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Abstract

Antenatal glucocorticoids are widely used in perinatal medicine, and are one of the key

treatments responsible for improving survival of preterm infants since the 1960s. A

systematic review reported in this thesis concludes that antenatal glucocorticoids reduce

the risk of neonatal death, respiratory distress syndrome (RDS), intraventricular

haemorrhage, necrotising enterocolitis, infectious morbidity and need for respiratory

support. Several areas of uncertainty have been clarified, including the effectiveness of

treatment in the culrent era of neonatal practice, and in women with hypertension

syndromes and premature rupture of membranes. However there is a paucity of data on

long-term outcomes after exposure to antenatal glucocorticoids. This is particularly

important given recent proposals that fetal exposure to excess glucocorticoids may be a

core mechanism explaining the epidemiological evidence that those born small are at

increased risk of later adult disease. Furthermore, the relative contributions of fetal

growth and prematurity to small size at birth, and hence later disease risk, has not been

well elucidated.

This thesis reports the follow-up of 534 thirty year olds whose mothers parricipated in

the first, and largest, randomised trial of antenatal betamethasone for prevention of

neonatal RDS. Two-thirds of participants were born preterm. Follow-up assessments



included cardiovascular risk factors, spirometry, psychological assessment and bone

densitometry.

Exposure to antenatal betamethasone did not affect mortality, body size, blood pressure,

lung function, fasting plasma levels of lipids, cortisol or IgE, socio-economic status,

psychological functioning, health related quality of life or bone mass. However

betamethasone-exposed participants showed increased insulin resistance. This is the

first experimental evidence in man to demonstrate long-term metabolic effects of fetal

glucocorticoid exposure. However, as all other outcomes are reassuring, and treatment

significantly reduces neonatal mortality and morbidity, obstetricians should continue to

use a single course of glucocorticoids for the prevention of neonatal RDs.

Adults who were born preterm had increased blood pressure, insulin resistance, reduced

lung function and reduced adult height at age thirty. This is the largest reported follow-

up of ex-preterm infants into adulthood. Although the associations are relatively small,

their potential implications for the prevalence of later chronic obstructive pulmonary

and cardiovascular disease are ofconcern.
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1 General introduction

1.1 Introduction

In 1972, Liggins and Howie published a randomised controtled rriat (RCT), the

Auckland Steroid Trial, on the use of antenatal glucocorticoids for the prevention of

neonatal respiratory distress syndrome (RDS) associated with preterm birth.l The

Auckland Steroid Trial demonstrated that antenatal glucocorticoids significantly

reduced neonatal RDS and mortality. Subsequent RCTs and meta-analysis have

reinforced these findings.'Today, antenatal glucocorticoids, in the same doses as used

in the Auckland Steroid Trial, continue to be recommended in the management of

preterm labour with few exceptions.2 3

Over the past two decades a large amount of epidemiological evidence has shown

increased rates of later mortality and morbidity in individuals who were born small, the

so called developmental origins of adult disease hypothesis.a Fetal exposure to excess

glucocorticoids is proposed as one of the core mechanisms explaining these

epidemiological findings.s Prior to the body of work described in this thesis, little or no

information existed conceming later socio-economic, cardiovascular, respiratory,

endocrine, or psychological status in adulthood following antenatal glucocorticoids.



The primary objective of this thesis is to describe these long-term effects of antenatal

glucocorticoids. In doing so this thesis addresses the questions both of the long-term

safety of antenatal glucocorticoid treatment and also of experimental evidence in man

that excess fetal glucocorticoid exposure may be a possible mechanism underlying the

recent epidemiological findings of increased adult disease risk in those born small. This

thesis uses data from the thirty-year follow-up of the neonatal survivors from the

Auckland Steroid Trial. As approximately one third of the neonatal survivors from the

Auckland Steroid Trial were born at term this thesis also has the secondary objective of

describing the long-term effects of preterm birth.

1.2 Preterm birth

1.2.1 Definitions

Preterm birth is defined as delivery before 37 completed weeks gestation, with very

preterm infants being born before 32 completed weeks gestation and extremely preterm

infants being born before 28 completed weeks gestation.6 Estimates of gestational age

are usually based on the maternal date of last menstrual period and./or confirmed by

antenatal ultrasound scan. However there is frequently uncertainty concerning

gestational length. The date of the last menstrual period may be unknown.

