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ABSTRACT
Introduction:
Advances in neonatal care have resulted in the survival of increasingly premature
infants and changed the clinical presentation of Bronchopulmonary dysplasia (BPD).
The long-term respiratory outlook for children born premature is not known.

Aims:
To characterise lung function and prevalence of respiratory symptoms in preterm
children with and without BPD and to investigate the influence of those symptoms on
lung function. To examine the contribution of neonatal events to subsequent respiratory
morbidity and function.

Methods:
Preterm subjects (<32 w gestation), classified as BPD ( 28days supplemental O2,
assessed at 36 w post menstrual age) or non BPD and healthy term controls were
studied. Forced Oscillation Technique (resistance (Rrs) and reactance (Xrs)), and
spirometry, lung volumes using Multiple Breath Washout (MBW), and Diffusing
capacity (DLCO) were measured. Symptom questionnaires were administered.

Results:
150 children (74 BPD, 44 nonBPD, 32 controls), aged 4-8 yr, were studied. There was
significant difference between preterm children and healthy subjects in median Z scores
for FVC (0.00, 0.69: p=0.04), FEV1 (-0.44, 0.49: p<0.001), FEF25-75 (-1.12, 0.43:
p=0.001), Xrs8 (-1.22, -0.06: p<0.001) and Rrs8 (0.58, 0.17: p=0.004). Poor success rates
in MBW and DLCO testing resulted in limited data (38 MBW, 29 DLCO). Additional
data collected (15 MBW, 21 DLCO) at a follow up visit 12 m later showed preterm
subjects (n=40) had increased Lung Clearance Index compared to healthy subjects
(n=13) (median: 6.88, 6.59: p=0.04), but no difference in FRC. There was no difference
in DLCO/VA between preterm and healthy children. Significant differences between
the BPD and nonBPD groups were seen in Xrs at 8Hz (Median Z-score: BPD: -1.45,
nonBPD: -1.01, p= 0.022). Reported wheeze in the previous 12 months was similar in
the BPD and nonBPD groups (31% and 27% respectively). Symptoms on exertion
(short of breath, cough, wheeze) in the past 3 months were similar in BPD and nonBPD
groups (36% and 35% respectively). Relationships between symptoms and lung
function were examined for FOT and spirometry outcomes only. BPD subjects with
wheeze in the past year had significantly reduced Xrs compared to those who had never
wheezed (Median Z-score: -1.91, -1.14 respectively, p=0.01). Similarly, BPD subjects
with exertional symptoms had reduced Xrs compared to those without (Median Z-score:
iii

-1.96, -1.20 respectively, p=0.007). The presence of symptoms did not influence Rrs or
any spirometry outcomes in BPD or nonBPD subjects.

Multivariate analysis of

neonatal factors showed increasing days of O2 in hospital was associated with
worsening Xrs and FEV1.

Preterm male subjects had increased FVC and reduced

FEV1/FVC compared to preterm female subjects.

Conclusion:
Young children born preterm have worse lung function than healthy controls. The
degree of reduction in lung function in the preterm children was related to the number
of days of O2 in hospital, or severity of disease.

Only respiratory reactance

differentiated between preterm children with and without BPD. Symptom prevalence
was similar in preterm children irrespective of BPD status. History of symptoms was
significantly related to a worsening of Xrs in BPD, but not nonBPD subjects. These
results suggest that children born preterm have distal lung abnormalities which are more
severe and sensitive to respiratory symptoms in those with BPD.

Key Words:
Bronchopulmonary dysplasia, resistance, reactance, wheeze, exercise.
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BRONCHOPULMONARY DYSPLASIA

1.1 Introduction
Bronchopulmonary Dysplasia (BPD) is a chronic lung complication of premature birth,
also known as neonatal chronic lung disease. Rapid advances in neonatal care over the
last fifteen years have enabled the survival of much smaller extremely premature infants
(1), resulting in the emergence of a new BPD pathology with an altered clinical
presentation.
In Western Australia, premature births of less than 32 weeks gestation, make up
approximately 1.6 % of live births (2), or around 500 each year. All premature infants
born at this early gestation are transferred to tertiary teaching hospitals in Perth (the
King Edward Memorial Hospital (KEMH) or Princess Margaret Hospital (PMH)),
These infants thus form a cohort of premature children who have been subject to
consistent neonatal treatment protocols. The long-term respiratory health outcomes of
these children born preterm are unknown.
Infants born prior to 32 weeks (post menstrual age or gestational age) are delivered
before the respiratory system is fully developed, when the respiratory bronchioles,
alveolar ducts and sacs as well as associated capillaries required for gas exchange are
still forming. To enable survival, resuscitation and treatment options including
mechanical ventilation, oxygen therapy, and administration of surfactant, are utilized.
There is a complex interaction between these as well as many other neonatal and genetic
factors, exposure to drugs and treatment regimes which will have an effect on the
continuing development of the lung and therefore the long-term outlook.

The

understanding of respiratory health beyond the neonatal period and infancy, in terms of
both symptoms and lung function, in these children who were born extremely premature
is essential. By school age, these children are involved in activities with their peers at
school and many are beginning to take part in organized and competitive sports.
Research to increase knowledge of respiratory outcomes may result in strategies to
reduce the impact of detrimental outcomes from preterm birth on daily activities.
This research is of interest to both general and respiratory physicians and researchers,
both pediatric and adult, because the cohort being studied may have a relatively new
disease, with uncertain respiratory function and symptoms. It will have immediate
application to a current population of young children. Being able to predict in which
1

individuals the disease will improve with age and growth, and in which individuals the
symptoms will persist to become a future disease of adulthood will enable healthcare for
affected individuals to be planned and for individuals and their parents to be provided
information on their likely outcome. It will also be of interest to neonatologists in the
continuing development of neonatal care strategies that aim to minimize lung damage.
The first chapter of this thesis describes normal lung development from fetal through to
childhood, consequences of interruption of this development, the history of BPD, new
developments in BPD, and current literature on respiratory outcomes in BPD. The
Hypotheses and aims of the study are stated. Subsequent chapters will describe the
cohort and methodology used to measure lung function and collect data, followed by
results and discussion of the significance of these results.

1.2 Normal Lung Development
1.2.1 Airway Development
Human lung development has been described in overlapping stages, from the
embryonic stage through to an almost completed process by birth at term gestation
with alveolarization and pulmonary vascular maturation continuing postnatally. (3,
4)

During the embryonic stage, the two lung buds grow, and the trachea, primary
bronchi and major airways are formed. Between the 5th and 17th weeks, during the
pseudoglandular stage the conductive airways branch to form the bronchial tree.
Cellular differentiation also occurs during this time, allowing the functional
characteristics of the conducting and respiratory airways to evolve.
From the 16th week, during the canalicular stage, the respiratory epithelium grows,
and respiratory bronchioles are formed. The differentiation of the distal epithelium
into squamous Type 1 for future gas exchange, and Type 11 cells ready for
surfactant secretion occurs at this time.
The saccular stage, occurring from the 24th week, sees the alveolar ducts and air sacs
form, cell differentiation continues, and elastic fibers are laid down as structural
support. Surfactant secretion begins at around this time.
2

Alveolar formation begins in utero from 32-36 weeks, but primarily occurs
postnatally for the next 2 – 3 years with the biggest surge during the first six months
after birth.

Table 1 summarizes the overlapping stages in development of the airways.

1.2.2 Vascular Development
Recent research into the development of blood vessels in the lung has challenged the
belief that blood vessels passively follow the formation of airways. New evidence
suggests that lung blood vessels are essential in actively promoting the growth of
alveoli and maintenance of alveolar structures. (5)

There are three processes

involved in the formation of lung blood vessels.
o Vasculogenesis: the formation of blood vessels from angioblasts and pre
cursor cells that differentiate to form vascular tubes.
o Angiogenesis: the formation of new blood vessels from pre existing ones.
o Microvascular maturation:

Capillaries form a single layer in the gas

exchange region.
Molecular mediators including vascular endothelial growth factors (VEGF), of
which there are a number of variants, are important in the differentiation, growth,
and cell survival during vascular development. (6) There are complex control
mechanisms for VEGF expression; whilst control primarily occurs through a
hypoxia response element (HRE) acting in the hypoxic environment of the epithelial
surface and the interstitium, oncoproteins and growth factor activators are also
involved. The low oxygen content of the amniotic fluid, and the shunting of fetal
blood away from the lung, maintains a low concentration of oxygen in these areas.
Hypoxic inducible factors (HIF) are also involved in this complex process of
vasculogenesis in the hypoxic environment of the developing lung.

The vascular growth of the lung can be divided into overlapping stages, as in the
airways development. Embryonic, pseudoglandular, canalicular and saccular stages
occur in utero, and the final stage of microvascularization occurs postnatally.

During the canalicular stage (weeks 17-24), the number of capillaries increases and
they become organized around the airspaces creating a capillary network. The
3

saccular stage (24-36) is a period when the capillaries form a bilayer in the septae.
Microvascular maturation occurs postnatally alongside alveolarization during which
time the capillary bilayer fuses into a thin single layer, allowing for efficient gas
exchange.

The stages of vascular development alongside airways development are summarized
in Table 1.

1.2.3 Surfactant Production
Surfactant is a complex substance made of phospholipids and surfactant-specific
proteins. The function of surfactant is to lower the surface tension of the air-water
interface in the lung, preventing the alveoli from collapsing and increasing
compliance, making inflation of the lung easier. From around the 24th week of
gestation surfactant is synthesized by Type II cells in the epithelium of the saccule
and stored in lamellar bodies. These lamellar bodies are secreted and contribute to
the surfactant pool which lines the saccules and distal airways. Macrophages then
clear the surfactant from the airspaces and it is recycled back into Type II cells and
reprocessed and resecreted. (7)

4

Table 1: Overlapping stages of airways and vascular development.
from (8)

Adapted

Stage

Time

Airways Development

Vascular Development

Embryonic

<6

Two lung buds grow.

Vasculogenesis in

weeks

Formation of trachea,

immature mesenchyme.

primary bronchi and

Pulmonary arteries

major airways.

branch, veins grow from
left atrium

Pseudoglandular 5-17
weeks

Branching of conductive

Branching of pulmonary

airways forming bronchial arteries
tree.
Cellular differentiation of
conducting and
respiratory airways.

Canalicular

16-26

Respiratory bronchioles

Increased number of

weeks

form.

capillaries.

Differentiation of

Capillary network

epithelium.

organizes around
airspaces

Saccular

24-38

Alveolar ducts and

Expansion of vascular

weeks

alveolar sacs form.

network, thinning of the

Surfactant production

air-blood barrier,

begins.

capillaries form bilayer in
septe

Alveolar

36 weeks

Alveolar formation.

Capillary bilayer fuses

to 2-3

into single thin layer

years

Accelerated vascular
growth

Postnatal

3 years to

Microvascular maturation

maturation

adulthood

with marked growth of
vessels as surface area
increases by more than 20
fold
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1.3 Interruption of Lung Development
There are many factors which may have damaging effects on the lungs, both before and
after birth. There is a complex interaction between all these factors: neonatal factors,
genetic factors, exposure to drugs and treatment regimes, which will influence the
respiratory system growth and development. (4) (See Fig 1)

Figure 1: Prenatal and post natal factors influencing lung growth and
development. SGA: small for gestational age; IUGR: intra-uterine growth
retardation. Reproduced from (4)
Infants born prematurely in the canalicular and saccular stages between 23 and 30
weeks are more likely to develop new BPD. (9) At this stage, there is insufficient
surfactant, few or no alveoli, and an inefficient gas exchange area which has not thinned
out into a single capillary layer. Given these limitations adequate gas exchange to
support life is difficult to achieve naturally.
After preterm birth the continuing development of the lungs takes part in an air
environment, rather than the fluid, hypoxic environment of the uterus.

This air

environment is high in oxygen, and may involve high pressures and increased cyclic
stretch due to ventilation.

Furthermore, the lack of endogenous surfactant in

combination with a tidal breathing cycle may result in repetitive end expiratory alveolar
collapse and shear injury to the alveolar epithelium. (10) The effects of this unnatural
environment on lung development are many and involve many adaptations to the
normal sequence of events.

Several growth factors which are responsible for the

regulation of vascular development and which act in the hypoxic environment of the
fetal lung are now exposed to this high oxygen environment.

This high oxygen

environment may result in impaired action of these growth factors. (3)
6

Detrimental postnatal events which may further contribute to the disruption to normal
lung development are the injury to the lungs inflicted by ventilation pressures,
infections, fluid overload, and nutritional deficiencies.
Repair factors such as nutritional support, and steroid treatment used in the management
of premature infants enhance lung growth and development. The arguments for and
against the use of steroids in the form of antenatal and postnatal glucocorticoids are
many and complex with potential advantages and disadvantages described for each.
Antenatal treatment can enhance fetal lung maturation and surfactant production
however repeated doses may have detrimental effects on lung growth. (11)

Postnatal

use can assist in weaning infants from mechanical ventilators but has been shown to
result in somatic growth failure and poor neurological outcome with an increased risk of
cerebral palsy. (11-13)
Structural immaturity of the lungs, and the reduced surfactant pool, are the main
contributors to the development of BPD. Both of these factors depend on the stage of
development of the lungs at the time of preterm birth.

1.4 History of BPD
BPD was first described in 1967 by Northway (14) and was seen in preterm infants who
developed severe respiratory symptoms following lung damage associated with
aggressive mechanical ventilation with high inspired oxygen concentrations.

This

landmark study included 32 infants who were born preterm having severe respiratory
distress syndrome who required 24 hours or more of 80-100 % oxygen via intermittent
positive pressure ventilation at high pressures (20-40cm water). The 13 infants who
survived had a mean gestational age of 34 weeks and a mean birth weight of 2234 gm.
Of these survivors, 5 developed chronic lung disease. This chronic lung disease, termed
bronchopulmonary dysplasia by Northway, was seen to be a prolongation of the healing
phase of respiratory distress syndrome, combined with damage due to oxygen toxicity.
Children with “classical BPD” have been reported to have excessive wheeze and cough,
with increased airways obstruction persisting into adulthood. (Extensively reviewed by
Narang (15)) The already reduced lung function in young adults with BPD, measured
as FEV1, deteriorates more rapidly than in normal subjects. (16)
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Recent reports indicate that the pathophysiology and nature of BPD have changed in
recent decades. Even before treatment with exogenous surfactants was available, the
pathology of BPD evolved to a less severe disease seen in increasingly premature
infants.

1.5 Advances in Neonatal Care
Technological advances in neonatal intensive care over recent decades have enabled the
survival of smaller and more immature infants. Compared to the original cohort
described by Northway (14) where the BPD survivors had a mean gestational age of 34
weeks and mean birth weight of 2234gm, BPD is now uncommon in infants born at
gestations greater than 30 weeks (17). In Western Australia in 2006, 469 infants
survived after being born at less than 32 weeks gestation (1.6 % of live births), and of
those 134 were born at less than 27 weeks (0.5 % of live births) (2). Many factors
contribute to this earlier survival, and include use of surfactant, changes in ventilation
strategies and oxygen exposure, and nutrition. This section will discuss the use of
surfactant since the 1990s, the general changes in ventilation practices and levels of
oxygen exposure which have contributed to decreased lung damage.

1.5.1 Surfactant
Surfactant replacement therapy (SRT) has resulted in a reduction in the incidence of
death, air leak syndromes and intraventricular haemorrhage in infants born
premature. (18) There are different treatment strategies described for the
administration of surfactant based on the time of administration. Prophylactic
therapy is an early intervention which provides a rapid increase in the surfactant
pool for infants at risk of developing respiratory distress syndrome (RDS).
Selective therapy is a later intervention which treats infants who have symptoms of
RDS.
The first exogenous surfactant received US Food and Drug Administration (FDA)
approval in 1990. (18) Surfactant is now usually derived from bovine lungs. In
order to administer surfactant, the infant undergoes endotracheal intubation,
followed by instillation of the surfactant through the tube into the lungs, and then
mechanical ventilation until the infant is stable. In Western Australia, exogenous
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surfactants were used in the clinical management of premature infants from 1992,
using an earlier preparation, Exosurf. From 1996, the currently used surfactant,
Survanta has been used in clinical management. (Dr Noel French, Neonatal
Pediatrics, KEMH, March 2009)

1.5.2 Changes in Ventilation
Mechanical ventilation is lifesaving in very premature infants but can contribute to
lung injury. Newer ventilation strategies using inspiratory flow synchronization,
faster rates with lower tidal volumes (and hence lower peak inspiratory pressures)
and shorter inspiratory times inflict less trauma on the preterm lung than earlier
methods. (19)

The development of alternative types of ventilation, such as non-invasive ventilation
through the use of continuous positive air pressure (CPAP), has resulted in a
reduction in the time an infant is subjected to conventional mechanical ventilation.
CPAP applies a positive distending pressure to the lungs and like surfactant,
prevents the collapse of the alveoli at the end of expiration, reducing the work of
breathing. In some institutions CPAP is used successfully without the need to
intubate the infant and apply surfactant. Such first intention CPAP treatment reduces
the number of infants requiring both surfactant and conventional ventilation.(10)

When intubation and mechanical ventilation is required, the aim is to minimize the
exposure to these interventions by early extubation to noninvasive CPAP treatment
as soon as possible.

1.5.3 Oxygen Therapy
Although oxygen is essential for life, in high concentrations it can be toxic. Injury
caused by oxygen toxicity is via the formation of free radicals and the peroxidation
of membrane lipids. Oxidative stress results as these free radicals cause direct
damage to airway and alveolar epithelium, and to capillary endothelium, and results
in permanent impairment of gas exchange. (20)

An indirect effect of oxygen

toxicity in premature infants is damage to the eyes through the development of
retinopathy of prematurity (ROP).
Adequate oxygen transfer from the maternal to fetal blood is achieved under
relatively hypoxic conditions with oxygen tensions of 20-30 mmHg compared to 50100 mmHg and above which may be experienced during mechanical ventilation and
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oxygen supplementation following preterm birth. (20) Premature infants are
susceptible to oxidative stress from these conditions because of their compromised
antioxidant defenses and have been shown to have reduced serum levels of
antioxidant enzymes such as super-oxide dismutase, glutathione peroxidase,
Vitamin E and -carotene. (20)
The ideal range for target oxygenation has not been determined, and may vary from
centre to centre, dependent on local protocols. An observational study conducted in
2001 found target saturations varied from 80-90 % in one unit to 94-98 % in
another. (21) In recent years there has been a trend towards reduced levels of
oxygenation to minimize the occurrence or severity of ROP. The Surfactant,
Positive Pressure, and Pulse Oximetry Randomized Trial (SUPPORT) study group
found that although a lower target range (85-89 %) compared to a higher target
range (91-95 %) resulted in reduced severity of ROP, it increased the risk of inhospital death. (22) Suggested targets are SpO2 of 87-92 % in the first week of life,
increasing to 89-94 % after 4 weeks of age. (19) Normal SpO2 in healthy adults and
children is 96-100 %.

1.6 New BPD
With the changes in neonatal care and the survival of extremely premature infants, the
pathology of BPD has also changed. It is still a common long-term complication of preterm birth but is rarely seen in infants born later than 32 weeks gestation.

This

evolution of a new BPD has necessitated a revised definition.

