% of
the cohort required inhaled steroids, which increased with
increasing number of viral infections to 32% with one viral
infection and 25% with two viral infections. With increasing
bacterial infections, we saw an increase in oxygen use from 8% at
baseline to 24% with one infection, 29% with two infections
(P¼ 0.05), an increase in diuretics use from 31% at baseline to 41%
with one infection, 50% with two infections (P¼ 0.07), and an
increase in oxygen use from 9% at baseline to 22% with one
infection, 25% with two infections (P¼ 0.07), but they are not
statistically significant.
Three separate logistic regression models were created, one for

each of our three primary outcome variables. We forced the
following variables into each model: GA, BPD class, viral infection
and bacterial infection). We originally included the variables
gender and viral*bacterial variables but these were excluded after
backward stepwise regression. Viral infections were shown to
increase oxygen use (OR (95% CI)¼ 15.6 (3.4, 71.3), P¼ 0.0004;
Table 3). The model had 89.3% prediction accuracy. There was no

157 Patients

15 died before 36 weeks

Mild/No BPD
66/142 Patients

Moderate BPD
45/142 Patients

Severe BPD
31/142 Patients

1 died
14 LFU

3 died
7 LFU

2 died
4 LFU

12 Month F/U Period  (N: 111)

Mild/No BPD
51/111 Patients

Moderate BPD
35/111 Patients

Severe BPD
25/111 Patients

None (31)
02: 0% n=0
D: 10%  n=3
iSter: 3% n=1

Viral (5)
O2: 40% n=2
D: 60% n=3
iSter: 0% n=0

Bacterial (17)
O2: 12% n=2
D: 18% n=3
iSter: 6% n=1

None (15)
O2:  7%  n=1
D: 60% n=9
iSter: 7% n=1

None (6)
O2: 17% n=1
D: 50% n=3
iSter: 17% n=1

Viral (7)
O2: 14% n=1
D: 14% n=1
iSter: 43% n=3

Viral (6) 
O2: 83% n=5
D: 100% n=6
iSter: 67% n=4

Bacterial (15) O2: 7%
n=1
Diur: 40% n=6
iSter: 20% n=3

Bacterial (17)
O2: 47% n=8
D: 71% n=12
iSter: 53% n=9

Both: 2 Both: 2 Both: 4

Figure 1. Patient flow diagram over the 12-month study period. BPD, bronchopulmonary dysplasia; D, diuretic; F/U, follow-up; iSter, inhaled
steroid; LFU, lost to follow-up.
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significant interaction between viral and bacterial infections (OR
(95% CI)¼ 2.1 (0.1, 38.3), P¼ 0.61).
Finally, the secondary outcome variable of death after NICU

discharge was evaluated using bivariate analysis. Seven infants
were identified (5% of the cohort) who died after NICU discharge.
Six out of seven infants had recent or ongoing viral infections at
the time of their death (Po0.0001). One had mild BPD, three had
moderate BPD and two had severe BPD. These deaths do not
appear to correlate with the 36-week BPD severity assessment.
Three out of six infants had a history of adrenal insufficiency
during their NICU stay and four out of six infants had a history of
transient pulmonary hypertension in the NICU; however, the
sample size for these observations were too small to draw any
meaningful conclusions.

DISCUSSION
This study evaluated the impact of both bacterial and viral
infections on the same cohort of extremely premature infants over
their first year of life while controlling for BPD severity. Previous
literature has shown this population is at increased risk of
re-hospitalization from pulmonary sequelae9 and viral infections
could be severe in this population11–13 with one study finding it
was the primary cause of readmission.10 However, no study
compared both bacterial and viral impact on this population
simultaneously or with controlling for BPD severity. We
demonstrated that viral infections had a significantly greater
impact compared with bacterial infections by evaluating
commonly used therapies for chronic lung disease of infancy in
the outpatient setting: oxygen use, diuretic use and inhaled
steroid use. Increasing number of viral infections also had a
significant impact on premature infant lung morbidity/mortality,
whereas increasing number of bacterial infections did not.
To understand why viral infections appear to affect BPD lung

physiology differently than bacterial infections it is important to
infant’s how BPD lung structure differs from a full-term infant’s
lung structure. BPD lung structure consists of a simplified alveolar
architecture7,14 with less alveolar area for ventilation as well as a
decreased intravascular pulmonary network that affects the
perfusion to the lung.15–17 In the short term, this leads to less
baseline pulmonary reserve, which is further compromised by
infection-mediated inflammation.