Furthermore, the precision of antenatal ultrasound scanning to determine the length of

gestation decreases with increasing gestational length.T Crown rump length is

commonly used for dating in the first trimester of pregnancy. However this has a

random error of four to eight days.t Femur length, commonly used in the second and



third trimesters, has a reported accuracy for pregnancy dating that ranges from one

week in the second trimester to three to four weeks at term.s [n order to avoid some of

this uncertainty perinatal data are often presented in terms of birth weight.

Low birth weight (LBw) is defined as a birth weight of <2,5009, with very low birth

weight (vLBw) infants having a birth weight of <1,5009 and exrremely low birth

weight (ELBW) infants having a birth weight of <1,0009.6 Although frequently

overlapping, the two categories of LBW and preterm birth are not interchangeable.

only two thirds of LBW infants are born preterm,6 with the remainder of LBW infants

being born at term but being small for gestational age (SGA), that is a birth weight

<10ft centile for an infant's gestational age. preterm infants may also be SGA.

1.2.2 Epidemiotogy

Preterm birth accounts for between 6 and 12vo of all births in high-income countries.6 e

lo Limited data on the incidence of preterm birth are available from low-income

countries'lt '2 However it has been estimated that 28vo ofthe 4 million neonatal deaths

that occur globally each year are directly attributable to preterm birth. Almo st all (99Vo)

of these neonatal deaths occur in middle and low-income countries. Amongst cpuntries

with low neonatal mortality rates, mainly high-income countries, the proportion of

neonatal deaths attributed to preterm birth is even greate r at >4Tvo.tl
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Over recent decades the incidence of preterm birth has increased. For example, in the

United States of America the incidence of preterm birth has increased by 29To, from

9.4Vo of all live births in l98l to l2.l?o of all live births in 2O02.e In New Zealand, the

most recent data available suggest rates of singleton preterm birth rose by 37Vo, from

4.3Vo in 1980 to 5.9Vo in 1999 [Figure l.l].r0 As with data from orher high-income

countries' the recent increase in preterm births in New Ze,alandhas mainly been due to

those born after 32 weeks gestation.6 This increase in the overall incidence of preterm

birth has not been confined to high-income countries. Alarmingly, three population

birth cohorts from Brazil, a middle-income country, report an increase in the incidence

of preterm birth from 6 to l6vo over a 22 year period.l3

Figure l.l: Rates of preterm birth by gestational age group; New Zealand singleton live
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The reasons for the increase in the incidence of preterm birth are not fully understood.

However in high-income countries, including New TnaIand, increasing incidence of

multiple birth, greater use of assisted reproduction technologies, increasing use of

ultrasound dating of pregnancy and increased obstetric intervention to prevent stillbirths

and neonatal deaths have all been implicated.e 14 15 In Brazil increased obstetric

intemrption of pregnancy and inaccurate ultrasound dating scans have both contributed

to their increased incidence.l3

Figure l'2 details the major determinants of preterm birth. The majority of prererm

births are assosciated with spontaneous preterm labour, preterm prelabour rupture of the

membranes or multiple pregnancy.6't Malor risk factors for spontaneous preterm labour

and preterm prelabour rupture of the membranes include a history of preterm birth and

low socio-economic status.6

Lower socio-economic status is a risk factor for preterm birth, regardless how it is

measured. In New 7-ealand, the odds ratio for preterm birth is l.l7 for the most

deprived lOVo of the population compared to the least deprived lOVo of the population.r6

The reason for the discrepancy between social classes is not completely understood.

However poorer nutritional status, lack of antenatal care, greater frequency of genital

tract infections, higher psychological stressors, increased incidence of cigarette

smoking and greater use of recreational drugs are all likely contributing factors.12
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Figure 1.2: Determinants of preterm birth.
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A similar discrepancy exists amongst ethnic groups. In the United States of America the

incidence of preterm birth is higher amongst blacks. This difference is not explained by

the variance in socio-economic status between whites and blacks.t In New Tnaland,

Maori and Indians have a higher incidence of preterm birth than Europeans, although

both Pacific peoples and Asians have a lower incidence compared with Europeans.