1.6.1 Definition
A consensus definition arose from the US National Institutes of Health (NIH)
workshop in 2000. (23)

This definition is based on supplemental oxygen

requirements, and severity is rated according to the level of respiratory support
required at 36 weeks post menstrual age (PMA). (see Table 2)
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Table 2: Definition of BPD. Adapted from (23)

BPD Definition for Infants Less than 32 weeks Gestation
Time Point of
assessment

36 weeks PMA or discharge home,
whichever comes first

No BPD

<28 days oxygen at time point

Mild BPD

≥ 28 days oxygen and breathing room air at
time point

Moderate BPD

≥ 28 days oxygen and still need for <30 %
oxygen at time point

Severe BPD

≥ 28 days oxygen and need for >30 % oxygen
and/or positive pressure ventilation at time
point,

The NIH consensus statement is the currently accepted definition of BPD and is
used in this thesis. It should be noted however, that this is not a diagnosis of disease
but rather a definition based on the duration of supplemental oxygen therapy. Under
this system, an infant receiving 28 days of oxygen falls into the BPD category, while
an infant receiving 27 days of oxygen would be preterm without BPD. A limitation
of this definition is the wide range of variations in local protocols for the instigation
of supplementary oxygen as there is no standard accepted level of oxygen
saturations at which oxygen supplementation is implemented. (23-25) The use of
the severity scale is also limited in that the actual concentration of inspired O2 is
uncertain unless the infant is ventilated or on CPAP. An advantage of this definition
is its simplicity, with no laboratory tests, or radiographic evidence included.
This consensus definition was validated by Ehrenkranz (25) in 2005 and was found
to

identify

a

spectrum

of

adverse

outcomes,

both

pulmonary

and

neurodevelopmental, in infants 18-22 months of age, more accurately than other
definitions.

We are unaware of any published studies in which this definition of

BPD has been used to validate outcomes in children after the immediate post-natal
period. As such it is not clear whether or not this definition is suitable for
identifying those infants that may go on to have significant respiratory and/or
neurodevelopment morbidities in later life.
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In Western Australia approximately 500 infants are born each year at less than 32
weeks gestation.(2) There is a potential for many of these to develop BPD and 30 %
of preterm infants born between 2000 and 2004 were classified as BPD according to
this currently accepted definition.

1.6.2 Pathology
“New BPD” is thought to be due to normal lung development being disrupted by
premature birth and subsequent therapeutic treatments rather than damage to the
lungs caused by ventilation and oxygen exposure as in “classical BPD”.

The

resulting pathology is therefore likely to be different from that of the “classical
BPD”. Information regarding the pathology of the lungs has been obtained from
autopsies of infants who have died of BPD and from animal studies.
Autopsies of deceased preterm infants revealed lungs with less inflammation and
fibrosis than in “classical BPD” but with abnormal accinar development and lung
vasculature with fewer, but larger, simplified alveoli, and inhibited capillary
development, with reduced gas exchange surface. (26, 27)
Studies of animal models have shown that preterm baboons delivered at 67 % of
gestation (with lung development equivalent to that of humans’ born between 23
and 30 weeks gestation) and treated with surfactant had reduced number of enlarged
alveoli and uneven microvasculature. (28) Surfactant treated preterm lambs had
similar lung pathology to the baboon model with the arrest of alveolar septation,
fewer larger alveoli and arrested vascular development (29).
There is less evidence of lung injury seen in both the clinical cases and animal
models compared to “classical BPD”. The pathophysiology is primarily related to
lung immaturity corresponding to the gestation of the infant at the time of birth and
involves the peripheral lung where alveolar and microvascular maturation have been
disrupted.

1.7 Previous Studies
Comparisons of previous studies assessing respiratory outcomes of new BPD are
difficult due to the wide variation of local protocols regarding treatment, different
definitions of BPD used, and many factors which have an impact on both preterm birth
and respiratory outcome. For this thesis, the discussion of previous studies reporting
12

outcomes in “new BPD” is confined to studies of children born in the surfactant era,
after the mid to late 1990s when surfactant administration was part of routine clinical
management of premature infants.

Children with new BPD born after 1995 are

currently aged less than ~14 years and as such there are very few studies reporting the
long-term respiratory outcomes.

1.7.1 Symptoms
There are reports of excessive wheeze at 8 years in children with BPD (30, 31), but
the subjects of these studies were born between 1990 and 1994, at a time of
transition to surfactant and routine antenatal steroids, with a low proportion
(approximately 30 %) receiving surfactant.

This rate of surfactant use is not

comparable to that used in the true surfactant period since the mid 1990s. Palta
reported the prevalence of wheeze in the past 12 months of 8 year old very low birth
weight children as approximately 30 %, which was twice the local and worldwide
prevalence. This cohort was born between 1990 and 1991 at a mean GA of 29
weeks. (32)
Reports of excessive wheeze in children born preterm also come from three studies
in which the cohorts were born during the post surfactant era. Hennessy (30) studied
a cohort of 236 subjects aged 5-7 years, born at a GA of 25 weeks or less in 1995
with and without BPD . The definition of BPD used was from the US National
Institutes of Health 2000 consensus as described above. Surfactant was used in 84
% of the infants. Wheeze in the past 12 months was 36 % in the BPD group and 20
% in the non BPD group which was 2-3 times that reported in local controls.
In a cohort of 182 extremely premature children aged 11 years born in 1995 at a
gestation of 25 weeks or less, where 85% of subjects received surfactant, Fawke
(33) reports 41% with current asthma compared to 20% in the control group. The
extremely preterm group also had a higher use of asthma medication (41% vs. 16%),
and exercise induced wheeze (34% vs. 13%). Those with BPD had significantly
more reports of wheeze in the past 12 months than those preterm subjects without
BPD. In a subgroup of 38 subjects from the same cohort Welsh (34), found that the
preterm group had a perceived reduced exercise capability and increased breathing
difficulty during exercise as assessed using a self assessment visual-analogue scale
compared to their peers. BPD was defined using the US National Institutes of
Health 2000 consensus definition as described above.
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The other study of 3-5 year olds born in 1998-2001, in which there was a high
proportion of infants receiving surfactant (88 % of BPD and 42 % of non BPD) was
reported by Vrijlandt. (35) The definition of BPD was the need for supplemental
oxygen at 28 days combined with radiographic manifestations, which differs from
that of the US National Institutes of Health consensus definition. (23) In this study,
symptom prevalence of 40 children born premature (less than 32 weeks, mean GA
28 weeks) with and without BPD, was obtained. A large proportion of both preterm
groups reported respiratory symptoms, including shortness of breath, cough and
wheeze in the past 12 months. The BPD and non-BPD groups were not significantly
different with 32 % and 39 % respectively reporting wheeze in the past 12 months.
There was no difference seen in the use of either inhaled ß-agonists or inhaled
corticosteroids between the groups. Those with BPD had significantly more hospital
admissions with respiratory syncytial virus (RSV) than those without BPD.
All these studies showed a high incidence of respiratory symptoms in children born
preterm, with wheeze in the past 12 months reported as between 36-39 % in BPD
subjects, and 20-32 % in non-BPD subjects. Even given the differing definitions of
BPD which were used, it is evident that children born preterm have a high
prevalence of respiratory symptoms compared to local controls. The BPD subjects
are more likely to require hospitalization due to RSV than those without BPD.

1.7.2 Lung Function
From the transitional period of surfactant use as described in the previous section,
Korhonen (31) demonstrated reduced force flows and hyperinflation (increased
Residual Volume (RV)) in 34 children aged 7-8 years with BPD, but not in preterm
children without BPD. Both preterm groups had reduced diffusing capacity of the
lung for carbon monoxide (DLCO) compared to the control group. As expected in
the transitional period the rate of surfactant use was low. In addition the definition
of BPD differed from the NIH consensus document with BPD being defined as a
requirement for supplemental O2 at 28 days and radiographic changes in the lungs.
(36)

A study by Smith (37), of a cohort consisting of 126 preterm subjects with a mean
GA of 27 weeks and 34 term controls born in 1992-1994, did not differentiate
between the BPD and non BPD subjects. The whole group of 10 year olds was
analysed as preterm. Surfactant use was not stated, but is also likely to be during the
14

transitional period of surfactant use.

Spirometry measurements showed all

parameters were reduced (FVC, FEV1, FEV1/FVC and FEF) in the preterm group
compared to the control group. Lung volumes, measured by plethysmography,
demonstrated the preterm children had reduced Total Lung Capacity (TLC) and
increased RV and Functional Residual Capacity (FRC), resulting in hyperinflation
as reported in the Korhonen study. (31) In contrast to the Korhonen study, Smith
found DLCO at rest was not impaired in the preterm children. The preterm children
were found to have a reduced exercise capacity of only 50 % of that in the controls
in a 20m shuttle run.

There is conflicting evidence of differences in lung volumes between the BPD
subjects and healthy controls, with the Malmberg (38) study finding an increase in
TLC in the BPD children, and the Smith study (37) finding the BPD subjects had
reduced TLC compared to the control group. Welsh found no significant difference
in TLC between extremely preterm and the control groups.

The differences in or absence of BPD classification in these transitional studies
make direct comparison difficult. However the results suggest that reduced forced
flows and hyperinflation is still a feature of BPD, with preterm children in general
having greatly reduced exercise capacity.

The only studies which report lung function in groups of preterm children born in
the true surfactant period are those of Vrijlandt (35) , Udomittipong (39), Fawke
(33) and Welsh (34). Udomittipong studied a group of 49 children with BPD at 3-7
years who were born in 1998-2001, where the rate of surfactant use was 78 %. The
mean GA of the cohort was 26 weeks. There were no controls in this study, neither
term controls nor preterm without BPD. Lung function was measured using the
forced oscillation technique (FOT), and this was shown to be feasible in this age
group. Resistance (Rrs) was increased, and reactance (Xrs) decreased compared to a
local healthy population. There was an association between neonatal factors and
lung function outcomes, with the increasing duration of supplemental oxygen in
hospital being associated with worsening Rrs and Xrs.

The study by Vrijlandt also describes FOT measurements, as well as Interrupter
Technique (Rint), on a group of similar age (3-5years) children who were born
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preterm between 1998 and 2001 with a high use of surfactant. The subjects were
classified as BPD or nonBPD, but as explained earlier, not using the consensus
definition, but by the need for supplemental oxygen at 28 days combined with
radiographic manifestations. Lung function measured by FOT showed increased
resonance frequency (fres) and frequency dependence of resistance, and lower mean
reactance in the BPD group compared to the nonBPD group. The resistance and
reactance at specific frequencies was not reported. Interrupter resistance (Rint) was
increased in both BPD and nonBPD groups compared to the controls.

This

increased resistance and decreased reactance was similar to that shown by
Udomittipong (39), although mean measurements across the frequency range rather
than measurements at specific frequencies were made.

Welsh (34) and Fawke (33) demonstrated significantly impaired lung function in a
cohort of 10 -11 year old children born extremely premature at less than 25 weeks
GA. The Fawke cohort, consisting of 182 subjects, exhibited reduced spirometry
parameters, with those with BPD further reduced. The classification of BPD was
that described in the NIH consensus document.(23) The Welsh study, examining a
subgroup of 38 subjects from the same cohort also showed reduced DLCO, and
increased RV and RV/TLC compared to the control group born at term gestation.
Maximal incremental exercise testing showed the premature subjects had lower peak
oxygen consumption, with a lower anaerobic threshold and reduced peak workload.
At peak exercise the preterm subjects breathed at higher frequencies but lower tidal
volumes than the term control subjects. Given the extreme prematurity of these
subjects, there are limitations in generalizing these results to a more diverse BPD
group with a wider range of maturities at birth.

Rint was also shown to be higher in BPD than nonBPD in a study by Kairamkonda
(40) although no details regarding use of surfactant or year of birth is given. All the
BPD subjects were classified as severe.

No published data describes the complete lung function of preterm children born in
the time of routine clinical use of surfactant comparable to current usage. Although
there are reports of resistance and reactance from FOT measurements, there is
limited spirometry, lung volumes or DLCO data available in these children.
Spirometry, lung volumes and DLCO are reported in 10-11 year olds, but in a
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relatively small cohort of 38 subjects, and limited to extremely premature gestations.
Complete data are not available for a range of gestations or BPD severities.

There is an association between the duration of supplemental oxygen use and
worsening of resistance and reactance in children with BPD. (39) It is not known if
this is also the case in preterm children without BPD and whether other factors,
including respiratory symptoms, may be important when preterm children without
BPD are included in analyses.

Excessive wheeze was a feature of earlier BPD cohorts, with those in the transitional
era of surfactant use having 2-3 times the prevalence of that reported locally and
worldwide. A high rate of wheeze (approximately 30 %) was reported for new BPD
from the true surfactant period, but because the local prevalence was not reported it
is not known if this represents a change in prevalence over recent years of preterm
birth.

1.8 Measures of Peripheral Lung Function
As described previously, the peripheral or distal lung is where the changes to normal
development have occurred following premature birth, so function of this region of the
lung is of great interest.
Respiratory reactance (Xrs) obtained using the FOT is made up of compliance and
inertance and describes the energy storage properties of the respiratory system. The
compliance component of Xrs reflects the stiffness of the lungs at the lower frequencies,
and therefore the properties of the lung parenchyma or distal lung. As described in the
previous section, increased Rrs and decreased Xrs have been shown in 3-7 year old
children born preterm with BPD (35, 39).
The measurement of lung volumes using the multiple breath nitrogen washout (MBNW)
method is a method of measuring lung volumes and gas mixing efficiency. The gas
mixing efficiency is measured by the calculation of the Lung Clearance Index (LCI).
This is further described in the methods chapter. LCI reference values are similar across
all age ranges after the neonatal period. An abnormally elevated index indicates uneven
ventilation distribution resulting from generalized peripheral airway obstruction or
reduced ventilation in some regions. LCI may be more sensitive to obstruction in the
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peripheral airways than other tests of airway obstruction. Children aged 2-16 years with
cystic fibrosis have been found to have a significantly elevated LCI compared to healthy
controls in the presence of normal FEV1. (41, 42)
The diffusing capacity of the lung for carbon monoxide (DLCO) is used to evaluate the
efficiency of gas transfer from the distal air spaces to the pulmonary capillaries. DLCO
can be abnormally increased or decreased in the presence of different lung disease. It is
known to be decreased in emphysema and parenchymal lung disease.

In children born

preterm, with developmental changes in the distal lung, a reduced DLCO would be
expected if the gas exchange efficiency of the alveoli is affected or in the presence of
abnormal pulmonary vascular development. DLCO has been shown to be reduced in
children aged 7-10 years born preterm during the “classical BPD” and the transitional
BPD eras. (31, 37, 38) In these studies DLCO was not adjusted to account for
differences in alveolar volumes. Welsh demonstrated reduced DLCO Z-scores in 11
year old children born extremely preterm in the transitional surfactant era and thus
accounting for differences in body size. (34)

The inclusion of FOT, LCI, and DLCO measurements in the investigation of respiratory
health of children born preterm in the surfactant era may assist in determining whether
changes in the peripheral lung are a feature of, or are a more sensitive measure of,
alterations in lung function compared to measurements of forced flow.

1.9 Aim and Hypotheses
The hypotheses that this thesis addresses are:
i. Children born less than 32 weeks gestation have lung function which is worse
than that of healthy term children, and those categorized as BPD have greater
abnormalities than those without BPD.
ii. Measurements of peripheral lung function are more reflective of respiratory
morbidity in premature children than measurements of central lung function and
the use of Forced Oscillation Technique allows abnormalities to be detected in
young children unable to perform more conventional tests.
iii. Respiratory function in premature children is related to events which occurred
during the neonatal period.

18

iv. Premature children with current respiratory symptoms have worse lung function
than those without symptoms.

This study has a number of specific aims designed to address these hypotheses and these
are:
o To characterize the lung function of young children born preterm in the
surfactant era, who are now aged between 4 and 7 years by measuring lung
function using Forced Oscillation Technique, Multiple Breath Washout,
Diffusing Capacity, and Spirometry. Addresses Hypotheses i. and ii.
o To investigate whether preterm children with BPD have been more severely
affected than those without BPD, in terms of both lung function and respiratory
symptoms. Addresses Hypotheses i and iii.
o To examine the contributions of neonatal events to the respiratory outcome.
Addresses Hypothesis iii.
o To collect respiratory symptom data via administered questionnaires and
examine the relationship between symptoms and lung function.

Addresses

Hypothesis iv.
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2 METHODS
2.1 Study Population
2.1.1 Pre-term Recruits
Children with a history of pre-term birth were identified from the King Edward
Memorial Hospital (KEMH), and the Princess Margaret Hospital (PMH) neonatal
databases. Data from inpatient medical notes were entered into the database after
initial discharge. Variables which were included in the database are listed below.
o

Birth weight

o

Gestational age

o

Sex

o

Plurality (single, twin, triplet)

o

Use of antenatal steroids

o

Apgar scores

o

Mechanical ventilation methods and duration

o

Supplemental oxygen concentration and duration

o

Number of infections

o

Incidence Intrauterine growth retardation

o

Details of adverse events such as Intraventricular hemorrhage, surgery,
Necrotizing enterocolitis.

Data was extracted for infants born at less than 32 weeks gestation born between
2000 and 2003.

Those with known major congenital abnormalities, including

congenital cardiac disease, and those with neurodevelopmental disability significant
enough to prevent lung function testing were excluded. Outlying and missing data
points were crossed checked with the hospital medical notes to verify accuracy, and
altered if found to be inaccurate.

Last known addresses were obtained from the Princess Margaret Hospital Patient
Information Database.

Children living in remote areas were excluded due to

perceived difficulties in having families attend PMH for the required testing.
Letters were posted to the remaining families inviting them to take part in the study.
Study information and a response form with an addressed postage pre-paid envelope
were included. (Appendix 1 and 2)
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Those who responded positively to this mail out were contacted immediately to
answer any further questions about the study, and then booked in for the first visit.
The aim was to recruit 80 BPD and 40 non BPD subjects. (See section 2.7 for more
details) Subjects were classified as BPD or non BPD according to the NIH
consensus definition described in chapter 1. (Section 1.6.1, Table 2)

Those who did not respond after 3 weeks of the mail out were contacted by
telephone and asked if they had received the information, and if so, were asked if
they would like to participate.

2.1.2 Healthy Control Recruits
An aged matched control group of children who were born at 37 weeks or more
gestation was recruited in various ways.
o Children whose families had previously indicated willingness to take part
in research studies at PMH
o Siblings of pre term recruits
o Email distribution lists for University of Western Australia, Australian &
New Zealand Society of Respiratory Science WA branch, Thoracic
Society of Australia and New Zealand WA branch, Telethon Institute
for Child Health Research
o Friends and family members of staff
o Notices in newsletters at local schools

Information sheets (Appendix 3) were posted to families, and then followed up by
phone calls after time was allowed for the information to be read.

Exclusion criteria for this group were birth earlier than 37 weeks gestation, a history
of wheeze or asthma, any neonatal respiratory disease, or a doctor diagnosis of
asthma. The aim was to recruit 40 healthy control subjects. (See Section 2.7 for
more details)
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2.2 Ethics Approval
This study has the approval of the Princess Margaret Hospital Ethics Committee.
(Registration No. 1217/EP)

The Ethics Committee is constituted, and operates in

accordance with the National Health and Medical Research Council’s National
Statement on Ethical Conduct in Research Involving Humans.

Informed written consent was obtained from parents prior to testing.

2.3 Protocol
An appointment was made for the children to visit the Respiratory Function Laboratory
at Princess Margaret Hospital with their parent and the following protocol was
followed.
o Parents were asked to read and sign a consent form. (Appendix 4)
o Anthropometric measurements (height and weight) recorded on data sheet.
(Appendix 5)
o Lung function testing performed.
o Respiratory health and socio-economic questionnaires administered.
(Appendix 6, 7 and 8)

2.4 Anthropometric Measurements
Height was measured in cm to the nearest 0.1 cm, using a stadiometer (Harpenden).
Children were barefooted or wearing socks. Weight was measured in kg to the nearest
0.1 kg using a digital chair scale (Wellsweigh). Children were weighed without shoes,
and without heavy outer clothing.