Viral infections have been shown to remain in lung tissue for
over a month after the acute infection has resolved, causing
prolonged abnormal inflammatory responses.18,19 Viral infections
have also been linked to the development of airway hyper
reactivity and asthma in later life,20 which further demonstrates
the long-lasting impact of viral infections on the pulmonary
physiology. As viruses persist in the lung longer than bacteria, it is
not surprising that our cohort had worse pulmonary outcomes at
1 year with a history of viral as opposed to bacterial intercurrent
lung infections. Recent animal studies have indicated that
supplemental oxygen increases an animal’s sensitivity to
influenza infection through altered inflammatory pathways,21

which adds biologic plausibility to our clinical findings linking
greater lung morbidity in premature infants at a year of age who
have had intercurrent viral infections.
There were several limitations in our study design that must be

considered when evaluating these results. All of these infants were
from one center and our findings may not be generalizable to the
population at large; however, comparison with one national
database did show similar outcomes for BPD severity.22 Also,
obtaining long-term data on extremely preterm infants can be
challenging, especially for infants who are born4160 km from the
admitting NICU center. Therefore, some infants were LFU after
hospital discharge. Some of these infants could have moved out of
state and died in another center or have significant pulmonary
morbidity that was being managed at another location. Another
limitation was our definition of infections. Although the patients
were in the NICU, we had better control over management; once
the patients were in the community, the type of work-up they
obtained varied and did not always include the same supporting
laboratory/radiographic studies. We identified one no/mild BPD,
one moderate BPD and three severe BPD cases that relied on
documented radiographic, laboratory and clinical exam findings
to diagnose the viral upper respiratory tract infection but no actual
virus was isolated on viral studies. Two no/mild, three moderate
and one severe BPD case did not have confirmation on how the
viral upper respiratory tract infection was diagnosed. During this
time period, the extended viral PCR panel (Biofire FilmArray RP),
which now includes an extended number of viral pathogens
including Coronavirus 229E, Coronavirus HKU1, Coronavirus NL63,
Coronavirus OC43, Influenza A subtype H1-2009, Parainfluenza
virus 4, Bordetella pertussis, Chlamydophila pneumonia and

Table 2. CMH w2 analysis comparing bacterial and viral impact on three outcome variables (oxygen use, diuretic use and inhaled steroid use) in
infants with no/mild, moderate and severe BPD

No bacterial infection (%) Bacterial infection (%) P-value No viral infection (%) Viral infection (%) P-value

Oxygen use at 12 months
Mild/no BPD 3 12 0.25 2 40 0.02
Moderate BPD 10 13 1 7 25 0.21
Severe BPD 25 47 0.40 26 83 0.02
All subjects 8 24 0.02 9 47 0.0002

Total diuretics at 12 months
Mild/no BPD 12 17 0.71 10 50 0.03
Moderate BPD 46 42 1 49 30 0.47
Severe BPD 70 71 1 63 100 0.08
All subjects 30 43 0.12 32 57 0.02

Inhaled steroid use at 12 months
Mild/no BPD 2 4 1 3 0 1
Moderate BPD 15 16 1 11 30 0.17
Severe BPD 20 48 0.23 33 57 0.38
All subjects 9 22 0.03 11 29 0.01

Abbreviation: BPD, bronchopulmonary dysplasia.
Bold font indicates a statistically significant P-value.
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Mycoplasma pneumoniae, was not commonly being used in our
center or the community. Once discharged from the NICU, the
infants were not evaluated on a daily basis by a physician and it is
likely that minor infections, both bacterial/viral, went unnoticed by
caregivers. Also, our center followed the American Academy of
Pediatrics recommendation for Synagis administration. It was
given 48 to 72 h before discharge between the months of
November and March. Out of 157 patients, 51 were discharged
within this timeframe and all received their initial Synagis dose in-
house; however, subsequent doses were provided to their local
pediatricians so compliance data are not available for this cohort.
Potentially, a future prospective study would be better able to
control for some of these limitations; however, even future
prospective studies could have difficulties because currently the
outcome variables used (diuretic use and inhaled steroid use) do
not have nationally agreed upon routine use. Locally, we were
consistent with our initiation of therapy and weaning protocols;
however, this will not be the case if data from multi-center national
databases are used, this further highlights the need for ongoing
research into this area of clinical management for this population.
There were several strengths in our study design. We evaluated

infants born recently (2008 to 2010) and had been hospitalized
within the same hospital within 24 h of birth. This study design
minimized the variability of ventilatory strategies used on this
cohort as they were managed by the same group of physicians
incorporating the goal of quick transition from invasive to non-
invasive ventilatory support.22 As our cohort was born recently
and spans only 3 years, the impact of changing technology and
medical therapies over time was minimized. Our study also
required access to medical records for this cohort past hospital