Furthermore, trend data from 1980 to 1994 show that rates of preterm birth have

increased by 3ovo in Europeans yet decreased slightly in Maori and pacific peoples.tcle

These local ethnic disparities in the incidence of preterm birth are also not explained

alone by differences in socio-economic status.

Approximately a quarter of all preterm births occur in multiple pregnancies. Half of all

twin pregnancies and nearly all of higher order multiple pregnancies result in preterm

birth'6 over the past two decades there has been an increased incidence of multiple

6



births in high-income countries, matching the development and increased use of

assisted reproduction technologies.6 l2 la Increased intervention prior to term in multiple

pregnancies in this era has also lead to an increase in preterm births.20 The use of

assisted reproduction technologies also results in increased preterm birth amongsr

women with singleton pregnancies.b

1.2.3 Neonatal consequences

1.2.3.1 Mortality

Just over a quarter of all gtobal neonatal deaths are directly attributable to preterm birth.

However preterm birth is also an indirect cause of neonatal death mainly due to the

increased susceptibility of preterm infants to infection. The majority (75%) of total

neonatal deaths occur in the first week of life, significantly more (259o) on the first day

of life than at any other time in the neonatal period.ll

In high-income countries the excess mortality rate amongst infants born preterm is

mainly confined to those bom very preterm and extremely preterm.6In general neonatal

mortality decreases with increasing gestational age at birth. In New Z*aland for the

years 1998 and 1999 survival to discharge home for live births admitted to neonatal

intensive care units (NICUs) at,44 weeks was 42Vo, for live births between 24 and25

weeks the figure was 72Vo, improving to 9'lVo for those born between 3O and 3l

weeks-2| Improvements in neonatal mortality have occurred over the last two decades.



However mortality remains very high in those infants born at the limits of neonatal

viability [Figure 1.3].

Figure 1-3: Mortality in United Kingdom neonatal intensive care cohorts of infants bom

before 32 weeks gestation.

Adapted from TuckerJ, et al. BMJ ZN4:32g:675_g.

'As well as experiencing high rates of neonatal mortality, pretenD infants suffer from

significant morbidity' which has long+erm consequences. of preterm infants born in

New Zealand in 1998 and 1999, and discharged houre alive, a substantial proportion

had suffered from major neonatal rnorbidity (one or more of: chronic lung disease
a

(CID), high grades of rctinopathy of prernamrity or high grades of abnormal neonatal

crranial ultrasound diagnoses). Once again the incidence of major neonatal morbidity

improves with increasing gestational age. Of those bom at <24 weeks 73% of those

discharged home had suffered from major neonatal morbidiry, for live births between
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24 and 25 weeks who were discharged home the figure was 6lTo, improving to 7Vo for

those born between 30 and 3l weeks.2l

1.2.3.2 Respiratory complications

1.2.3.2.1 Normal lung development

The development of the lung is traditionally divided into five stages: embryonic,

pseudoglandular, canalicular, terminal sac and alveolar. ln the embryonic stage the lung

first appears as an outgrowth of the primitive foregut at approximately 22 to 26 days

after conception. By 34 days this outgrowth has divided into left and right sides. In the

pseudoglandular stage, from 8 to 16 weeks gestation, the major bronchial airways and

associated respiratory units of the lung :ue progressively formed. At this time the lung

blood vessels begin to form in paratlet to the developing airways. At canalisation, from

17 to 25 weeks gestation, the airways progressively grow, widen and lengthen.

Following this, in the terminal sac stage, the terminal bronchioles enlarge and

subsequently give rise to terminal sacs, the primitive alveoli. The terminal bronchioles,

terminal sacs and alveoli are the functional units of gas exchan gs.Lz-za

At the end of the canalicular stage, type II pneumocytes can be seen in the alveoli. Type

II pneumocytes are responsible for surfactant production. Within these cells lamellar

bodies store surfactant and secrete it into alveolar airspace via exocyosis. Lamellar

bodies first begin to appear at 22 to 24 weeks gestation. Surfactant reduces surface



tension within alveoli and thus prevents atelectasis of alveoli from occuning with

expiration- Surfactant consists of approxim ately gOVo lipids and lTTo apoproteins (Sp-