2.5 Lung Function Testing
All children underwent a series of lung function tests. The different tests varied in
difficulty and were attempted depending on the age and ability of each child. The lung
function tests were carried out in the following order.
o Forced Oscillation Technique (FOT)
o Lung volumes by Multiple Breath Nitrogen Washout (MBNW)
o Spirometry
o Diffusing capacity (DLCO)
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2.5.1 Forced Oscillation Technique (FOT)
FOT is a technique which requires minimal cooperation and no complex respiratory
manoeuvres so is ideal for use in young children. This method requires pressure
oscillations being applied to the respiratory system, and then measuring the way in
which it responds thus allowing for quantification of the mechanical properties of
the respiratory system. In this context these pressure oscillations are applied in a
frequency range of 4 Hz to ~40 Hz. Respiratory impedance (Zrs) describes this
response and is made up of resistance, compliance and inertance.
Zrs = resistance (Rrs) + compliance + inertance
The resistance component is dominated by airway resistance, and reflects airway
diameter and/or tone and as such should be reflective of narrowing or obstruction of
the airways. The compliance and inertance components or respiratory reactance
(Xrs) describe the energy storage properties of the respiratory system. The
compliance component of Xrs reflects the stiffness of the lungs at the lower
frequencies (for example < 15 Hz), and therefore the properties of the lung
parenchyma or distal lung, particularly relevant to the study of BPD. The inertive
component of Xrs dominates at high frequencies and is predominantly reflective of
upper airway mechanics. The frequency where compliance and inertia cancel each
other out, or where Xrs crosses the zero line, is the resonant frequency.
FOT was used to measure respiratory resistance and reactance over a medium
frequency range (8 and10 Hz).
guidelines. (43)

Testing was done according to international

Equipment used was I2M forced oscillation system (Chess

Medical, Ghent Belgium), mouthpiece/bacterial filter (SureGard Bacterial Filter
(Pink), BIRD Healthcare, Victoria, Australia), and nose clip (Polyplastics Pty Ltd,
Malaga, WA). The equipment was calibrated daily prior to testing.
The subject was instructed to insert the mouthpiece, incorporating a bacterial filter,
into the mouth, assuring the tongue and/or teeth were not blocking the mouthpiece
port. The nose clip was applied to the nose of the subject who was sitting with an
erect posture, relaxed shoulders with hands in their lap and breathing normally. An
assisting scientist provided support to the cheeks and floor of the mouth of the child
using hands on both sides of the face during measurements.
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The child was encouraged to breath normally through the mouthpiece while
measurements were being recorded. Each manoeuvre was accepted only if it met
acceptability criteria. These were:
o No swallowing, jaw or mouth movement, talking or other noises.
o No leak around mouth piece due to poor seal.
o Less than three (3) frequencies with coherence values <0.95
o Stable respiratory pattern.
Between three to five acceptable measurements with a standard deviation of less
than 10 % in resistance at 8 Hz were obtained, and these acceptable measurements
were averaged.

Outcome variables were reported from the average measurement. These variables
were
o

resistance at 8 Hz (Rrs8)

o

reactance at 8 Hz (Xrs8)

o

Frequency dependence of resistance (Fdep)

Rrs8 and Xrs8 were expressed as Z- scores derived from reference values from a local
healthy population. (44) In the current study, Z-scores for Rrs8 and Xrs8 were not
calculated for subjects outside the height range of the reference population: 92 – 127
cm. The Fdep from this local reference population was not related to height, weight,
age or gender, so raw data is reported. The mean Fdep from this reference population
was -0.102 +/- 0.0751 with the lower limit of normal being -0.252.

2.5.2 Lung volumes
MBNW is a method of measuring lung volumes and gas mixing efficiency. It is a
simple technique requiring tidal breathing to measure the Functional Residual
Capacity (FRC). As the subject inhales 100 % O2, the resident N2 is washed out of
the lungs, and the volume calculated from the amount of N2 washed out. The gas
mixing efficiency is measured by the calculation of the Lung Clearance Index (LCI).
This is the number of lung volume turnovers required to reduce the end tidal N2
concentration to 1/40 of the starting value. (45, 46)

As well as FRC, other lung volume subdivisions can be calculated from this test,
after the subject completes a maximal inspiration to Total Lung Capacity (TLC) and
24

a slow exhalation to Residual Volume (RV). These subdivisions are defined below
and illustrated in Figure 2.

Figure 2: Lung Divisions (47)
FRC: Functional Residual Capacity. Volume of air in the lungs at the end of a
quiet

exhalation

TLC: Total Lung Capacity. Total volume of air in the lungs at the end of a full
inhalation. Calculated using the formula: TLC = FRC + IC
IC:

Inspiratory Capacity. Maximal amount of air inspired after the end of a

normal expiration.
VC: Vital Capacity. The maximal amount of air that can be exhaled from a full
inspiration. It is usual to measure either FVC or SVC
FVC:

Forced Vital capacity. The maximal amount of air that can be forcefully

exhaled from a full inspiration.
SVC:

Slow Vital Capacity. The maximal amount of air that can be slowly

exhaled from a full inspiration.
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ERV: Expired Residual Volume. The maximal amount of air that can be exhaled
from the end of a normal exhalation, or FRC.
RV: Residual Volume. The volume of air remaining in the lungs after a maximal
exhalation. Calculated using the formula: RV = TLC – VC.

These individual capacities and volumes may be altered, either increased or
decreased in the presence of disease. This is illustrated in Table 3.

Table 3: Changes in lung volumes with disease.
Increased
Decreased
FRC, TLC, RV

Obstructive lung diseases
that cause gas trapping.

Restrictive lung diseases
Interstitial lung disease

Asthma
Chronic bronchitis
Emphysema
VC

Restrictive lung disease
Neuromuscular disease

In children born preterm, abnormally increased FRC, TLC and RV may indicate
airway obstruction with gas trapping.

Lung volumes were measured using a Multiple Breath Nitrogen Washout technique.
Testing was done on a Vmax 229 Encore system (Viasys Respiratory Care Inc,
California, USA), and followed recommended international guidelines. (48) Each
subject used an inline disposable filter/mouthpiece (SurGard Bacterial Filter
(purple)- BIRD Healthcare, Victoria, Australia) and nose clip (Polyplastics Pty Ltd,
Malaga WA). The equipment was calibrated daily according to manufacturer’s
instructions. This included a volume calibration using a 3 L calibration syringe,
calibration of the gas analyzers using a cylinder of 100 % oxygen (BOC), and a
calibration gas (16 % O2, 4 % CO2) (BOC Scientific- material code 28584D) Also a
verification procedure for FRC was carried out daily, using a calibration syringe
with a FRC adaptor set at 2.46 L.
The test manoeuvre was done in two parts, firstly measurement of FRC, and then
SVC.
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The FRC manoeuvre was explained and demonstrated to the child. The child was
seated and instructed to breathe tidally through the mouthpiece, with nose clip in
place. After a stable breathing pattern was established, the valves were reconfigured
to allow 100 % oxygen through the circuit. The child was coached to continue with
tidal breathing through the mouthpiece until the measured exhaled N2 % dropped
below 1.5 % for 3 consecutive breaths. Each manoeuvre was accepted if it met
acceptability criteria. These were:
o No leaks detected around mouthpiece
o Final Nitrogen below 1.5 %
o Stable breathing pattern maintained
Two acceptable FRC measurements with a variation of less than 10 % were
obtained and the average reported.

The second part of the manoeuvre, measurement of SVC, was then explained and
demonstrated to the child. After a stable tidal breathing pattern was established, the
child was instructed to inhale fully through the mouthpiece and then exhale
completely to RV, measuring Inspiratory Capacity (IC) and SVC. Two acceptable
SVC measurements, with a variation of less than 10 % were obtained, and the
largest Inspiratory Capacity (IC) reported and used for subsequent TLC and RV
calculations. The best VC is obtained from the largest of either the SVC from this
manoeuvre or FVC from the spirometry manoeuvre (see Spirometry 2.5.3).

Outcome variables reported were:
o FRC – Average of 2 acceptable measurements repeatable within 10 %
o IC – Largest of 2 acceptable measurements
o VC – Largest of 2 acceptable measurements
TLC was calculated using the following formula:
o TLC = FRC + Best IC
o RV = TLC – Best VC

FRC, TLC and RV were expressed as Z-scores derived from reference equations
published by Cook and Harman. (49)
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2.5.3 Spirometry
Spirometry is the most commonly used lung function test and measures lung
volumes and flows. It is used to diagnose obstructive lung diseases and is useful in
the diagnosis of restrictive disease. The most commonly measured parameters are:
FVC: Forced Vital Capacity: VC measured from a forced exhalation
FEV1: Forced Expiratory Volume in 1 second: Volume forcefully exhaled in
the first second.
FEF25-75: Forced Mid Expiratory Flow. The average flow in the middle 50 % of
the FVC
FEV1/ FVC: Ratio of FEV1 to FVC
Maximal air flow depends on the elastic recoil of the lungs and the compliance and
caliber of the airways. Obstruction in the airways, as in asthma or bronchitis, results
in reduced forced flows. Obstruction of the smaller, peripheral airways results in
reduced forced mid expiratory flows.

Spirometry was performed on Vmax 229 Encore system (Viasys Respiratory Care
Inc, California, USA) and each subject used an in-line disposable bacterial
filter/mouthpiece (SureGard Bacterial Filter (purple), BIRD Healthcare, Victoria,
Australia) and nose clip (Polyplastics Pty Ltd, Malaga, WA). The spirometer was
calibrated daily prior to testing using a 3 L calibration syringe, according to the
manufacturer’s instructions.

Testing was done according to recommended

international guidelines. (50)

The test manoeuvre was explained and demonstrated to the child. The child was
seated and instructed to breathe tidally through the mouthpiece, with nose clip in
place for 3-4 breaths. When a stable tidal breathing pattern was established, he/she
was instructed to inhale maximally to TLC, and then exhale forcefully, blasting the
air out as fast as possible, and to continue to exhale until the end-of-test criteria were
achieved. Each test was examined for acceptability and repeatability according to
the international guidelines. (50)

2.5.3.1 Acceptable test criteria
o No hesitation at the start-of-test, with the volume of back-extrapolation less
than 5 % of the FVC or 0.15 L, whichever is greater.
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o No coughing during the first second: no glottis closure, obstruction by the
tongue in the mouthpiece, or any leaks around the mouthpiece.
o End of test was reached if a plateau was achieved in the Volume-time curve.
The child was encouraged to continue exhaling for at least 6 seconds, or until
there was no volume change for at least one second, that is, achieved a
plateau. Young children may achieve this plateau in less than 6 seconds.
o At least 3 acceptable FVC efforts were recorded, and the test was judged as
repeatable when the two largest FVC, and FEV1 values agreed within 150
ml.
o If the start of test criteria were met, and the exhalation continued for at least
one second, but end of test criteria were not met, this was considered an
acceptable FEV1 , but not acceptable FVC.
o If the start of test criteria were met and the exhalation continued for at least
half of one second, but end of test criteria were not met, this was considered
an acceptable FEV0.5, but not acceptable FVC.
Because spirometry is an effort dependent test, cooperation and understanding by
the child was essential.
Outcome variables reported were FEV0.5, FEV0.75, FEV1, FVC, FEF25-75, and
FEV1/FVC. The reported FEV0.5, FEV0.75, FEV1 and FVC are the largest values
obtained from acceptable and repeatable manoeuvres, but not necessarily from the
same curve. The best FEF25-75 is reported from the "best" test. The "best" test is
defined as the manoeuvre with the largest sum of FVC and FEV1.
All variables were expressed as Z-scores derived from published reference data. (51)

2.5.4 Diffusing Capacity
The diffusing capacity of the lung for carbon monoxide (DLCO) is used to evaluate
the efficiency of gas transfer from the distal air spaces to the pulmonary capillaries.
Haemoglobin has a high affinity for Carbon Monoxide (CO), and the rate of transfer
is measured by the ratio of a known, low concentration of CO in the inspired air, to
the concentration in the expired air.

Diffusing capacity was measured by the Single Breath DLCO procedure using
Vmax 229 Encore system (Viasys Respiratory Care Inc, California, USA). Each
subject used an in-line disposable bacterial filter/mouthpiece (SureGard Bacterial
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Filter (purple) and nose clip (Polyplastics Pty Ltd, Malaga, WA). The test gas used
was from a compressed-gas cylinder with gas concentrations of 0.3 % CO, 0.3
%CH4, 21 % O2, and balance N2 (BOC scientific, material code 2883282G.). Prior
to each test, an automatic analyser calibration was performed. This included a zero
point and a full scale calibration. The zero point calibration samples room air and
calibrates the analysers to 0 % methane (CH4), and 0 % carbon monoxide (CO). For
the full scale calibration, the system samples gas from the test gas to calibrate the
analysers to 0.3 % CH4 and 0.3 % CO.

Testing was done following recommended international guidelines, (52)

The

procedure was explained and demonstrated to each child. He/she was instructed to
breathe tidally through the mouthpiece with the nose clip in place, and then exhale
slowly to residual volume, by continuing to breathe out until instructed to do
otherwise. After RV was reached, the child was instructed to inhale fully, hold
breath for 10 seconds, and then exhale fully.

To achieve an acceptable inhalation, the child was required to inhale 80 % of vital
capacity, as determined from previous spirometry and/or lung volumes
measurements, in less than 2.5 seconds. An acceptable breath hold technique was
one in which the child relaxed against the closed shutter, with no expiratory effort
against the closed airway (Valsalva manoeuvre) and no inspiratory effort against the
closed airway (Mueller manoeuvre).

Acceptability criteria for DLCO measurements are
o Inspired Vital Capacity should be at least 85 % of the patient’s best measured
VC. The DLCO may be under-estimated if the measured IVC is less than
this.
o Washout Volume should be 0.75 L to 1.0 L.
o Sample

(collection)

Volume

should

be

approx.

1.0

L

(ATS

recommendations).
o Breath Hold Time should be a minimum of 9 seconds.
o Two acceptable measurements should be repeatable within 10 % or 3 DLCO
units
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DLCO measurements were not adjusted for haemoglobin (Hb). All children were
assumed to have a normal Hb level.
The outcome variables reported are:
o DLCO (ml/mmHg/min)- averaged from two acceptable and repeatable
measurements.
o Alveolar Volume (VA (L) )
o DLCO/VA where the VA is the average from two acceptable DLCO
measurements

2.6 Respiratory Health and Socio-Economic Questionnaires
Three different questionnaires were administered:
o A socio-economic questionnaire to obtain information on educational, socioeconomic and ethnic background. (Appendix 6)
o A respiratory health questionnaire, which is a modified International Study
of Asthma and Allergies in Childhood (ISAAC) questionnaire (53)
(Appendix 7) was used to obtain history of respiratory symptoms, including
wheeze, cough, hay fever, and eczema, as well exposure to cigarette smoke.
o A recent symptoms questionnaire developed by Powell (54) (Appendix 8) to
obtain frequency and severity of symptoms in the previous 3 months. This
was introduced part way into the study.

2.7 Statistical Analysis
Data was analysed using SPSS 16.0 for Windows.

Previously obtained pilot data (55) comparing preterm children with and without BPD
and control children suggested that in order to detect a difference in Z score of one
between the three groups, for reactance at 6 Hz, 29 children would be required in each
group. In order to ensure sufficient children are able to successfully complete all lung
function testing, the aim was to recruit 40 children to the healthy and nonBPD groups
and 80 children to the BPD group to allow for subgroup analysis of those children with
more severe BPD.
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Continuous data are expressed as median (10th – 90th centiles) or median (range) where
low numbers did not allow for centiles calculations. Group comparisons between BPD,
non BPD and healthy groups were made using independent T tests and ANOVA with
Bonferroni Post Hoc analyses, or Mann-Whitney test for nonparametric data.
Significance was taken at the p<0.05 level. Significant values are documented and non
significant values are indicated by NS.

BPD and non BPD group comparisons of categorical data was made using Chi Square
analysis with significance taken at the p<0.05 level.

Univariate analysis using non parametric Spearman Correlation was used to determine
which neonatal and lung function variables should be included in a multivariate
analysis. Factors with a p value < 0.1 were included in a stepwise multiple linear
regression analysis to study the effects of neonatal factors on lung function in the
preterm children. Variables with F-values of ≤ 0.05 were included, and those with Fvalues of ≥ 1.00 were excluded.
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3 RESULTS
3.1 Study Group Demographics
A total of 150 subjects were recruited into the study. The group was made up of 128
children born preterm at less than 32 weeks gestation, and 32 controls who were born at
term. The preterm subjects were categorized as those with BPD and those without BPD
(nonBPD) according to the consensus definition from the US NIH in 2000 which was
described in Chapter 1. (23) Of the preterm children, 74 were BPD and 44 nonBPD.
All subjects were born between late 1999 and 2004. The BPD group consisted of 17
mild BPD subjects and 57 moderate/severe BPD subjects. Severity classification was
determined according to the consensus definition (23) with mild BPD breathing room
air at 36 weeks and the moderate/severe BPD breathing supplemental O2 at 36 weeks.
It was not possible to separate the moderate from the severe BPD subjects using the
neonatal data that was available. The preterm subjects were all treated at either King
Edward Memorial Hospital or Princess Margaret Hospital in Perth, Western Australia.
Those not born at these tertiary hospitals were transferred to one of these two tertiary
hospitals soon after birth.

Neonatal characteristics of the study group are shown in Table 4. The subjects in the
BPD group had significantly lower birth weights than the nonBPD children with a
median birth weight of 875 g compared to 1212 g. They were born at an earlier
gestational age (GA), had more days of ventilatory support (both Intermittent Positive
Pressure Ventilation (IPPV) and CPAP), and more days of supplemental oxygen. A
higher proportion of the BPD group received postnatal surfactant than the nonBPD
group. At 36 weeks PMA, 77 % of the BPD children still required supplemental
oxygen and 51 % were discharged while still requiring supplemental oxygen and
therefore were on a home oxygen program. The control group were of normal birth
weight, and born at term gestation (>37 weeks). Birth weight for GA was expressed as
a Z-score derived from the 1990 British Growth Reference Centiles (56) to determine
whether the birth weights were normal for gestation, and not small for age, for the
preterm subjects. There was no significant difference between the BPD, nonBPD and
control groups in these birth weight Z-scores.
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Table 4: Neonatal characteristics of the study population
Characteristics
Male/Female
Birth weight, g

Birth weight
Z-Score
GA, w

BPD
n=74
42/32

non-BPD
n=44
29/15

Term
n=32
15/17

825 *
(630-1310)

1212
(907-1642)

3367
(2848-3956)

-0.27
(-1.99 – 0.90)

-0.10
(-1.67 – 1.19)

-0.02
(-1.07 – 0.97)

26.1 *
(24.2-30.2)

29.4
(27.7-30.5)

40.0
(38.0-41.0)

IPPV, h

153 *
(21-987)

15
(0-89)

N/A

CPAP, h

384 *
(48-995)

44
(0-242)

N/A

61 (84 %)*

25 (57 %)

N/A

81 (35-116)*

5 (0-20)

N/A

Home O2, n (%)

38 (51 %)*

1 (2 %)

N/A

O2 at 36 wk PMA,
n (%)

57 (77 %)*

1 (2 %)

N/A

Surfactant, n (%)

Days on O2 in
hospital

Data is expressed as median (10th-90th centiles) unless otherwise specified.
* Significant difference (p<0.001) between BPD and nonBPD (ANOVA with Post
Hoc Bonferroni analysis)

The BPD group predominantly consisted of 77 % of moderate/severe subjects: the
remaining 23 % being classified as mild BPD. The moderate/severe group received
more days of IPPV and more days on O2 in hospital compared to the mild group. They
also had significantly lower birth weights than the mild group. Gestational ages, birth
weight Z-scores, CPAP and surfactant use were similar in both groups. (Table 5)
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Table 5: Neonatal characteristics of the BPD population
Characteristics
Moderate/Severe BPD
Mild BPD
n=57
n=17
33/24
9/8
Male/Female

P value
NS

780
(597-1266)

1040
(740-1430)

<.001

-0.39
(-2.12 – 0.79)

0.03
(-1.15 – 1.30)

NS

GA, w

26.0
(24.2-30.1)

26.5
(25.0-30.3)

NS

IPPV, h

279
(22-1097)

94
(12-324)

.001

CPAP, h

432
(48-1018)

226
(4-1008)

NS

Surfactant,
n (%)

47 (82 %)

14 (82 %)

NS

95 (50-121)

40 (29-79)

<.001

Birth weight, g

Birth weight
Z-Score

Days on O2 in
hospital

Data is expressed as median (10th-90th centiles) unless otherwise specified.
Analysis - Mann-Whitney non parametric test

At the time of testing, the subjects were aged between 4 and 8 years of age, and
characteristics of the group are shown in Table 6. The BPD group was significantly
shorter and of lower weight than the control group. However there was no significant
difference in height or weight between the BPD and nonBPD, or between the nonBPD
and control groups.
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Table 6: Characteristics of the study group at time of testing
Characteristics

b

n

t

non-BPD
n=44
6.0
(4.6-7.0)

Height, cm

111
(103-124)

112
(99-124)

115
(103-130)

b-n: NS
b-t: 0.024
n-t: NS

Weight, kg

19.1
(14.4-22.9)

19.6
(15.1-23.1)

20.3
(16.6-25.9)

b-n: NS
b-t: 0.014
n-t: NS

Age, y

Term
n=32
5.9
(4.4-7.8)

P value

BPD
n=74
5.8
(4.4-7.3)

b-n: NS
b-t: NS
n-t: NS

Data expressed as median(10-90th centiles)
Key for group comparisons:

b-n: BPD-nonBPD
b-t: BPD-Term
n-t: nonBPD-Term

Analysis by ANOVA with post hoc Bonferroni analysis:

3.2 Feasibility of Lung Function Tests
A test was considered successful if the child was able to perform an acceptable test
according to international guidelines as described in Chapter 2.