discharge with special interest being placed on ER, hospital and
primary care provider records. As this center is the only tertiary
referral center for children with complex illness in this geographic
region, we hospitalize over 86% of pediatric cases (unpublished
CMH demographic data) and closer to 100% of high-risk cases.
A multispecialty clinic follows the NICU graduates closely over the
first few years of life with close coordination/communication with
the outside pediatrician. This makes it less likely that an episode of
illness requiring health-care utilization was missed. The NICU clinic
sees the patients every 1 to 3 months for at least a year post NICU
discharge and the CMH-DR has permission to collect information
on participants up to 5 years post NICU discharge. Only 13% (19/
142) of the cohort were LFU and 78% (111/142) of participants
were successfully followed through their first year of life (82% if
deaths were excluded (111/136)).
There is variability between discharge management for this

patient population. Current post hospital BPD management focuses
mainly on nutrition, growth and neurological outcome. Several
strategies on home oxygen therapy and weaning protocols have
been proposed;22–25 however, there still remains a wide variability
in practice in the pediatric providers.26 Even the efficacy of reducing
health-care expenditures in this patient population with outpatient
pulmonary follow-up is unclear. However, recent literature has
shown that pulmonary follow-up keeps the ER visits and hospita-
lization rates between mild and severe BPD patients stable27 when
normally more severe BPD patients have increased sequelae.
Previous recommendations for evaluation of sleep disordered
breathing in this population was focused on infants with severe
BPD; however, recent studies have shown that daytime oxygen
saturations and respiratory rates did not predict instability seen on

Table 3. Logistic regression models for the three outcome variables of oxygen use, inhaled steroid use and diuretic use

(A) Oxygen use (prediction accuracy¼ 89.3%)

Effect b Estimate P-value Odds ratio (95% CI)

Intercept 9.9±6.2 0.11
Gestational age (per 1 week increase) � 0.5±0.2 0.03 0.6 (0.4–0.95)
BPD 0.04
Moderate BPD vs no/mild BPD 0.006±0.9 0.99 1.0 (0.2–6.1)
Severe BPD vs no/mild BPD 1.8±0.9 0.04 6.3 (1.1–35.0)
Viral (yes vs no) 2.7±0.8 0.0004 15.6 (3.4–71.3)
Bacterial (yes vs no) 0.8±0.7 0.26 2.3 (0.5–9.6)

(B) Diuretics use (prediction accuracy¼ 82.2%)

Effect b Estimate P-value Odds ratio (95% CI)

Intercept 10.97±3.9 0.01
Gestational age (per 1 week increase) � 0.5±0.2 0.001 0.6 (0.5–0.8)
BPD 0.0006
Moderate BPD vs no/mild BPD 1.2±0.5 0.02 3.3 (1.2–8.9)
Severe BPD vs no/mild BPD 2.2±0.6 0.0001 9.3 (3.0–28.9)
Viral (yes vs no) 0.7±0.5 0.18 2.0 (0.7–5.8)
Bacterial (yes vs no) � 0.2±0.4 0.66 0.8 (0.3–2.0)

(C) Steroid use (prediction accuracy¼ 82.5%)

Effect b Estimate P-value Odds ratio (95% CI)

Intercept � 0.3±5.0 0.95
Gestational age (per 1 week increase) � 0.1±0.2 0.47 0.9 (0.6–1.3)
BPD 0.01
Moderate BPD vs no/mild BPD 1.5±0.9 0.08 4.5 (0.8–23.7)
Severe BPD vs no/mild BPD 2.5±0.8 0.003 13.1 (2.5–69.3)
Viral (yes vs no) 0.9±0.6 0.12 2.76 (0.8–8.2)
Bacterial (yes vs no) 0.6±0.6 0.32 1.8 (0.6–5.3)

Abbreviations: BPD, bronchopulmonary dysplasia; CI, confidence interval.
Bold font indicates statistically significant P-values and odds ratios.
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sleep studies.28 Recent studies performing serial infant pulmonary
function tests did not demonstrate any ‘catch up’ lung growth in
the BPD infants in the first year of life.29,30 Studies in teenagers/
adults with a history of BPD showed persistent abnormalities in
lung function as seen by increased air trapping, increased residual
volume, increased incidence of airway hyper reactivity and a faster
decline in lung function in adulthood compared with controls.31–33

Our study suggests that a wider range of extremely premature
infants, even those with no/mild BPD, may be at risk of significant
pulmonary sequelae from intercurrent infections based on this
increased use of oxygen over the first year of life.
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