The different lung function tests involved varying degrees of difficulty. The more
complex tests resulted in fewer younger children being able to complete a test
successfully. The success rates in the different tests by age are shown in Table 7.

Not all children attempted all tests. If a child was unable to complete lung volumes or
spirometry, or was unwilling to continue, then DLCO was not attempted. This was then
considered an unsuccessful test.
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Table 7: Success rates according to age of child
Test

4yr
n =44

5yr
n = 36

6yr
n = 43

7yr
n = 27

Overall
n = 150

FOT

44
100 %

34
93 %

43
100 %

27
100 %

148
99 %

Spirometry
FEV1

13
30 %

18
50 %

37
86 %

25
93 %

93
62 %

Spirometry
FVC

10
23 %

15
42 %

22
51 %

22
81 %

69
46 %

Lung Volumes

2
4%

4
11 %

17
40 %

15
55 %

38
25 %

DLCO

0
0%

2
5%

11
25 %

16
59 %

29
19 %

Data expressed as no. of subjects achieving acceptability criteria, % of successful
tests.
FOT was the easiest test for the children to complete, as it involves only tidal breathing
and no complex respiratory manoeuvres. The overall success rate across all age groups
was 99 % with even the youngest children being able to complete an acceptable FOT
test. Spirometry with the completion of FEV1 was the next most achievable test with an
overall success rate of 62 %. The success rate improved with increasing age from 30 %
of the 4 year olds up to 93 % of the 7 year olds. Fewer children were able to complete a
full spirometry manoeuvre resulting in an acceptable FVC. The measurement of lung
volumes by Multiple Breath Washout was a difficult test with limited success in the
younger children: only 4 % of the 4 year olds were able to complete an acceptable test,
increasing with age up to 55 % of the 7 year olds. In lung volumes, a test was
considered successful if the child could complete an acceptable FRC, but not
necessarily a TLC. Overall 25 % of children were able to complete this test. DLCO
was the most difficult test with an overall success rate of 19 %, with no success in the 4
year olds, increasing up to 59 % of the 7 year olds.

3.3 FOT Results
Z-scores for Rrs8 and Xrs8 were not calculated for 7 healthy, 2 nonBPD and 1 BPD
subjects whose height was greater than 127 cm as this was beyond the height range of
the reference population. The preterm group which included both the BPD and nonBPD
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subjects had significantly reduced Z-Xrs8, Z-Rrs8 and Fdep from the term control group.
Results are shown in Table 8.
Table 8: FOT results. Term vs. Preterm
Parameter

Preterm

Term

p values

Z-Xrs8

-1.22
(-3.05 – -0.13)
113

-0.06
(-1.50 – 0.72)
25

<.001

Z-Rrs8

0.58
(-0.23 – 1.87)
113

0.17
(-0.93 – 1.14)
25

0.004

Fdep

-0.17
-0.10
(-0.29 – -0.06 ) (-0.19 – -0.01)
116
32

<.001

Data expressed as median, (10-90th centile), n
Analysis – Mann Whitney Non parametric test

When the preterm group was divided into subgroups of BPD and nonBPD, the BPD
subjects were found to have reduced Z-Xrs8 compared to the both the term and the
nonBPD groups. (Table 9, Fig 3) There was a trend of decreasing reactance with
increasing severity of disease from the controls, nonBPD, mild BPD through to
moderate/severe BPD. However there was no significant difference between the mild
BPD and the nonBPD groups. Fdep showed the same pattern with the moderate/severe
group being worse than the mild and nonBPD, which was worse than the term group.
(Table 9, Fig 4)

The BPD and nonBPD subjects had increased Z-Rrs8 compared to the term group. (Table
9, Fig 5) However there was no significant difference in resistance between the mild
and the moderate/severe BPD groups, nor between the BPD and nonBPD groups.
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Table 9: FOT results
Parameter

BPD
Mod/Sev

s

Mild

m

nonBPD
All BPD

n

Term

t

Z-Xrs8

-1.61
(-3.63 – -0.31)
54

-1.08
(-2.68 – -0.24)
17

-1.45
(-3.56 – -0.27)
71

-1.01
(-2.54 – 0.22)
42

-0.06
(-1.50 – 0.72)
25

Z-Rrs8

0.63
(-0.91 – 1.96)
54

0.32
(-0.56 – 1.77)
17

0.58
(-0.40 – 1.83)
71

0.59
(-0.13 – 2.00)
42

0.17
(-0.93 – 1.14)
25

Fdep

-0.19
(-0.33 – 0.08)
55

-0.16
(-0.26 – -0.12)
17

-0.19
(-0.32 – -0.05)
72

-0.15
(-0.26 – 0.03)
44

-0.10
(-0.19 – 0.01)
32

Data expressed as median, (10-90th centiles), n
Key for group comparisons:
b-n: BPD-nonBPD
b-t: BPD-Term
n-t: nonBPD-Term

p values

b

b-n: 0.022
b-t: <0.001
n-t: 0.001
s-m: 0.034
b-n: NS
b-t: 0.016
n-t: 0.003
s-m: NS
b-n: <0.05
b-t:<0.001
n-t: <0.05
s-m: NS

Analysis: Group comparisons: Mann Whitney Non parametric Test

s-m: Mod/Sev-Mild
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Figure 3: Z-Xrs8 according to disease severity
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Figure 4: Fdep according to disease severity
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Figure 5: Z-Rrs8 according to disease severity
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3.4 Spirometry Results
The preterm subjects had significantly reduced spirometry compared to the control
subjects. Z-scores were reduced in all spirometry outcomes. (Table 10)

Table 10: Spirometry results. Term vs Preterm
Parameter

Preterm

Term

Z-FEV1

0.49
(-0.83 – 2.51)
21

<0.0001

n

-0.44
(-1.94 – 1.11)
72

0.69
(-0.17 – 1.86)
17

0.043

n

0.00
(-1.18 – 1.76)
62

-0.19
(-1.25 – 0.99)
17

0.024

n

-0.72
(-2.23 – 0.68)
62

0.43
(-1.36 – 1.83)
17

0.001

n

-1.12
(-2.75 – 0.68)
62
-1.03
(-2.66 – 0.36)
72

0.28
(-1.01 – 2.20)
21

<0.0001

Z-FVC

Z-FEV1/FVC

Z-FEF25-75

Z-FEV 0.75
n

p values

Data expressed as median (10-90th centiles).
Analysis: Mann – Whitney Non Parametric Test

When the preterm group was divided into subgroups of BPD and nonBPD subjects, no
significant differences were found, however both these groups had reduced FEV1,
FEV0.75 and FEF25-75 compared to the term group. (Table 11, Fig 6, Fig 7, Fig 8, Fig 9)
There was also no significant difference between the mild BPD and the moderate/severe
BPD group in these parameters.

There was no difference in FVC or FEV1/FVC

between any groups.
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Table 11: Spirometry results
Parameter
Mod/Sev BPD

s

BPD
m
Mild BPD
-0.71

n

-0.51
(-2.05 – 1.00 )
39

-0.53

n

-0.12
(-1.37 – 1.95)
33
-0.87
(-2.23 – 1.05)
33

-0.70

-1.16
(-2.83 – 0.59)
33

-0.88

-1.11
(-3.01 – 0.20)
39

-0.88

Z-FEV1

Z-FVC

Z-FEV1/FVC
n

Z-FEF25-75
n
Z-FEV 0.75
n

7

7

7

7

7

Data expressed as median (10-90th centiles).
Key for group comparisons: b-n: BPD-nonBPD
b-t: BPD-Term
n-t: nonBPD-Term
s-m: Mod/SevBPD- Mild BPD

n

All BPD

b

-0.59
(-2.04 – 0.86)
46
-0.26
(-1.31 – 1.81)
40
-0.78
(-2.21 – 1.08)
40
-1.13
(-2.74 – 0.46)
40
-1.17
(-2.91 – 0.09)
46

t

nonBPD

Term

-0.01
(-1.86 – 1.28)
26

0.49
(-0.83 – 2.51)
21

p values

b-n: NS
b-t: p<0.0001
n-t: p< 0.05
s-m: NS
0.48
0.69
b-n: NS
(-1.09 – 1.64)
(-0.17 – 1.86)
b-t: NS
22
17
n-t: NS
s-m: NS
-0.66
-0.19
b-n: NS
(-2.39– 0.75)
(-1.25 – 0.99)
b-t: NS
22
17
n-t: NS
s-m: NS
-0.99
0.43
b-n: NS
(-2.94 – 1.24)
(-1.36 – 1.83)
b-t: p= 0.001
22
17
n-t: p< 0.05
s-m: NS
-0.80
0.28
b-n: NS
(-2.28 – 0.69)
(-1.01 – 2.20)
b-t: p<0.001
26
21
n-t: p< 0.01
s-m: NS
Analysis: BPD,nonBPD,Term comparisons: ANOVA with
Post Hoc Bonferroni analysis
Mod/SevBPD, Mild BPD: Mann Whitney Test
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Figure 6: Z-FEV1 according to respiratory category
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Figure 7: Z-FVC according to respiratory category
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Figure 8: Z-FEV1/FVC according to respiratory category
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Figure 9: Z-FEF25-75 according to respiratory category

3.5 Lung Volumes Results
Successful tests of lung volumes were limited, with only 25 % (38/150) of subjects
able to complete the test satisfactorily. In order to increase the power of the
statistical analysis, lung volumes data in a subgroup of 53 subjects who had
achieved technically successful tests in either this visit or in a follow-up visit 12
months later were analysed. Demographics of this subgroup are shown in Table
12. There was no significant difference between the groups in terms of age, height
or weight.

Table 12: Demographics of lung volumes subgroup
Characteristics

BPD
n= 26
7.2
(6.0 – 8.2)

non-BPD
n=14
7.1
(5.5 – 7.3)

Term
n=13
6.6
(5.2 – 8.3)

P value

Height, cm

118
(110 – 128)

120
(110 – 130)

125
(109 – 133)

NS

Weight, kg

22.0
(16.9 – 26.5)

23.6
(18.4 – 28.5)

23.3
(18.7 – 32.1)

NS

Age, y

NS

Data expressed as Median (10-90th centiles)

Analysis: AVOVA Post Hoc Bonferroni

Lung volume results are shown in Table 13 and Table 14. FRC and LCI have the
highest number of successful tests therefore more data were available for analysis. TLC
and RV have very limited numbers of tests.
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No significant differences were found in FRC, RV or TLC between preterm and term
groups, nor between BPD and nonBPD groups. LCI was significantly higher in the
preterm than the term subjects with median values of 6.88 and 6.59 respectively. No
significant differences were found between BPD and nonBPD subjects.

Due to small numbers, the groups were not further subdivided and analysed as to BPD
severity.
Table 13: Lung volumes. Preterm vs. Term
Parameter
Z-FRC

Term
0.22
(-1.72 – 4.36)
13

p values
NS

n

Preterm
0.58
(-1.29 – 3.26)
40

0.07
(-1.98 – 2.09)
7

NS

n

0.46
(-1.93 – 1.75)
20

0.12
(-1.24 – 1.53)
12

NS

n

0.57
(-2.03 – 2.76)
32

Z-RV

Z-TLC

6.88
6.59
(4.99 – 9.34)
(5.86 – 7.53)
40
13
n
Data expressed as median (range).
LCI

0.04

Analysis: Mann Whitney test
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Table 14: Lung Volumes. BPD, nonBPD, Term
b

Parameter
Z-FRC

n

t

n

BPD
0.58
(-1.10 – 3.26)
26

nonBPD
0.28
(-1.29 – 2.51)
14

Term
0.22
(-1.72 – 4.36)
13

p values
b-n: NS
b-t: NS
n-t: NS

n

0.68
(-1.66 – 1.75)
12

0.18
(-1.93 – 1.58)
8

0.07
(-1.98 – 2.09)
7

b-n: NS
b-t: NS
n-t: NS

n

0.56
(-2.02 – 2.76)
21

0.59
(-1.48 – 2.31)
11

0.12
(-1.24 – 1.53)
12

b-n: NS
b-t: NS
n-t: NS

n

6.86
(5.75 – 9.34)
26

7.02
(4.99 – 8.54)
14

6.59
(5.86 – 7.53)
13

b-n: NS
b-t: NS
n-t: NS

Z-RV

Z-TLC

LCI

Data expressed as median (range).
Key for group comparisons: b-n: BPD-nonBPD
b-t: BPD-Term
n-t: nonBPD-Term
Analysis: Anova with Post Hoc Bonferroni analysis

3.6 Diffusing Capacity
As for lung volumes measurements, successful DLCO tests were limited, with only
19 % (29/150) of subjects able to complete the test. DLCO data in a subgroup of 50
subjects who had successfully achieved technically acceptable results in either their first
visit or in a follow-up visit 12 months later were analysed. Demographic characteristics
of this subgroup are shown in Table 15. There is no significant difference in age or
weight between the preterm and control groups, but the Preterm subjects were
significantly shorter than the controls.

Although the DLCO and VA are significantly lower in the preterm subjects, there is no
difference evident when expressed as DLCO/VA. (Tables 16 and 17) DLCO was not
adjusted for haemoglobin and raw values are reported.
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There was no difference seen between the BPD and non BPD groups in DLCO, VA or
DLCO/VA. (Table 17) Due to small numbers, the groups were not further subdivided
and analysed as to BPD severity.

Table 15: Demographics of DLCO subgroup
b

nonBPD

n= 25

n= 11

n= 15

Age, y

7.3
(5.4 – 8.4)

7.1
(5.7 – 7.8)

7.2
(5.9 – 8.7)

Height, cm

121
(110 – 133)

121
(105 – 128)

127
(116 – 136)

Weight, kg

22.6
(16.9 – 33.0)

21.9
(17.3 – 29.9)

23.5
(19.2 – 32.7)

Characteristics

BPD

n

Term

t

p values

b-t: NS
b-n: NS
n-t: NS
b-t: NS
b-n: NS
n-t: <.04
b-t: NS
b-n: NS
n-t: NS

Data expressed as Median (10-90th centiles)

Key for group comparisons: b-n: BPD-nonBPD
b-t: BPD-Term
n-t: nonBPD-Term
Analysis by ANOVA with post hoc Bonferroni anaylis

Table 16: DCLO results. Preterm vs. Term
Parameter

DLCO, ml/mmHg/min

VA, litres

DLCO/VA

Preterm

Term

n= 36

n=15

11.1

12.8

(8.5-13.7)

(9.8-15.7)

1.88

2.22

(1.4-2.4)

(1.8-2.5)

5.70

6.00

(5.0-6.8)

(5.0-7.0)

p values

p < .005

p < .05

NS

Data expressed as Median (10-90th centiles)
Analysis by Mann-Whitney Test
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Table 17: DLCO results. BPD, nonBPD, Term
Parameter

BPD

nonBPD

n

Term

t

n =25

n= 11

n=15

10.9

11.4

12.8

(9.3 – 14.8)

(7.4 – 13.3)

(9.8 – 15.7)

DLCO,
ml/mmHg/min

b

p values

b-n: NS
b-t: <0.05
n-t: <0.01

VA, litres

1.92

1.71

2.22

b-n: NS

(1.59 – 2.68)

(1.37 – 2.21)

(1.84 – 2.49)

b-t: NS
n-t: <0.05

5.42

6.26

5.96

b-n: NS

(4.99 – 6.64)

(4.98 – 6.92)

(4.47 –7.33)

b-t: NS

DLCO/VA

n-t: NS
Data expressed as median (range).
Key for group comparisons: b-n: BPD-nonBPD
b-t: BPD-Term
n-t: nonBPD-Term
Analysis: Anova with Post Hoc Bonferroni analysis

3.7 Symptoms
Information regarding the prevalence of symptoms was obtained from administered
questionnaires which were described previously. (Methods- Chapter 2) The prevalence
of respiratory symptoms is shown in Table 18. The control group, by definition, had no
respiratory symptoms and is therefore not shown in the table of results. There was no
significant difference seen in prevalence of symptoms between the BPD and nonBPD
groups. Both groups had a high rate of reported wheeze ever (71 % and 65 %). The
rate of doctor diagnosed asthma was 24 % and 32 % for BPD and nonBPD subjects
with 14 % and 20 % being on current asthma medication. Approximately 35 % of both
BPD and nonBPD subjects suffered respiratory symptoms on exertion in the previous 3
months, with cough being the most commonly experienced symptom, followed by
shortness of breath, and then wheeze. The questionnaire for recent symptoms in the
previous 3 months was introduced part way into the study, and was completed in 98/118
(83 %) of the preterm subjects.

48

Table 18: Respiratory symptoms
Symptom

BPD

nonBPD

p value
(Chi-square)

Wheeze ever

52/74

71 %

29/44

66 %

NS

Wheeze in last 12m

24/74

32 %

11/44

26 %

NS

Asthma ever (parental report)

20/74

27 %

15/44

35 %

NS

Doctor diagnosed asthma

18/74 24 %

14/44

32 %

NS

Current asthma medication (any)

10/74

14 %

9/44

20 %

NS

Relievers only

4/74

5.4 %

4/44

9.1 %

Relievers + inhaled Steroids

4/74

5.4 %

4/44

9.1 %

NSAIDS

2/74

2.7 %

1/44

2.1 %

Cough W/O cold ever

30/74

40 %

18/44

40 %

NS

Cough W/O cold last 12m

21/74

28 %

15/44

34 %

NS

Symptoms on exertion (any)last 3m 22/61

36 %

13/37

35 %

NS

Wheeze

9/61

15 %

6/37

15 %

NS

Cough

18/61

30 %

12/37

32 %

NS

SOB

16/61

26 %

7/37

19 %

NS

Data expressed as n, % of group with symptoms.
Current asthma medications shown as total with any medications, followed by
subgroups receiving different combinations of medications. Relievers (salbutamol,
ventolin, asmol), inhaled steroids (Flixotide)
NSAIDS – non steroidal anti-inflammatory drugs (Intal)
SOB – Short of breath

Questions regarding health history revealed that 27 % of BPD and 25 % of nonBPD had
additional health concerns to those described in Table 18.
problems reported by parents.

Table 19 lists the various

Developmental delay (including speech delay and

autism) was reported in 6.8 % of both BPD and nonBPD groups. Other health problems
included hearing or ear related problems (8.1 %), eyesight problems (4.1 %) and poor
weight gain (4.1 %) in the BPD group only. Cerebral palsy (CP) described as mild by
the parents, was present in 2 of the BPD and 3 of the nonBPD subjects. There were no
significant differences between the BPD and nonBPD groups in any of these reported
concerns.
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Table 19: Other health problems
Area of Concern

BPD

nonBPD

n=74

n=44

p value

21

28 %

11

25 %

NS *

Developmental delay/speech

5

6.8 %

3

6.8 %

NS #

Ear /hearing

6

8.1 %

0

NS #

Eyes

3

4.1 %

0

NS #

Poor weight gain

3

4.1 %

0

NS #

CP

2

2.7 %

3

6.8 %

NS #

Other

6

8.1 %

6

13.6 %

NS #

Additional health concerns (total)

Data expressed as n, % of group.
*Chi-square analysis
# Fisher exact test
CP- cerebral palsy

3.8 Exposure to Tobacco Smoke
Exposure to tobacco smoke is shown in Table 20. The term group had a higher
proportion of non smoking parents with 75 % of subjects living in non-smoking
households compared to 66 % and 68 % of BPD and nonBPD subjects respectively but
this was not a statistically significant difference. Many children had their time split
between two households, with different combinations of biological parents, partners of
biological parents and grandparents being caregivers for varying lengths of time. For
example, a child having a father that smokes may be living permanently with him, or
may spend only one weekend a month with that parent. Quantification of exposure to
tobacco smoke was therefore not possible. Only two families allowed smoking inside
the home, both of which belonged to the BPD group.

No differences were found in lung function between those with and with out exposure to
tobacco smoke. (Table 21) The subjects who had either parent smoke, whether inside or
outside the home, were analyzed as having exposure to tobacco smoke.
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Table 20: Exposure to tobacco smoke
Parental smoking

BPD

nonBPD

Term

Chi-

n=74

n=44

n=32

square

Neither parent smokes

49/74 66 %

30/43 68 %

24/31 75 %

NS

Father smokes, mother doesn’t

11/74 15 %

4/43

9%

3/31

10 %

Mother smokes, father doesn’t

9/74

12 %

6/43

14 %

0/31

0%

Both parents smoke

5/74

7%

3/43

7%

4/31

13 %

Unknown

0

1

1

Smoking inside the home

2

0

0

Data expressed as n, % of group.

Table 21: Lung function and exposure to tobacco smoke
Parameter

No Exposure

Yes Exposure

Z-Xrs8

-1.40
(-2.85 – -0.13)
44
0.62
(-0.24 – 1.84)
44
-0.16
(-0.29 – -0.06)
45
-0.45
(-2.05 – 1.10)
39

-1.23
(-3.27 – -0.07)
26
0.48
(0.12 – 2.08)
26
-0.17
(-0.27 – -0.04)
28
0.20
(-1.86 – 1.28)
27

NS

Z-FVC

0.02
(-1.12 – 1.71)
31

0.03
(-1.38 – 1.94)
25

NS

Z-FEV1/FVC

-0.71
(-2.39 – 0.97)
31

-0.87
(-1.95 – 0.35)
25

NS

-0.88
-1.13
(-2.99 – 1.09) (-2.81 – 0.45)
31
25
-1.05
-0.77
Z-FEV0.75
(-2.87 – 0.36) (-2.74 – 0.68)
39
27
th
Data expressed as median, (10-90 centiles), n.

NS

Z-Rrs8

Fdep

Z-FEV1

Z-FEF25-75

p values

NS

NS

NS

NS

Analysis: Mann Whitney non parametric Test
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3.9 Relationship between Z-Xrs8 and Symptoms
Z-Xrs8 was significantly reduced in preterm subjects who had wheezed at any time in the
past, compared to those without a history of wheeze. When this group was subdivided
into BPD and nonBPD, this difference was only evident in the BPD group, not the
nonBPD group (Table 22).

Table 22: Z-Xrs8 with and without wheeze at any time in the past

All Preterms

BPD

nonBPD

No Wheeze Ever

Wheeze ever

P value

-0.99

-1.54

0.014

(-2.19 – -0.08)

(-3.45 – -0.12)

36

77

-1.14

-1.64

(-2.04 – -0.25)

(-3.65 – 0.26)

21

50

-0.74

-1.08

-(2.54 – 0.41)

-2.56 – 0.26)

15

27

0.013

NS

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test

Those subjects who had wheezed at any time in the past were sub grouped into current
wheeze (wheeze in the last 12 months) and past wheeze (no wheeze in the past 12
months). This is shown in Table 23. Z-Xrs8 was significantly reduced in preterm
subjects with either past wheeze or current wheeze compared to those without a history
of wheeze. The BPD subjects with current wheeze had reduced Z-Xrs8 compared to
those who had never wheezed. There were no differences in Z-Xrs8 in the nonBPD
subjects between any wheeze categories.
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Table 23: Z-Xrs8 and current or past wheeze
Never Wheeze n Past Wheeze p Current Wheeze c P value
All Preterms -0.99

BPD

nonBPD

-1.28

-1.88

n-p: 0.041

(-2.19 – -0.08)

(-3.08 – -0.15)

(-3.73 – -0.08)

n-c: 0.023

36

45

32

p-c: NS

-1.14

-1.61

-1.91

n-p: NS

(-2.04 – -0.25)

(-3.45 – -0.19)

(-3.75 – -0.34)

n-c: 0.010

21

28

22

p-c: NS

-0.74

-1.13

-0.61

n-p: NS

-(2.54 – 0.17)

(-2.53 – 0.03)

(-3.64 – 0.37)

n-c: NS

15

17

10

p-c: NS

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test
Key for group comparisons: n-p: Never wheeze- Past wheeze
n-c: Never wheeze- Current wheeze
p-c: Past wheeze- Current wheeze

Table 24 shows similar analyses of Z-Xrs8 and relationship to a history of cough without
a cold. There was no significant difference between the Z-Xrs8 in those with and without
cough without cold either at any time or in the last 12 months.
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Table 24: Z-Xrs8 and history of cough without cold

All Preterms

BPD

nonBPD

All Preterms

BPD

nonBPD

No Cough W/O Cold

Cough W/O cold ever

P value

-1.19

-1.31

NS

(-3.04 – -0.23)

(-3.47 – 0.03)

66

47

-1.21

-1.59

(-3.53 – 0.24)

(-3.60 – -0.46)

42

29

-1.11

-0.66

(-2.67 – 0.25)

(-2.54 – -0.08)

24

18

No Cough w/o cold last

Cough w/o cold last

12m

12m

-1.21

-1.28

(-2.90 – -0.23)

(-3.70 – 0.12)

78

35

-1.29

-1.86

(-3.27 – -0.24)

(-3.78 – -1.11)

52

19

-1.10

-0.62

(-2.51 – 0.00)

(-2.91 – 0.27)

26

16

NS

NS

NS

NS

NS

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test

Table 25 shows the relationship between Z-Xrs8 and symptoms with exercise in the last 3
months.

The BPD subjects who had symptoms with exercise, reported as cough,

shortness of breath or wheeze, had significantly reduced Z-Xrs8 compared to those
without symptoms. This was not so with the nonBPD subjects nor the combined
preterm group.
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Table 25: Z-Xrs8 and symptoms with exercise

All Preterms

BPD

nonBPD

No Symptoms with

Symptoms with

exercise last 3 m

exercise last 3 m

-1.08

-1.54

(-2.56 – -0.21)

(-3.56 – 0.05)

58

35

-1.20

-1.96

(-3.13 – -0.23)

(-3.77 – -0.66)

34

24

-0.94

-0.52

(-2.53 – -0.06)

(-2.30 – 0.30)

24

11

P value

NS

0.007

NS

All data expressed as median (10-90th centiles), n.
Comparison of means Mann-Whitney test

3.10 Relationship between Z-Rrs8 and Symptoms
Examination of the relationship between Z-Rrs8 and wheeze at any time in the past is
shown in Table 26 and with current and past wheeze in Table 27. No difference was
seen between those with and without a history of wheeze, either ever or with current or
past wheeze in any group.

Table 28 shows the same analyses for Z-Rrs8 and history of cough without cold. Again
there was no difference between those with and without a history of cough without cold
in any of the study groups.

There was also no difference seen in those with and without symptoms with exercise as
shown in Table 29.
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Table 26: Z-Rrs8 with and without wheeze at any time in the past

All Preterms

BPD

nonBPD

Never Wheeze

Wheeze Ever

P value

0.45

0.58

NS

(-0.28 – 1.85)

(-0.24 – 1.91)

36

77

0.46

0.58

(-0.50 – 1.44)

(-0.24 – 1.89)

21

50

0.44

0.95

(-0.15 – 2.39)

(-0.16 – 1.96)

15

27

NS

NS

All data expressed as median (10-90th centiles), n.
Comparison of means Mann-Whitney test

Table 27: Z-Rrs8 and current or past wheeze
Never Wheeze n Past Wheeze p Current Wheeze c P value
All Preterms 0.45

BPD

nonBPD

0.55

0.64

n-p: NS

(-0.28 – 1.85)

(-0.22 – 1.83)

(-0.46 – 2.00)

n-c: NS

36

45

32

p-c: NS

0.45

0.41

0.64

n-p: NS

(-0.50 – 1.44)

(-0.30 – 1.92)

(-0.46 – 1.97)

n-c: NS

21

28

22

p-c: NS

0.44

0.95

0.85

n-p: NS

(-0.15 – 2.39)

(-0.16 – 1.84)

(-0.77 – 2.45)

n-c: NS

15

17

10

p-c: NS

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test
Key for group comparisons: n-p: Never wheeze- Past wheeze
n-c: Never wheeze- Current wheeze
p-c: Past wheeze- Current wheeze
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Table 28: Z-Rrs8 and cough without cold

All Preterms

BPD

nonBPD

All Preterms

BPD

nonBPD

No Cough W/O Cold

Cough W/O cold ever

P value

0.63

0.46

NS

(-0.14 – 1.85)

(-0.31 – 1.96)

66

47

0.58

0.46

(-0.43 – 1.88)

(-0.44 – 1.76)

42

29

0.70

0.39

(0.01 – 1.87)

(-0.34 – 2.44)

24

18

No Cough W/O cold

Cough W/O cold last

last 12 m

12 m

0.59

0.46

(-0.13 – 1.82)

(-0.48 – 2.19)

78

35

0.53

0.58

(-0.23 – 1.83)

(-0.56 – 2.02)

52

19

0.79

0.34

(-0.05 – 1.86)

(-0.45 – 2.46)

26

16

NS

NS

NS

NS

NS

All data expressed as median (10-90th centiles), n.
Comparison of means Mann-Whitney test
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Table 29: Z-Rrs8 and symptoms with exercise

All Preterms

BPD

nonBPD

No Symptoms with

Symptoms with

exercise last 3 m

exercise last 3 m

0.51

0.58

(-0.18 – 1.91)

(-0.39 – 1.55)

58

35

0.44

0.66

(-0.62 – 1.96)

(-0.22 – 2.01)

34

24

0.59

0.26

(-0.10 – 1.93)

(-0.75 – 1.35)

24

11

P value

NS

NS

NS

All data expressed as median (10-90th centiles), n.
Comparison of means Mann-Whitney test

3.11 Relationship between Fdep and Symptoms
Fdep was significantly reduced in preterm subjects who had wheezed at any time in the
past, compared to those without a history of wheeze. When this group was subdivided
into BPD and nonBPD, this difference was not significant in either group. (Table 30)
The nonBPD subgroup with past wheeze had significantly reduced Fdep compared to
those who had never wheezed, but not compared to those with current wheeze. (Table
31)

Table 32 shows the same analyses for Fdep and history of cough without cold. There
was no difference between those with and without a history of cough without cold in
any of the study groups.

There was also no difference seen in the preterm group or in the BPD group in those
with and without symptoms with exercise as shown in Table 33. However in the
nonBPD group, those with exercise symptoms had reduced Fdep compared to those
without symptoms.
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Table 30: Fdep with and without wheeze at any time in the past

All Preterms

BPD

nonBPD

No Wheeze ever

Wheeze ever

P value

-0.15

-0.19

0.025

(-0.22 – -0.05)

(-0.30 – -0.07)

36

80

-0.17

-0.20

(-0.31 – -0.06)

(-0.32 – -0.10)

21

51

-0.14

-0.15

(-0.21 – -0.05)

(-0.26 – -0.04)

15

29

NS

NS

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test

Table 31: Fdep and current or past wheeze
Never Wheeze n Past Wheeze p

Current Wheeze c

P value

-0.19

-0.19

n-p: 0.042

(-0.22 – -0.05)

(-0.29 – -0.08)

(-0.31 – -0.06)

n-c: NS

36

46

34

p-c: NS

-0.17

-0.19

-0.21

n-p: NS

(-0.31 – -0.06)

(-0.32 – -0.07)

(-0.35 – -0.13)

n-c: NS

21

29

22

p-c: NS

-0.14

-0.18

-0.11

n-p: 0.043

(-0.21 – -0.05)

(-0.28 – -0.07)

(-0.26 – -0.03)

n-c: NS

15

17

12

p-c: NS

All Preterms -0.15

BPD

nonBPD

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test
Key for group comparisons: n-p: Never wheeze- Past wheeze
n-c: Never wheeze- Current wheeze
p-c: Past wheeze- Current wheeze
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Table 32: Fdep and cough without cold

All Preterms

BPD

nonBPD

All Preterms

BPD

nonBPD

No Cough W/O Cold

Cough W/O cold ever

P value

-0.17

-0.18

NS

(-0.29 – -0.05)

(-0.29 – -0.08)

69

47

-0.20

-0.19

(-0.32 – -0.06)

(-0.33 – -0.13)

43

29

-0.15

-0.14

(-0.26 – -0.04)

(-0.26 – -0.05)

26

18

No Cough W/O cold

Cough W/O cold last

last 12m

12m

-0.18

-0.16

(-0.29 – -0.06)

(-0.29 – -0.07)

81

35

-0.20

-0.18

(-0.32 – -0.08)

(-0.36 – -0.10)

53

19

-0.15

-0.14

(-0.25 – -0.05)

(-0.25 – -0.05)

28

16

NS

NS

NS

NS

NS

All data expressed as median (10-90th centiles), n.
Comparison of means Mann-Whitney test
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Table 33: Fdep and symptoms with exercise

All Preterms

BPD

nonBPD

No Symptoms with

Symptoms with

exercise last 3m

exercise last 3m

-0.18

-0.16

(-0.27 – -0.07)

(-0.33 – -0.05)

59

37

-0.19

-0.22

(-0.32 – -0.08)

(-0.36 – -0.12)

35

24

-0.16

-0.10

(-0.25 – -0.06)

(-0.21 – -0.03)

24

13

P value

NS

NS

0.01

All data expressed as median (10-90th centiles), n.
Comparison of means Mann-Whitney test

3.12 Relationship between FEV1 and Symptoms
There was no difference seen in FEV1 between those with and without a history of
wheeze at any time in the past. (Table 34) Analysis of current and past wheeze showed
the nonBPD group with past wheeze had reduced FEV1 compared to those who had
never wheezed. This was not seen in those with current wheeze nor in the BPD group.
(Table 35) No differences were seen in FEV1 between those with and without a history
of cough without cold, or exercise symptoms in all study groups. (Tables 36 and 37)
Similar results were found in all other spirometry variables, FEV 0.5, FEF25-75,
FEV1/FVC and FVC, that is no difference in those with and without wheeze, cough
without cold, or exercise symptoms. (data not presented)
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Table 34: FEV1 with and without wheeze at any time in the past

All Preterms

BPD

nonBPD

No wheeze ever

Wheeze Ever

P value

0.00

-0.45

NS

(-2.35 – 1.20)

(-2.72 – 1.33)

17

55

0.18

-0.64

(-2.35 – 1.20)

(-2.72 – 1.23)

8

38

-0.13

-0.04

(-1.99 – 0.61)

(-2.23 – 1.33)

9

17

NS

NS

All data expressed as median (range), n.
Comparison of means Mann-Whitney test

Table 35: FEV1 and current or past wheeze
Never Wheeze n Past Wheeze p Current Wheeze c P value
All Preterms 0.00

BPD

nonBPD

-0.45

-0.48

n-p: NS

(-2.35 – 1.20)

(-2.04 – 1.10)

(-2.39– 1.38)

n-c: NS

17

29

26

p-c: NS

0.18

-0.64

-0.66

n-p: NS

(-2.35 – 1.20)

(-2.05 – 0.18)

(-2.39 – 1.23)

n-c: NS

8

22

16

p-c: NS

-0.13

-0.59

-0.34

n-p: 0.050

(-1.99 – 0.61)

(-0.48 – 1.30)

(-2.32 – 1.33)

n-c: NS

9

7

10

p-c: NS

All data expressed as median (10-90th centiles), n
Comparison of means Mann-Whitney test
Key for group comparisons: n-p: Never wheeze- Past wheeze
n-c: Never wheeze- Current wheeze
p-c: Past wheeze- Current wheeze
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Table 36: FEV1 and cough without cold

All Preterms

BPD

nonBPD

All Preterms

BPD

nonBPD

No Cough W/O Cold

Cough W/O cold ever

P value

-0.29

-0.66

NS

(-2.32 – 1.33)

(-2.72 – 1.28)

41

31

-0.51

-0.66

(-2.04 – 1.20)

(-2.72 –1.23)

25

21

0.02

-0.51

(-2.32 – 1.33)

(-1.81 – 1.28)

16

10

No Cough W/O cold

Cough W/O cold last

last 12 m

12 m

-0.24

-0.76

(-2.72 – 1.33)

(-2.39 – 1.28)

48

24

-0.51

-0.81

(-2.72 – 1.20)

(-2.39 – 1.23)

31

15

0.04

-0.72

(-2.32 – 1.33)

(-1.81 – 1.28)

17

9

NS

NS

NS

NS

NS

All data expressed as median (range), n.
Comparison of means using Mann-Whitney test
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Table 37: FEV1 and symptoms with exercise

All Preterms

BPD

nonBPD

No Symptoms with

Symptoms with

exercise last 3 m

exercise last 3 m

-0.34

-0.20

(-2.72 – 1.30)

(-2.39 – 1.33)

32

23

-0.53

-0.66

(-2.72 – 1.23)

(-2.39 – 1.00)

20

15

-0.01

0.62

(-1.99 – 1.30)

(-1.46 – 1.33)

12

8

P value

NS

NS

NS

All data expressed as median (range), n
Comparison of means using Mann-Whitney test.

3.13 Relationship between Lung Volumes, DLCO and
Symptoms
With limited numbers of successful tests in lung volumes and DLCO, further sub
grouping as to symptoms or not, resulted in group sizes that were too small to analyse.

3.14 Relationship between Lung Function and Symptom
Severity
Table 38 shows univariate relationships between symptoms (expressed as severity or
score), and lung function.
Symptoms were categorized as follows:
i. Wheeze severity last 12 months where number of episodes of wheeze is none,
some (1-3 episodes), or recurrent (>3 episodes)
ii. Symptoms last 12 months includes any wheeze, cough without cold or shortness
of breath
iii. Symptom score where the number of episodes of any of the symptoms as
described above occur never, sometimes (1-3 episodes), or are recurrent (>3
episodes).
Significant correlations of lung function with symptom severity are indicated by an
asterisk (*).
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Table 38: Univariate analysis. Symptom severity and lung function

Z-FEV1
-.086
Wheeze last 12 m
.471
72
-.045
Wheeze severity last
.707
12 m
72
-.113
Symptoms last 12 m
.460
45
.007
Symptom score
.959
55
-.001
Exercise symptoms
.993
last 3 m
55
Non parametric Spearman correlation

Z-FVC
.007
.959
62
.024
.852
62
.041
.807
38
.219
.144
46
.222
.138
46

Data expressed as Correlation coefficient, p value, n

ZFEV1/FVC

Z-FEF25-75

Z-FEV0.75

-.120
-.150
-.130
.354
.245
.275
62
62
72
-.109
-.132
-.076
.400
.306
.525
62
62
72
-.180
-.321*
-.323*
.231
.049
.048
38
38
46
-.266
-.033
-.406**
.074
.807
.005
46
46
56
-.038
-.501**
-.335*
.781
.000
.023
46
46
56
**Correlation significant at 0.01 level

Z-Rrs8

Z-Xrs8

Fdep

.104
.275
113
.123
.195
113
-.038
.737
82
-.058
.580
93
.019
.856
93

-.163
.085
113
-.162
.086
113
-.045
.689
82
-.096
.360
93
-.175
.093
93

-.113
.228
116
-.094
.317
116
-.033
.769
83
-.003
.974
96
.010
.926
96

*Correlation significant at 0.05 level
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Wheeze severity in the last 12 months did not correlate with any lung function
variables. The presence of any symptoms in the last 12 months had a significant
correlation with Z-FEV1/FVC and Z- FEF25-75, and the symptom score over the last 12
months had a significant correlation with Z-FEV1/FVC.
Multivariate regression analysis was carried out on factors which had a p value of less
than 0.1 in the Univariate analysis. The only lung function variables which had a
significant correlation with respiratory symptoms are FEF25-75, FEV1/FVC, and Xrs8.
The correlations are listed in Table 39.

Table 39: Multivariate analysis. Respiratory symptoms and lung function
Lung Function
Significant
R square
Standardized Beta
p value
Variable

Multivariate

coefficient

correlations
Z-FEF25-75

Symptom score
Exercise symptoms

Z-FEV1/FVC

last 3 m
Wheeze severity last

Z-Xrs8

12 m

0.20

-.443

.005

0.25

-.496

.002

0.04

-.206

.047

3.15 Relationship between Lung Function and Neonatal Factors
Univariate analyses of lung function outcomes and neonatal characteristics are shown in
Table 40. Significant correlations of lung function with neonatal factors are indicated
by an asterisk (*).

Multivariate analysis was carried out on factors which had a p value of less than 0.1 in
the Univariate analysis. The results are shown in Table 41. Duration of O2 in hospital
was the only variable which had a significant correlation with FEV1, FEV0.75 and Xrs8.
Sex (being male gender) was the only variable having a significant correlation with
FVC and FEV1/FVC. There was no significant relationship for Rrs8 and FEF25-75 with
neonatal variables.
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Table 40: Univariate analysis. Neonatal factors and lung function

Z-FEV1

Z-FVC

Z-FEV1FVC

-.032
-.259*
.272*
.751
.042
.032
72
62
62
.157
.157
.272*
Z-Birth
.228
.228
.022
Weight
71
61
61
0.156
-.229
-.229
Gestation
.191
.073
.073
72
62
62
-.297*
-.260*
-.260*
IPPV hr
.011
.041
.041
72
62
62
-.065
-.117
.123
CPAP hr
.588
.364
.341
72
62
62
-.056
-.353**
-.275*
Days on O2
.665
.002
.031
72
62
62
.106
-.272*
-.286*
No. of
.412
.021
.024
infections
72
62
62
Non parametric Spearman correlation
Data expressed as Correlation coefficient, p value, n
Sex (male)

Z-FEF25-75

Z-FEV0.75

Z-Rrs8

.145
.089
.066
.262
.457
.486
62
62
113
.175
-.088
.272*
.179
.356
.022
61
61
112
-.048
.207
.036
.711
.081
.702
62
62
113
-.214
.008
-.316**
.095
.934
.007
62
62
112
.041
-.127
-.029
.752
.286
.758
62
62
112
-.216
.045
-.383**
.092
.635
.001
62
62
113
-.051
.254*
.185*
.616
.032
.049
62
62
113
** Correlation significant at 0.01 level
* Correlation significant at 0.05 level.

Z-Xrs8

Fdep

-.097
.305
113
.167
.078
112
.131
.166
113
-.194*
.040
112
-.157
.099
112
-.324**
.000
113
-.246**
.008
113

-.170
.067
116
.167
.074
115
.114
.222
116
-.180
.054
115
-.130
.167
115
-.262**
.004
116
-.137
.144
116
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Table 41: Multivariate analysis. Neonatal factors and lung function
Lung Function

Significant

R square

Standardized p value

Variable

Multivariate

Beta

correlations

coefficient

FEV1

Days of O2

0.09

-0.302

0.011

FVC

Sex (male)

0.09

-0.305

0.017

FEV1/FVC

Sex (male)

0.08

0.286

0.024

FEF25-75

None

FEV0.75

Days of O2

0.10

0.003

0.008

Rrs8

None

Xrs8

Days of O2

0.11

-0.33

<0.0001

Fdep

Days of O2

0.07

-0.26

0.005

3.16 Relationship between Symptoms and Neonatal Factors
Univariate analyses of respiratory symptoms and neonatal characteristics are shown in
Table 42. There was a significant correlation between presence of wheeze in the past 12
months and episodes of infection in the neonatal period.
significant relationships.

There were no other

There were no significant relationships between neonatal

factors and symptoms following multivariate regression analysis.
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Table 42: Univariate analysis. Neonatal factors and symptoms
Wheeze

Wheeze

Cough no

Cough no

Exercise

ever

last 12 m

cold ever

cold last

symptoms

12 m

3m

-.149
.106
118
.027
.770
117
.047
.614
118
-.117
.208
117
-.166
.074
117
-.094
.310
118
.044
.635
118

-.106
.300
98
.070
.495
97
.095
.351
98
-.008
.938
97
-.117
.253
97
.022
.830
98
-.086
.402
98

-.010
-.074
.916
.429
118
118
Birth Weight
.129
-.008
Z score
.165
.929
117
117
-.066
-.057
Gestation
.476
.542
118
118
.076
.069
IPPV h
.417
.457
117
117
-.040
-.036
CPAP h
.666
.701
117
117
.070
.035
Days of O2
.451
.708
118
118
.039
.249**
No. of
.674
.007
Infections
118
118
Non parametric Spearman correlation
Sex

-.096
.300
118
.024
.797
117
-.022
.816
118
-.065
.489
117
-.029
.753
117
.002
.980
118
.055
.555
118

Data expressed as Correlation coefficient, p value, n
**Correlation significant at 0.01 level
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4 DISCUSSION
This study reports the lung function, respiratory symptoms, associations between
neonatal factors and lung function, and between symptoms and lung function in children
born preterm at less than 32 weeks gestation. It is the only study which compares BPD,
nonBPD and controls in a population which was born during the surfactant era and that
uses the National Institute of Health consensus definition of BPD. (23) Young children
born preterm had worse lung function than the healthy controls and the degree of
reduction in lung function was related the number of days of O2 in hospital, or severity
of disease. Only respiratory reactance differentiated between preterm children with and
without BPD. Symptom prevalence was similar in preterm children irrespective of BPD
status. History of symptoms was significantly related to a worsening of reactance in
BPD, but not nonBPD subjects. These results suggest that children born preterm who
developed BPD have distal lung abnormalities which are more severe and sensitive to
respiratory symptoms than those without BPD and normal controls.

4.1 Description of Cohort
This cohort included BPD, categorized using the consensus definition (23), nonBPD
and healthy controls. In comparison, the cohort studied by Udomittipong (39) which
was also defined using the consensus definition, did not include nonBPD subjects or
controls. Vrijlandt’s cohort (35) included nonBPD subjects and controls, but did not
define BPD using this consensus definition. The study by Welsh (34) and Fawke (33)
used the consensus definition of BPD, but the subjects were born at less than 26 weeks
gestation so only included those born extremely premature, and does not include a range
of severities. These are the only published studies of BPD subjects born in the true
“new BPD” era and the different definitions used makes comparison with this study
difficult.

The BPD subjects in this study had similar neonatal characteristics to those in the
Udomittipong (39) group. The median birth weight in this group was 825 g, compared
to 860 g in the Udomittipong cohort. Mean gestational age was 26 weeks in both
cohorts, and surfactant was used in 84 % and 78 % of subjects. It is not possible to
compare ventilation use because of the different subgroups analyzed.

The cohort

studied by Vrijlandt (35) had similar birth weights for the BPD and nonBPD subjects
70

whereas in the current study the BPD subjects had a significantly lower mean birth
weight than the nonBPD subjects. The Welsh (34) and Fawke (33) cohorts comprised
of a more premature group with a median gestational age of 25 weeks, and a median
birth weight of 740 g. These differences highlight the difficulties in directly comparing
cohorts which are subject to varying neonatal practices depending on the local protocols
in treating neonatal units.

At the time of testing the subjects in this study were aged 4 to 7 years of age, which was
an older age group than the Vrijlandt cohort that included subjects aged 3-5 years but
younger than the Welsh and Fawke cohorts which included subjects aged 10-11 years.

In summary, this cohort represents a group which has not been previously studied. The
subjects aged between 4 and 8 years, and born in the surfactant era cover a spectrum of
prematurity and severity of chronic lung disease from the extremely preterm at 23
weeks through to those born at 32 weeks gestation.

4.2 Feasibility of Lung Function Tests
The development of FOT as a method of measuring lung function has allowed younger
children unable to do spirometry to have their lung function assessed. Feasibility of
FOT in young children born preterm was shown previously. (35, 39) This study also
found FOT to be feasible in this age group, with 99 % of subjects achieving acceptable
and repeatable measurements.

Spirometry was a more difficult test, and greater success was achieved in the older
subjects. The Korhonen study (31) had 91 % of 7 and 8 year old subjects successfully
achieve FEV1 measurements. This is comparable with the current study in which 93 %
of 7 year olds were able to complete FEV1. Our study is the only one in which younger
preterm children under the age of 7 have had FEV1 measured: acceptable measurements
in 30 % of 4 year olds, 50 % of 5 year olds and 86 % of 6 year olds. The Welsh and
Fawke studies (33, 34) only included subjects who were able to produce acceptable
spirometry measurements. The Welsh cohort was a subgroup from the larger Fawke
cohort, and does not represent a different group of preterm subjects.

The measurement of DLCO was achievable in only 59 % of the 7 year olds. This
appears low compared to the reported results by Korhonen (31) in which 79 % of 7 and
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8 year olds had DLCO measurements analyzed. This is likely due to the slightly older
age group which included 8 year olds in the Korhonen study. The rate of acceptable
DLCO measurements in this study increased from 0 % in the 4 year olds, 5 % in the 5
year olds, and 25 % of 6 year olds to 59 % of 7 year olds. Given this considerable rate
of improvement with age it is likely that 8 year olds would have an even greater rate of
success.

The low number of successful lung volume measurements was disappointing. The
multiple breath nitrogen washout method was chosen over plethysmography because it
is a simpler procedure only requiring tidal breathing, and feasibility of similar washout
methods using inert gases in children as young as 2 years was shown previously. (41,
46) In these earlier studies the children aged less than 6 years breathed via a face mask
rather than the mouthpiece with nose clip as used in the current study. The use of a face
mask may have improved the success rate, however we believe our poor lung volume
measurement success was related to the demand valve which was activated with each
inhalation allowing O2 through the circuit.

The high resistance experienced on

inhalation made it difficult for the subjects to keep a mouth seal without entrainment of
room air.

The valve was also noisy, which some of the younger subjects found

frightening. Before testing began the circuit was flushed with O2 to allow the subjects
to become acquainted with the noise of the valves opening and to demonstrate from
where it was coming. Movies were provided on a portable DVD player during testing
in an attempt to distract the children from the noises.

FOT and spirometry were feasible in all age groups in this study. In particular, the use
of FOT allowed very young children who were unable to perform spirometry to have
lung function measurements done. Tracking of lung function from a young age will
enable abnormalities to be detected earlier than with spirometry. However, DLCO and
MBW were difficult for the younger children, but feasible in those aged 6 years and
older.

4.3 Lung Function
Lung function as measured by FOT and spirometry was reduced in preterm subjects,
both BPD and nonBPD, compared to the healthy controls. The only outcomes which
were able to differentiate BPD and nonBPD were Xrs8 and Fdep.
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In the current study, Xrs8, when expressed as a Z-score, was significantly reduced in the
preterm subjects compared to healthy controls with 26 % of preterm subjects having
results fall outside the normal range (30 % of BPD, 20 % of nonBPD). In the preterm
subjects, Z-Xrs8 was significantly reduced in the BPD compared to the nonBPD subjects.
The reduced reactance in the BPD compared to controls was in concordance with the
findings of Udomittipong (39) where Z-Xrs8 was also reduced compared to a reference
population. Vrijlandt (35) also found the BPD subjects had reduced reactance, although
it was not reported at the same frequency as the current study but as an average
reactance across frequencies 4-24 Hz. As Xrs is determined by the elastic properties of
the respiratory system, the reduced reactance in the preterm subjects (exaggerated in the
BPD compared to nonBPD group) indicates altered lung mechanics resulting in reduced
elasticity in preterm subjects. This can also be described as increased stiffness of the
lungs. This alteration in lung mechanics suggests abnormalities in the peripheral lung
tissues.

In order to study the effect of disease severity on lung function outcome, the BPD
subjects were classified as to severity, based on the requirement for supplemental
oxygen at 36 weeks PMA. The moderate/severe group had worse Xrs8 than the mild
BPD group. Given the magnitude of the reduction in reactance observed in many
preschool children was related to severity of disease as defined by NIH criteria, the
preterm subjects could be considered on a continuum of severity of neonatal chronic
lung disease rather than BPD or nonBPD. The lack of difference seen between the mild
and the control groups may be due to sample size with only 7 subjects in this cohort
classified as having mild BPD. Arguably, continuous measurements of disease severity
such as Xrs8 are better descriptors of respiratory ill health than binary categories such as
BPD and nonBPD.

Z-Rrs8 was increased in both preterm groups compared to control subjects but no
difference between the BPD and nonBPD subjects.

Increased resistance has been

shown previously by Vrijlandt and Udomittipong. Vrijlandt (35) found increased Z-Rrs6
and increased average resistance across 4-24 Hz in both BPD and nonBPD compared to
controls but no difference between the BPD and nonBPD subjects. Udomittipong (39)
also found Z-Rrs8 to be increased compared to the reference population. Rrs8 is a
measure of airway resistance reflecting airway diameter and/or tone, which in turn
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reflects the narrowing or obstruction of airways. The increased resistance suggests that
obstruction of the conducting airways remains an important component of respiratory ill
health in preterm subjects between 4-7 years of age and is supported by the reduced
FEV1 in the preterm subjects in this study.
Fdep was decreased in the preterm subjects with significant differences between the
BPD, nonBPD and controls in this study. While the implications of changes in Fdep for
lung function and structure are poorly understood, the similarity of the directional
change to reduction in reactance suggests that Fdep also reflects changes in the peripheral
lung and small airways.

All spirometry variables were reduced in the preterm subjects compared to the control
subjects, but there were no significant differences between the BPD and nonBPD
groups. This analysis is limited by small group numbers due to the younger age group
and therefore the lower numbers of subjects able to complete this test. These results are
similar to that shown by Korhonen (31) and Smith (37) during the transitional period of
surfactant use and by Fawke (33) in older children from the true surfactant era. Both
these previous studies found reduced forced flows in preterm children. The Korhonen
and Smith studies also showed increased FRC and RV in the preterm subjects indicating
mild gas trapping from small airways closure during expiration. This was not seen in
the limited number of lung volume measurements in the current study, but no
conclusions can be drawn from these observations given the low number of tests
analyzed. The small sample sizes for spirometry and lung volumes outcomes limit the
strength of any findings. However directional changes agree with the Korhonen and
Smith studies (31, 37), and the reduction in forced flows support the evidence that
obstruction of conducting airways remains a feature of BPD in the surfactant era. (37)

DLCO and VA were significantly reduced in the preterm subjects. However DLCO/VA,
which accounts for alveolar volume, was not reduced. Diffusing capacity expressed as
both DLCO and DLCO/VA was reduced in both BPD and nonBPD children compared
to healthy term subjects in the Korhonen study. (31) Due to the small sample size in
this study resulting from the limited number of successful DLCO measurements
obtained and analyzed, no conclusions should be made.
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4.4 Symptoms
The high rate of respiratory symptoms experienced by the preterm subjects was similar
to that reported in previous studies, both in the surfactant and transition to surfactant
eras. Wheeze, cough, and symptoms with exercise are common in both BPD and
nonBPD subjects in the current study. Wheeze at any time in the past was reported in
71 % of BPD and 66 % of nonBPD children and wheeze in the last 12 months in 32 %
and 26 % respectively. This is high compared to that reported in the general population
where the rate of wheeze ever was 37 % and the rate of wheeze in the last 12 months
was 20 %. (57) These findings are in concordance with previous studies by Palta (32),
Hennessy (30) and Vrijlandt (35) and Fawke (33) all of which reported a high rate of
symptoms in preterm children, regardless of how BPD was defined, and coming from
different periods of surfactant usage. Palta found that 26% of 8 year old BPD subjects
born in 1990 -1991 had wheeze in the last 12 months. (32) In a cohort of BPD subjects
aged 5-7 years born in 1995, Hennessy found 36 % had wheeze in the last 12 months.
(30) Vrijlandt reported 32 % of BPD and 39 % of nonBPD subjects aged 3 – 5 years
and born in 1998 – 2001 had wheeze in the last 12 months. (35)

Symptoms associated with exercise, including one or more of shortness of breath, cough
and wheeze were present in 35 % of BPD and 36 % of nonBPD subjects suggesting that
children born preterm have exercise limitation. Exercise limitation was also shown by
Smith (37): the exercise capacity of children born very preterm was half that of term
controls. At peak exercise Welsh (34) showed that preterm children had a reduced
oxygen uptake and displayed altered breathing patterns, suggesting a ventilatory
adaptation to peak exercise. These altered breathing patterns of lower tidal volumes and
increased respiratory rates may explain the perceived shortness of breath experienced by
the preterm children in this study.

The preterm subjects in the current study had a similar rate of doctor diagnosed asthma
to that reported in the general population. The rate of asthma reported in the current
study was 24 % in BPD and 32 % in nonBPD subjects compared to 20 % in a local birth
cohort of 6 year old children (58) and 25 % in 6-7 year old Melbourne school children.
(57) Cough without a cold is associated with asthma. (58, 59) Having a cough without
a cold at any time in the past, or in the last 12 months was reported in 40 % and 30 % of
the preterm children with no significant difference between those with and without
BPD.
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The use of asthma medication was similar in both preterm groups (14 % of BPD and 20
% of nonBPD), which equated to 4 subjects from each group using relievers only, and 4
from each group using relievers and inhaled corticosteroids.

The high incidence of symptoms in BPD and nonBPD subjects was not unexpected and
was in concordance with previously reported results. (35) The similarly high incidence
of wheeze, cough, symptoms with exercise and use of asthma medications in the
nonBPD subjects reinforces the need for continuing follow-up these children. who were
born very premature but were not receiving supplemental oxygen for long enough to be
categorized as BPD.

A limitation in using parental questionnaires regarding the incidence of wheeze is that it
relies on parental recall which has been shown to be inconsistent (59) and also on
parental understanding of wheeze. Different respiratory noises, including rattle or any
type of noisy breathing may be reported as wheeze by parents (60, 61) and may
therefore over estimate incidence.

There was no comparison made between the preterm and control subjects in terms of
respiratory symptoms in the current study. The control group consisted of those without
respiratory symptoms as the intention was to study the effect of preterm birth on lung
structure and function, compared to healthy term lungs which functioned normally and
had not been exposed to respiratory insults such as asthma or infection.

4.5 Exposure to Tobacco Smoke
There was no significant difference in the proportion of subjects in each group exposed
to tobacco smoke. Those living in households where neither parent smoked resulting in
minimal exposure comprised 68 % of the preterm group and 75 % of the term group.
The remaining 32 % of the preterm group and 25 % of the term group had varying
levels of exposure which was not able to be quantified in this study.

Although maternal smoking during pregnancy is associated with reduced lung function
in infants, children and adults (62), no data regarding in utero exposure to tobacco is
available in the current study. There was no difference seen in any lung function
variable between those with and without exposure to tobacco smoke. However those
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subjects classified as being exposed to tobacco smoke, except for the two subjects
whose parents allowed smoking inside the home, may have had minimal exposure
similar to those whose parents did not smoke.

4.6 Symptoms and Lung Function
BPD subjects with a history of wheeze or having symptoms with exercise had
significantly reduced reactance compared to those without these symptoms.

This

contrasted with the nonBPD subjects in whom there was no difference in reactance
between those with and without these symptoms. Compared to past wheeze, current
wheeze was no more influential on reactance; however the small sample sizes of these
subgroups limits the power of the statistical analyses.

The difference in lung function between those with and without symptoms was seen
only in reactance, and not in resistance or FEV1. A history of cough without cold did
not influence any lung function outcomes in any group.

The association of reactance to respiratory symptoms was limited to the BPD subjects.
76 % of the BPD subjects in the current study had moderate/severe BPD, with the
remaining 24 % having mild disease. The children with more severe chronic lung
disease have reduced reactance or increased lung stiffness. In the severe BPD group,
reactance was further reduced in the presence of symptoms, specifically wheeze in the
last 12 months and symptoms with exercise. Recent wheeze and exercise induced
symptomatology are highly relevant to daily activities in childhood. The presence or
absence of cough without cold did not have any relationship with any lung function
variables.

These analyses are based on the parental reporting of symptoms using

questionnaires and are subject to the same limitations discussed in Section 4.4.

Vrijlandt (35) also showed a relationship between early infection, specifically
hospitalization due to RSV, and increased Fres. An association between severe RSV
infection in infants born at term and decreased lung function (FEV1) at 6 years of age
has previously been shown by Poulsen.(63)

In the current study, previous RSV

infection was not reported, as early infection data collection was retrospective and given
a time delay of 4 to 8 years, parental recall was found to be inaccurate when random
cases were crosschecked with medical records. However it is likely that RSV infection
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in infancy would have a negative impact on lung function in preterm children. Further
research on the impact of early viral infections and subsequent lung health is required..

Current asthma, and the recent use of asthma medication, wheeze after exercise and
nocturnal wheeze were associated with reduced spirometry outcomes in the Fawke
study. (33) The subjects comprising the Fawke cohort were older than those in the
current study. (11years vs. 4-7 years). There are no other reports of the relationship
between respiratory symptoms and lung function in young children aged 4-7 years born
preterm in the surfactant era.

The presence of wheeze, either past or current, and symptoms with exercise is
associated with increased lung stiffness, as measured by the Forced Oscillation
Technique, in children with new BPD. This finding has not been reported previously in
children born preterm in the surfactant era.

4.7 Influence of Neonatal Factors on Respiratory Outcome
The duration of supplemental O2 was the most influential neonatal factor in lung
function outcome in this cohort. Increased number of days on O2 while in hospital was
associated with decreased reactance and Fdep from FOT measurements and decreased
FEV1 and FEV0.75 from spirometry. The association between increasing days on O2 and
reactance is in concordance with that previously shown by Udomittipong. (39)
However Udomittipong also demonstrated an increase in resistance with increased
duration of O2, an association not seen in the current study. The wide range of BPD
severity, and days of O2 supplementation being limited to that provided in hospital in
the current study compared to total days of O2 (hospital O2 plus home O2) and smaller
group with more severe disease in the Udomittipong study may explain the lack of
association with resistance. In the current study resistance was not related to any
neonatal variables that were analyzed.

Associations between neonatal history and spirometry outcomes in children born
preterm in the surfactant era have been shown previously in 11 year old children, but
not in younger subjects aged under 8 years of age. The Fawke study reported that
having BPD and duration of postnatal steroids had a detrimental effect on all spirometry
outcomes. (33) However postnatal steroids were more likely to be used in more severe
disease, and may reflect a classification of BPD rather than a causal association.
78

Although neonatal symptoms were reported in the Vrijanldt study, the relationship of
these to lung function was not noted. In the current study increased duration of O2 was
linked to reduced forced flows, specifically FEV1 and FEV0.75, in “new” BPD. The
male gender was associated with reduced FVC and FEV1/FVC. Postnatal steroid use
was not assessed in the current study. It is possible that the functional abnormalities in
the preterm group may be associated with postnatal steroid use. However as those
individuals with the most severe neonatal lung disease are more likely to have received
postnatal steroids, it would not be possible to assess the potential impact of receiving
postnatal steroids on subsequent lung function.

Respiratory symptoms were not predicted by neonatal history, except for wheeze in the
last 12 months which was related to the number of infections experienced in the
neonatal time.

This relationship was significant only in the univariate analysis.

Multivariate analysis revealed no relationship between symptoms and neonatal factors.

4.8 Conclusion
In this section the findings of this study are discussed in context with the hypotheses on
which the study is based. The possible future in terms of respiratory health for children
born preterm in the surfactant era is considered.

i.

Children born less than 32 weeks gestation have lung function which is worse
than that of healthy term children, and those categorized as BPD have greater
abnormalities than those without BPD.
Preterm birth prior to 32 weeks gestation results in reduced lung function at 4-8 years of
age. Reactance, as measured by FOT, and all measured spirometry variables were
reduced, resistance increased in those born preterm compared to healthy subjects born at
term. Many preterm children, both with and without BPD, had reactance outside the
normal range. Reactance and Fdep were reduced to a greater extent in those categorized
as BPD compared to nonBPD subjects suggesting increased peripheral lung
abnormalities in those with BPD.

Those with severe/moderate BPD had worse

reactance than the mild group further suggesting that increased abnormalities are
present in more severe disease.
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ii. Measurements of peripheral lung function are more reflective of respiratory
morbidity in premature children than measurements of central lung function
and the use of Forced Oscillation Technique allows abnormalities to be detected
in young children unable to perform more conventional tests.
Decreased reactance seen in premature children is more reflective of peripheral lung
abnormalities than measurements of forced expiratory flows. Although there was also a
reduction in forced flows which are known to reflect central airway function in adults,
FEV1 is close to FVC in young children who empty their lungs very quickly, and
therefore also includes emptying of some of the smaller more peripheral airways in
childhood. The compliance component of reactance can be described as a measurement
of lung stiffness and thus peripheral lung function rather than conducting airway
function and is suggestive of a “more” peripheral measure than FEV1 in children. The
preterm children exhibited reduced reactance which was related to neonatal disease
severity, and this suggests peripheral lung abnormalities are worse in those with more
severe neonatal disease.

Reactance was able to be measured in young children who

were not capable of completing measures of forced flow.

iii. Respiratory function in premature children is related to events which occurred
during the neonatal period.
The duration of O2 in hospital was related to lung function in premature children.
Increasing number of days of O2 resulted in reduced reactance, Fdep, FEV1 and FEV0.75.
The duration of supplemental O2 does not necessarily describe a cause and effect
relationship, but rather a measure of severity of neonatal chronic lung disease, given
that both the definition and the severity of BPD is based on oxygen requirements.
Current respiratory symptoms were not related to neonatal events.

iv. Premature children with current respiratory symptoms have worse lung
function than those without symptoms.
Premature children with a history of wheeze or symptoms with exercise had worse lung
function than those without these symptoms. Reactance was reduced in BPD subjects
with a history of wheeze ever, either current or past, or symptoms with exertion. Fdep
was reduced in BPD subjects with exercise symptoms. This was not so with the non
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BPD subjects in any measured lung function variable, nor was it so in the BPD subjects
in resistance or FEV1 measurements.

4.9 Future Directions
This study has shown that children born preterm in the late canalicular and saccular
stages of lung development have reduced lung function when aged 4-8 years, and
exhibit respiratory symptoms which impact on daily activities.

Advances in neonatal care have resulted in the survival of infants born at earlier
gestations than in “Old” BPD. The prevalence of respiratory symptoms remains high,
and peripheral lung function is reduced in children born preterm compared to those born
at term. Respiratory morbidity is not restricted to preterm children with BPD, but also
apparent in those without BPD. The preterm children, both with and without BPD, have
reduced reactance, and increased resistance which are reflective of increased lung
stiffness or peripheral lung abnormalities. The current study has shown that in terms of
lung function, children born premature have not caught up with their term peers by age
4-8 years.

Figure 10 illustrates a theoretical model of growth and decline of lung function in
healthy and BPD survivors proposed by Baraldi (17) based on the natural history of
chronic airflow obstruction shown by Fletcher and Peto in 1977. (64)

In this

illustration, lung growth and decline is demonstrated using FEV1. Relating this concept
to the current study, and expansion of this relationship from FEV1 to overall lung
growth and decline, it is proposed that as 4-8 year old preterm born children are still
below the healthy group, they will continue to track below this level until they reach
their peak level, which will also be below the healthy group, in their mid twenties. The
rate of decline is unknown in this or similar cohorts as none have yet reached adulthood.
A parallel rate of decline below the healthy subjects would lead to symptoms and
disability at an earlier age, and a steeper rate of decline would see disability at
increasingly younger ages. It is not known if subjects already experiencing symptoms
in childhood, those who in the future may be exposed to environmental or occupational
pollutants or those who become smokers will have a steeper rate of decline resulting in
an adult disease. Smoking is well known to cause accelerated decline in lung function
(64) leading to chronic obstructive pulmonary disease. Those born preterm may be
more susceptible to this outcome.
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Figure 10: Theoretical growth and decline of lung function (17)
Long term respiratory outcomes into adulthood can only be ascertained through ongoing
longitudinal studies. Future healthcare for a population of preterm survivors who may
have respiratory disability due to chronic obstructive type pulmonary disease should be
considered.

The high rate of exertional symptoms at school age would warrant careful screening and
follow-up of children born prior to 32 weeks. The detection and treatment of symptoms
which impair a child’s participation in social and sporting activities will allow these
children to develop to their full potential.

Although there is an association between duration of supplemental oxygen use and
subsequent peripheral lung function, this study does not show that the use of oxygen is
the cause of the disease, but rather a measure of disease severity reflecting abnormalities
in the distal lung. The prevention of preterm birth remains the ideal way to prevent
BPD or neonatal chronic lung disease.
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6.1 Appendix 1- Recruitment Letter
Date
Name
Address

Dear
I am writing to ask if you would be willing to be contacted by a researcher (Dr Graham Hall)
who is undertaking a project called Characterizing Respiratory Function of Bronchopulmonary
Dysplasia in Childhood (or Chronic Lung Disease of Prematurity). The researchers wish to
recruit children who were born preterm. Patients from King Edward Memorial Hospital and
Princess Margaret Hospital are needed for this study and from our records your child would
appear to be a potential subject for this study.
Bronchopulmonary dysplasia (BPD), a complication of premature birth, is the most common
chronic respiratory condition of infancy. Dramatic changes in neonatal care over the last twenty
to thirty years have resulted in a significant change in the clinical presentation of BPD. These
days children with BPD were born more premature, have experienced shorter periods of
ventilation and lower pressures of oxygen and most mothers would have received steroids
before the birth to improve the baby’s lungs. As a result of the improvements in neonatal care
the long-term respiratory outlook for children with BPD is unknown.

The aim of the proposed project is to use new methods of respiratory function testing to
identify if abnormalities in respiratory function persist into the early school years in
children with a history of premature birth.
The researchers are looking for children born at 32 weeks or earlier and who are now aged
between 4 and 8 years.
A detailed parent information sheet on this study has been included.
If you do not wish to hear more about this study, or be contacted further, could you please
complete the attached slip and return it in the pre-paid addressed envelope provided. If we do
not hear from you within 3 weeks we will assume you are willing to be contacted and the
researchers (Dr Graham Hall or Maureen Verheggen) will contact you shortly after to give you
more information regarding the study. Should you wish to have further information about the
study before making a decision as to whether or not you wish to be contacted please telephone
the researcher Graham Hall (9340 8987) or Maureen Verheggen (9340 8990).
Whether or not your child participates in this project, any future care your child receives at this
Hospital will not be affected in any way.
This study has been approved by the King Edward Memorial and Princess Margaret Hospitals
Ethics Committee and the confidentiality of all participants is assured.
Thank you for considering this request.
Yours sincerely

Professor Karen Simmer
Director
Neonatal Clinical Care Unit
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PLEASE TICK ONE BOX, THEN SIGN, DATE AND RETURN THE SLIP IN
THE ENVELOPE PROVIDED

Ž

Please do not contact me regarding my child’s participation in Characterizing
respiratory function of Bronchopulmonary dysplasia in childhood.

OR

Ž

I would like to participate or would like further information on the Characterizing
respiratory function of Bronchopulmonary dysplasia in childhood so I can decide

whether or not I/my child will participate.

OR

Ž

My child does not fit the criteria listed in the letter, but I am interested in hearing
about future research studies.

Child’s Name: ...........................................
Parent’s name: …………………………………………………..
Signature: .........................................

Date: ..........................

Please confirm contact details for follow-up
Address:……………………………………………………………
……………………………………………………………..
Phone: (Home)………………………… (mob)…………………………
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6.2 Appendix 2 –Parent Information Sheet –Preterm Subjects
PARENT INFORMATION SHEET

CHARACTERIZING
RESPIRATORY
FUNCTION
BRONCHOPULMONARY DYSPLASIA IN CHILDHOOD

OF

PLEASE TAKE THE TIME TO READ THIS SHEET AND ASK ANY
QUESTIONS YOU MAY HAVE.
Bronchopulmonary dysplasia (BPD) is a common complication of premature birth.
However, as a result of the improvements in neonatal care the long-term respiratory
outlook for children with contemporary BPD is unknown.
The aim of the proposed project is to use new methods of respiratory function testing
(forced oscillation technique and ventilation inhomogeneities) to identify if
abnormalities in lung function persist into the early school years in children, with a past
history of premature birth. This will enable us to advance and improve our management
of BPD children.
In order to allow accurate comparisons to healthy children we will also study children
without a history of premature birth or respiratory problems.
What does this assessment involve for you and your child?
This project includes an initial visit, followed by annual visits over a three year period.
Each assessment involves one visit to the clinic, during which your child’s lung
function will be measured. You should allow up to two hours for each visit.
Lung function:
When we measure lung function in older children, we ask them to take in big breaths
and to blow out hard into our machines. Young children cannot do this so we have had
to develop tests that do not need these big breaths. These tests are performed with your
child breathing quietly on our machines. They do not have to do anything special but
breathe normally. The tests are performed with your child breathing through a
mouthpiece and wearing a nose-clip. For this study we will ask you child to do these
tests.
1. Multiple breath gas mixing test.
This test is designed to find out how evenly your child breathes. This test involves us
giving your child air to breathe that contains a tracer gas. The tracer gas we use is Sulfur
Hexafluoride (SF6) and the air contains 4% of this gas. This is an inert gas, which means
that it is does not cross from your child’s lungs into his/her blood stream. After letting
your child breathe this gas for a few minutes to allow the gas to mix through the lungs,
we turn the gas off and measure how quickly your child breathes out the tracer gas.
Children with normal lungs breathe the SF6 out of their lungs quickly but babies with
early lung disease take longer to clear the gas from their lungs.
2. Forced oscillation
This test uses a sound wave to measure your child’s lung function. This works in a
similar way to the way fishermen use sonar to find fish. We measure the sound waves
that bounce back from your child’s lungs. The way they are changed by the lungs gives
us information about lung function.
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For children over the age of 6 years who are able to, we will ask that they also do the
following 2 tests.
3. Full inspiratory and expiratory flow-volume loops: Children will be asked to
breathe normally through a mouthpiece and have a nose clip on. Children are then
instructed to take a full inspiration and then exhale maximally followed by a maximal
inhalation.
4. Gas transfer using the single breath carbon monoxide diffusing capacity test:
Children will be asked to breathe normally via the mouthpiece with nose clip in place.
After a period of stable breathing has been obtained, children are asked to exhale air
from their lungs completely and then to inhale the special gas mixture and then hold
their breath for 10 seconds. The gas mixture contains known and very low
concentrations of carbon monoxide (CO) and is not harmful in any way.
5. Questionnaire and Medical records
For all children we will ask you a series of questions regarding your child’s neonatal
and respiratory history. We will also access your medical records to ensure we are able
to accurately assess yours child’s medical history.
Do I have to allow my child to have these tests?
No, while we think that these tests will give us the best information about your child’s
lungs and how premature birth may have affected them, like all tests and treatments,
you have the right to say that you do not want your child to have them. In addition, we
will ask you about each one separately, so that you can say yes to all, yes to some and
no to others or no to all. If you do decide to say no to some or all of the tests, this will
not affect in any way the access your child has to the very best care that we are able to
provide at the hospital.
If I say yes can I change my mind later?
Yes, while we want to perform these tests each year, we will ask you each time for your
permission. You can change your mind if you want to. Again, if you do change your
mind about your child having these tests, this will not affect in any way the access your
child has to the very best care that we are able to provide at the hospital.
What will happen to the results of the tests?
The tests are being performed to give us information about the state of your child’s
lungs and premature birth may have affected them. We keep these results and compare
them with the results from other children in this study.
We hope to be able to publish the results of our study so that other BPD clinics will be
able to share in the knowledge we gain. All information we collect about your child will
remain confidential and no information that can identify your child will be published or
shared with others.
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What if I am not happy with this study?
If you have any complaints about the way this study is conducted you have several
options: you can contact the Principal Investigator, Dr. Graham Hall on 9340 8987 or
you can contact Dr. Geoff Master, Executive Director of Medical Services at PMH on
9340 8222.
What happens next?
When you have read the information sheet, please indicate on the form your
willingness/unwillingness to be involved, or request for more information. A researcher
will contact you to answer any questions you might have, and to arrange an appointment
for the lung function tests. Parking will be arranged for the duration of your visit.
Before any lung function tests are done you will be asked to sign a consent form which
states that you have agreed to participate in the study and that you have had explained to
you what the study involves.

Privacy Policy
The information collected during this study will be used for the purposes described in
the study information sheet. Your details are confidential and no information is passed
to any third parties unless
a) you give us your consent
b) we are required to do so by law
c) it is necessary, to prevent or lessen a serious or imminent threat to someone's life,
health or safety.
Thank you for the interest you have shown in our study. If you have further questions
about the study you can phone Maureen Verheggen on 93408990 or any other members
of the study team on the numbers listed below.
If you are willing to be part of this study, please complete the form and return in the
envelope provided.
Thank you for your time and consideration.
Graham Hall PhD, Senior Respiratory Scientist
Dept Respiratory Medicine, PMH
Phone 9340 8987
Maureen Verheggen, Respiratory Scientist
Dept Respiratory Medicine, PMH
Phone 9340 8990
Andrew Wilson, F.R.A.C.P.
Dept Respiratory Medicine, PMH
Phone 9340 8830
Jane Pillow, PhD, F.R.A.C.P.
Neonatology, KEMH
Phone: 9340 1257
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6.3 Appendix 3- Parent Information Sheet – Control Subjects
PARENT INFORMATION SHEET

CHARACTERIZING
RESPIRATORY
FUNCTION
BRONCHOPULMONARY DYSPLASIA IN CHILDHOOD

OF

PLEASE TAKE THE TIME TO READ THIS SHEET AND ASK ANY
QUESTIONS YOU MAY HAVE.
Bronchopulmonary dysplasia (BPD) is a common complication of premature birth.
However, as a result of the improvements in neonatal care the long-term respiratory
outlook for children with contemporary BPD is unknown.
The aim of the proposed project is to use new methods of respiratory function testing
(forced oscillation technique and ventilation inhomogeneities) to identify if
abnormalities in lung function persist into the early school years in children, with a past
history of premature birth. This will enable us to advance and improve our management
of BPD children.
In studying the children with a history of premature birth or BPD, we need to be able to
compare their lung function with that of a normal healthy population of children of
similar ages. This will enable us to advance and improve our management of BPD
children.
What does this assessment involve for you and your child?
This project includes an initial visit, followed by annual visits over a three year period.
Each assessment involves one visit to the clinic, during which your child’s lung
function will be measured. You should allow up to two hours for each visit.
Lung function:
When we measure lung function in older children, we ask them to take in big breaths
and to blow out hard into our machines. Young children cannot do this so we have had
to develop tests that do not need these big breaths. These tests are performed with your
child breathing quietly on our machines. They do not have to do anything special but
breathe normally. The tests are performed with your child breathing through a
mouthpiece and wearing a nose-clip. For this study we will ask your child to do these
tests.
1. Multiple breath gas mixing test.
This test is designed to find out how evenly your child breathes. This test involves us
giving your child air to breathe that contains a tracer gas. The tracer gas we use is Sulfur
Hexafluoride (SF6) and the air contains 4% of this gas. This is an inert gas, which means
that it is does not cross from your child’s lungs into his/her blood stream. After letting
your child breathe this gas for a few minutes to allow the gas to mix through the lungs,
we turn the gas off and measure how quickly your child breathes out the tracer gas.
Children with normal lungs breathe the SF6 out of their lungs quickly but babies with
early lung disease take longer to clear the gas from their lungs.
2. Forced oscillation
This test uses a sound wave to measure your child’s lung function. This works in a
similar way to the way fishermen use sonar to find fish. We measure the sound waves
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that bounce back from your child’s lungs. The way they are changed by the lungs gives
us information about lung function.
For children over the age of 6 years who are able to, we will ask that they also do the
following 2 tests.
3. Full inspiratory and expiratory flow-volume loops: Children will be asked to
breathe normally through a mouthpiece and have a nose clip on. Children are then
instructed to take a full inspiration and then exhale maximally followed by a maximal
inhalation.
4. Gas transfer using the single breath carbon monoxide diffusing capacity test:
Children will be asked to breathe normally via the mouthpiece with nose clip in place.
After a period of stable breathing has been obtained, children are asked to exhale air
from their lungs completely and then to inhale the special gas mixture and then hold
their breath for 10 seconds. The gas mixture contains known and very low
concentrations of carbon monoxide (CO) and is not harmful in any way.
5. Questionnaire and Medical records
We will ask you a series of questions regarding your child’s neonatal and respiratory
history. We may also access your medical records to ensure we are able to accurately
assess yours child’s medical history.
Do I have to allow my child to have these tests?
No, it is entirely voluntary. Your decision to take part will not affect your child’s access
to treatment and care at PMH. In addition, we will ask you about each one separately, so
that you can say yes to all, yes to some and no to others or no to all. If you do decide to
say no to some or all of the tests, this will not affect in any way the access your child
has to the very best care that we are able to provide at the hospital.
If I say yes can I change my mind later?
Yes, while we want to perform these tests each year, we will ask you each time for your
permission. You can change your mind if you want to. Again, if you do change your
mind about your child having these tests, this will not affect in any way the access your
child has to the very best care that we are able to provide at the hospital.
What will happen to the results of the tests?
The tests will contribute to a reference data-set on normal healthy children. If you are
interested, we can keep you updated on other tests available, and also the results of this
study.
We hope to be able to publish the results of our study so that other clinics will be able to
share in the knowledge we gain. All information we collect about your child will remain
confidential and no information that can identify your child will be published or shared
with others.
What if I am not happy with this study?
If you have any complaints about the way this study is conducted you have several
options: you can contact the Principal Investigator, Dr. Graham Hall on 9340 8987 or
you can contact Dr. Geoff Master, Executive Director of Medical Services at PMH on
9340 8222.
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What happens next?
When you have read the information sheet, please indicate on the form your
willingness/unwillingness to be involved, or request for more information. A researcher
will contact you to answer any questions you might have, and to arrange an appointment
for the lung function tests. Parking will be arranged for the duration of your visit.
Before any lung function tests are done you will be asked to sign a consent form which
states that you have agreed to participate in the study and that you have had explained to
you what the study involves.

Privacy Policy
The information collected during this study will be used for the purposes described in
the study information sheet. Your details are confidential and no information is passed
to any third parties unless
d) you give us your consent
e) we are required to do so by law
f) it is necessary, to prevent or lessen a serious or imminent threat to someone's life,
health or safety.
Thank you for the interest you have shown in our study. If you have further questions
about the study you can phone Maureen Verheggen on 93408990 or any member of the
study team on the numbers listed below.
If you are willing to be part of this study, please complete the form and return in the
envelope provided.
Thank you for your time and consideration.
Graham Hall PhD, Senior Respiratory Scientist
Dept Respiratory Medicine, PMH
Phone 9340 8987
Maureen Verheggen, Respiratory Scientist
Dept Respiratory Medicine, PMH
Phone 9340 8990
Andrew Wilson, F.R.A.C.P.
Dept Respiratory Medicine, PMH
Phone 9340 8830
Jane Pillow, PhD, F.R.A.C.P.
Neonatology, KEMH
Phone: 9340 1257
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6.4 Appendix 4 – Consent Form
FORM OF CONSENT

PLEASE NOTE THAT PARTICIPATION IN RESEARCH STUDIES IS
VOLUNTARY AND SUBJECTS CAN WITHDRAW AT ANY TIME WITH NO
IMPACT ON CURRENT OR FUTURE CARE.
I ................................................................................................................................have read
Given Names
Surname
the information explaining the study entitled
“Characterizing respiratory function of bronchopulmonary dysplasia in childhood.”
I have read and understood the information given to me. Any questions I have asked have
been answered to my satisfaction. I agree to allow
..................................................................................................................................................
(full name of participant and relationship of participant to signatory)
to participate in the study and perform the following tests. (please tick all that apply)

□
□
□
□

Forced Oscillation
Multiple Breath gas mixing test.
Full inspiratory and expiratory flow-volume loops
Gas transfer using the single breath carbon monoxide diffusing capacity test

I understand my child may withdraw from the study at any stage and withdrawal will not
interfere with routine care.
I agree that research data gathered from the results of this study may be published,
provided that names are not used.

Dated ................................. day of ............................................................ 20 ..........
Child’s Signature.........................................................................
(Where appropriate)
Parent or Guardian’s Signature....................................................

I, ........................................................................... have explained the above to the
(Investigator’s full name)
signatories who stated that he/she understood the same.
Signature ...............................................................................................
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6.5 Appendix 5- Data Collection Sheet
Basic Information
Name:

Study code:

Height

Date of study:

Gender:

Weight:

Date of birth:

Category: BPD Prem

Questionnaire? YES
NO
FOT:
YES
NO
MBW
YES
NO

Spirometry

YES

NO

DLCO

YES

NO

Healthy

Age:

ENSURE ALL TEST RESULTS ATTACHED TO DATA SHEET
Mother’s Name:
Address:
Address:

Post Code:

Phone:

(h)
(w)

(mob)

Father’s Name:
Address:
Address:

Post Code

Phone:

(h)
(w)

(mob)

Maternal Grandparent’s Name
Address:
Address:

Post Code:

Phone:

(h)
(w)

(mob)

Paternal grandparent’s Name:
Address:
Address:

Post code:

Phone:

(h)
(w)

6.5.1

(mob)

Contact Details

GP Name: _________________________________
GP Address:________________________________
__________________________________________
Comments:
_____________________________________________________________________________________
________________________________________________________________________________
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Testing information
Study Date:

Study Code:

Resp. Cat:

Name:

Date of Birth:

Gender:

Age:

Height:

Weight:

Forced Oscillation technique:
Time

Comments

Attempts

Multiple breath washout:
Time

Were FOT data collected?
Successful

Yes / No

Std Dev

Were MBW data collected? Yes / No

Comments

FRC

Successful

Slow VC

Attempts

Spirometry: Were spirometry data collected? Yes / No
Time

Comments

No of

FEV1 accept. FVC accept.

attempts
tempts

DLCO: Were DLCO data collected? Yes / No
Time

Comments

No of attempts

Accept. DLCO

99

6.6 Appendix 6- Family Questionnaire
Child’s first name
Child’s surname
Child’s hospital number
Child’s date of birth

Neonatal Details for Healthy Subjects Only
Birthweight (g)

5 Min Apgar

Birth length (cm)



Gestational Age



Sex

Boy

Admission to NICU or SCBU?

No

Girl
Yes – details

Singleton/Twin/Triplet:
Number in multiple birth

Smoking History (All subjects)
Did you smoke at any time while you were pregnant with [name]

Yes

No

If yes, approximately how many cigarettes per day?
Did you give up at any time?

Yes

No –when? (e.g. completed weeks):

Did you resume smoking during this pregnancy?
Yes

No – when? (e.g. completed weeks):
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Maternal Education/Employment
What is your highest level of education?
High School Yr
Bachelor Degree
Are you in paid employment?

TAFE/Trade cert
Post Grad
Yes

Diploma
No

What is your current job/was your most recent job?
____________________________________________________________

Paternal Education/Employment
What is the your highest level of education?
High School Yr
Bachelor Degree
Are you in paid employment?

TAFE/Trade cert
Post Grad
Yes

Diploma

No

What is your current job/was your most recent job?
____________________________________________________________
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Maternal ethnic origin:
Choose one section from A to E, then tick the appropriate box to indicate your cultural
background.

A

White/Caucasian
Australian
Irish
Please write in if not specified above

B

Aborigine or Torres Strait Islander
Aborigine
Aborigine and White
Any other Aboriginal/Islander background,
Please write in

C

Torres Strait Islander
Torres Strait Islander & White

Asian
Indonesian
Indian
Bangladeshi
Any other Asian background,
Please write in

D

British
European

Chinese
Pakistani
Malaysian

Mixed
White and Black Caribbean
White and Black African
White and Asian
Any other Mixed background,
Please write in

E

Black or Black British
Caribbean
Any other Black background,

African

Please write in
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Paternal ethnic origin: (Choose one section from A to E, then tick the appropriate box to
indicate your cultural background.

A

White/Caucasian
Australian
Irish
Please write in if not specified above

B

Aborigine or Torres Strait Islander
Aborigine
Aborigine and White
Any other Aboriginal/Islander background,
Please write in

C

British
European

Torres Strait Islander
Torres Strait Islander & White

Asian
Indonesian
Indian
Bangladeshi
Any other Asian background,
Please write in

D

Chinese
Pakistani
Malaysian

Mixed
White and Black Caribbean
White and Black African
White and Asian
Any other Mixed background,
Please write in

E

Black or Black British
Caribbean
Any other Black background,

African

Please write in
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6.7 Appendix 7- Child Health Questionnaire
QUESTIONNAIRE
A. WHEEZE & ASTHMA
1.

Has your child ever had wheezing or whistling in the chest
Yes
at any time in the past?(Since discharge from hospital as neonate) No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 12
2.

If yes what age was your child when you first heard wheeze?

3.

Has you child had wheezing or whistling in the chest
in the last 12 months?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 9
4.

How many attacks of wheezing has you child had
in the last 12 months?

5.

In the last 12 months, how often, on average, has
your child’s sleep been disturbed due to wheezing?

None 
1 to 3 
4 to 12 
> 12 

Never woken with wheezing 
Less than one night per week 
One or more nights per week 
6.

In the last 12 months, has wheezing ever been severe enough
to limit your child’s speech to only one or two words
at a time between breaths?

Yes
No




7.

In the last 12 months, has your child’s chest sounded wheezy
during or after exercise?

Yes
No




8.

In the last 12 months, has your child had wheeze
not associated with a cold or chest infection?

Yes
No




9.

If your child wheezed in the past but not in the
last 12 months what age did the wheezing stop?

10.

How many attacks of wheezing did your child have
prior to the last 12 months?

None 
1 to 3 
4 to 12 

11.

Prior to the last 12 months, has your child had wheeze
not associated with a cold or chest infection?

> 12



Yes
No
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12.

Has your child ever had asthma?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 16
Yes
No




Has your child ever taken asthma medication?
Medication: _____________________________________

Yes
No




17.

Has your child taken asthma medication in the last 3 months?
Medication: _____________________________________

Yes
No




18.

Is you child currently on asthma medication?

Yes



Medication:

No



Yes
No




13.

Was this diagnosed by a doctor?

14.

If yes what age was asthma first diagnosed?

15.

If the asthma has stopped what age did it stop?

16.

B. COUGH
19.

Has your child ever had cough WITHOUT colds at any
time in the past?

IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 30
20.

If yes, what age was your child when he/she first had cough?

21.

Has your child had cough when he/she does NOT have a cold
in the last 12 months?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 29
22.

Is your child’s cough worse with exertion?

Yes
No




23.

Is your child’s cough worse at any time of day?

Yes
No




24.

If yes, what time?

First thing in the morning
During the day
At night





25.

Is your child’s cough worse in any particular weather?

Yes
No

26.

If yes, what type of weather?

Cold 
Warm 
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27.

Is this cough accompanied by a rattle?

28.

Is this cough accompanied by phlegm?

29.

If the cough has stopped, what age was your child
when cough ceased to be a problem?

Always

Sometimes 
Never

Always
Sometimes
Never





C. HAYFEVER
30.

Has your child ever had a problem with sneezing, or a runny,
or blocked nose when he/she did not have a cold or the flu?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 35
31.

In the past 12 months, has you child had a problem with
sneezing, or a runny, or blocked nose when he/she did not
have a cold or the flu?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 35
32.

In the past 12 months, has this nose problem been accompanied
by itchy-watery eyes?

Yes
No

33.

In which of the past 12 months did this nose problem occur?
(please tick any which apply)
January

February

March 
April 
May

June

July 
August 
September

October

Nov 
Dec 

34.

In the past 12 months, how much did the nose problem interfere
with your child’s daily activities?
Not at all
A little
A moderate amount
A lot

35.

Has your child ever had hayfever?

Yes
No











IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 39
36.

Was this diagnosed by a doctor?

Yes
No
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37.

What age was your child when they first had hayfever?

38.

If the hayfever has stopped what age did it stop?

D. ECZEMA
39.

Has you child ever had an itchy rash which was coming and
going for at least six months?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 46
40.
Has this itchy rash at any time affected any of the following places:
The folds of the elbows, behind the knees, ankles, under the buttocks
or around the neck, ears or eyes?

41.

Yes
No




Under 2 years 
Age 2-4 years 

At what age did this rash first occur?

Age >4 years 
42.

Has your child had this itchy rash in the last 12 months?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 45
43.

Has the rash cleared completely any time during the last 12 months? Yes 
No 

44.

In the last 12 months, how often , on average, has your child been
kept awake by this itchy rash?
Never woken



Less than one night per week 
One or more nights per week 
45.

If the rash has cleared, what age was your child when it cleared?

46.

Has your child ever had eczema?

Yes
No




IF YOU HAVE ANSWERED “NO” PLEASE SKIP TO QUESTION 48
47.

Was this diagnosed by a doctor?

Yes
No
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E. FAMILY HISTORY
Family History: Hay fever Mother  Father  Sibling(s)   
Asthma
Mother  Father  Sibling(s)   

48.

Eczema

Mother  Father  Sibling(s)   

49.

If the mother has had asthma was this diagnosed by a doctor?

50.

If yes what age was asthma first diagnosed?

51.

If the asthma has stopped what age did it stop?

52.

If the father has had asthma was this diagnosed by a doctor?

53.

If yes what age was asthma first diagnosed?

54.

If the asthma has stopped what age did it stop?

Yes
No




Yes
No




F. RESPIRATORY IRRITANTS
55.

Does anyone smoke in the family?
Mother 

56.

57.

Father 

Does anyone smoke inside the home?

Other 

No 
Yes
No




Does your family own any pets? (please indicate where they spend their time)

Type

Y/N (and number)

Inside/Outside/Both

Cat
Dog
Bird
Rabbit
Guinea-pig
Other (please specify
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G. HOSPITAL ADMISSIONS
58.

Has your child been admitted to hospital at any time since original
discharge home?

59.

Year of admission

Yes
No




Reason for admission

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
H. OTHER HEALTH ISSUES
60.

Does your child have any other health issues not asked about previously?
Yes 
No


IF YOU HAVE ANSWERED “YES” PLEASE CONTINUE TO NEXT
QUESTION
61.

Please give brief details.
___________________________________________________________
___________________________________________________________
___________________________________________________________

62.

Is your child currently on any medications not listed previously
Yes
No




Does your child regularly see a health professional for these issues?
Yes
No




Please list:_______________________________________
________________________________________________
63.
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6.8 Appendix 8- Respiratory Symptoms- 3 months
Name of Child ______________________
Date ____________________

Study Number

1.
This first question refers to at any time in your child’s life:
Has your child ever had wheezing (whistling noise
Yes
coming from the chest) at any time in the past?

No

2. The next questions are specifically aimed at the last three months:
A) During the day (when awake) in the last three months:

i) My child has had wheezing (whistling noise coming from the chest):
Every day

most days

some days

a few days

not at all

some days

a few days

not at all

a few days

not at all

a few days

not at all

ii) My child has had a cough:
Every day

most days

iii) My child has had a rattly chest:
Every day

most days

some days

iv) My child has been short of breath:
Every day

most days

some days

B) During the night (when asleep) in the last three months:
i) My child has had wheezing (whistling noise coming from the chest):
Every night

most nights

some nights

a few nights

not at all

some nights

a few nights

not at all

some nights

a few nights

not at all

some nights

a few nights

not at all

some nights

a few nights

not at all

ii) My child has had a cough:
Every night

most nights

iii) My child has had a rattly chest:
Every night

most nights

iv) My child has been short of breath:
Every night

most nights

v) My child has snored:
Every night

most nights
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Name of Child ______________________

Study Number

C) How many colds has your child had in the last three months:
None

one

two

three

more than
three

always
has a
cold

If the answer to the above question is ‘none’ continue to questions in
Section D:
When my child has had a COLD in the last three months:
i) My child has had wheezing (whistling noise coming from the chest):
Every cold

most colds

some colds

a few colds

not at all with colds

some colds

a few colds

not at all with colds

a few colds

not at all with colds

a few colds

not at all with colds

ii) My child has had a cough:
Every cold

most colds

iii) My child has had a rattly chest:
Every cold

most colds

some colds

iv) My child has been short of breath:
Every cold

most colds

some colds

D) When my child does NOT have a COLD, in the last three months:
i) My child has had wheezing (whistling noise coming from the chest):
Every day

most days

some days

a few days

not at all

some days

a few days

not at all

a few days

not at all

a few days

not at all

ii) My child has had a cough:
Every day

most days

iii) My child has had a rattly chest:
Every day

most days

some days

iv) My child has been short of breath:
Every day

most days

some days
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E) When my child has been MORE ACTIVE (e.g. playing sport, walking or
running) in the last 3 months
i) My child has had wheezing (whistling noise coming from the chest):
Every day

most days

some days

a few days

not at all

some days

a few days

not at all

a few days

not at all

a few days

not at all

ii) My child has coughed:
Every day

most days

iii) My child has had a rattly chest:
Every day

most days

some days

iv) My child has been short of breath:
Every day

most days

some days

F) These next three questions are about other problems your child may have
had. Over the last three months:
i) My child has had noisy breathing that does not seem to come from the chest:
Every day

most days

some days

a few days

not at all

a few days

not at all

ii) My child has had fast breathing:
Every day

most days

some days

iii) My child has had noisy breathing that appears to come from the throat or back
of the throat:
Every day

most days

some days

a few days

not at all
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G) The next four questions are on how your child’s chest symptoms actually
affect HIM or HER over the last three months:
i) My child’s chest symptoms have affected my child’s feeding or eating:
Every day

most days

some days

a few days

not at all

ii) My child’s chest symptoms have woken up my child:
Every night

most nights

some nights

a few nights

not at all

iii) My child’s chest symptoms have reduced my child’s activity:
Every day

most days

some days

a few days

not at all

iv) My child’s chest symptoms have made my child unusually tired:
Every day

most days

some days

a few days

not at all

H) The next four questions are on how your child’s chest symptoms actually
affect YOU and YOUR family’s life the last three months:
i) My child’s chest symptoms have limited my activities:
Every day

most days

some days

a few days

not at all

ii) My child’s chest symptoms have resulted in adjustments being made to our
family life:
Every day

most days

some days

a few days

not at all

iii) My child’s chest symptoms have disturbed our sleep:
Every night

most nights

some nights

a few nights

not at all

iv) I have been worried about my child’s chest symptoms:
Every day

most days

some days

a few days

not at all
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