A, -8, -c and -D). The majority of rhe lipid component is composed of

phosphatidylcholine, the disaturated form of which, dipalmitoylphosphatidylcholine, is

the main component of surfactant responsible for the reduction of alveolar surface

tension. The hydrophobic surfactant apoproteins, SP-B and SP-C, also contribute to the

surface tension reducing properlies of the surfactant.23 25 The hydrophilic surfactant

apoproteins, SP-A and SP-D, play a role in lung host defence mechanisms as these

apoproteins help bind pathogens and enhance their phagocytic removal.26

1.2.3.2.2 Respiratory distress syndrome

Preterm infants have a both a qualitative and quantitative deficiency of surfactant. This

deficiency is the major underlying pathophysiological cause of neonatal RDS. A lack of

surfactant results in higher than normal surface tension during expiration, leading to

atelectasis with subsequent intrapulmonary shunting, ventilation perfusion inequalities

and ultimately respiratory failure. Furthermore, capillary leakage allows inhibitors from

the plasma to reach the alveoli and inactivate any surfactant that may be present. In

addition hypoxia, acidosis and hypothermia (common problems in the very prererm

infant) can all reduce surfactant synthesis required to replenish the surfactant pool.

As the majority of surfactant is produced after 30 to 32 weeks, neonatal RDS is far

more cofilmon in very preterm infants, although it can even be present in infants born at

l0



term. Infants with neonatal RDS present soon after birth with deteriorating respiratory

status, including tachypnoea (respiratory rate of >60); intercostal, subcostal and sternal

recession; expiratory grunting; cyanosis; and diminished breath sounds on auscultation.

Untreated, infants are at risk of becoming fatigued, apnoeic and hypoxic, with further

progression to respiratory failure and death.27

Treatment of neonatal RDS is aimed at homeostatic and ventilatory support as well as

surfactant replacement. The hypothermia, hypoglycaemia, acidosis and hypoxia that

often accompany neonatat RDS should be corrected to provide an optimal homeostatic

environment. Ventilatory support (commonly in the form of nasal continuous positive

airway pressure (CPAP), intermittent positive pressure ventilation or ventilation with

high frequency oscillation) by maintaining positive end expiratory pressure within

alveoli helps prevent the atelectasis of alveoli that is associated with surfactant

deficiency. Intratracheal administration of surfactant to infants with neonatal RDS is

associated with a decreased risk of pneumothorax, pulmonary interstitial emphysema,

intraventricular haemorrhage (IVH), CLD, neonatal mortality and mortality by one year

of age.28-30

Since the publication of the Auckland Steroid Triall antenatal glucocorticoids have

been utilised for the prevention of neonatal RDS. Their neonatal effects are discussed in

section 1.3 of this chapter and in chapter 3 of this thesis. Antenatal administration of

thyrotropin-releasing hormone (TRH) has also been investigated for the prevention of

neonatal RDS' This treatment is not associated with any additional benefit over

ll



antenatal glucocorticoids and is

outcomes.3l

in fact associated with worse maternal and neonatal

1.2.3.2.3 Chronic Lung disease

CLD is the major long-term respiratory morbidity associated with preterm birth. In

1967 Northway originally defined CLD, initially termed bronchopulmonary dysplasia,

as oxygen dependency and abnormal chest x-ray changes at 28 postnatal days of age.32

over time this definition has been refined to the need for ventilatory support or

supplemental oxygen, in preterm infants, at 36 weeks postmenstrual age.27 Northway

proposed that bronchopulmonary dysplasia was a consequence of ventilatory trearnent

for neonatal RDS-32 The pathological changes seen today in CLD are different than

those described by Northway and reflect a "new" bronchopulmonary dysplasia that

represents an intemrption of normal lung development, which may prevent subsequent

lung growth and development.33

The major risk factor for CLD is extreme prematurity. In Australia and New Zealand

approximately SOVo of extremely preterm infants who survive to 36 weeks are still

oxygen dependant.3a Othe, risk factors include: prolonged mechanical ventilation,

severe RDS, SGA, male sex, patent ductus arteriosus, maternal chorioamnionitis and

neonatal sepsis.?? 34-32
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There is limited evidence as to how to optimally treat and prevent CLD and a number

of questions concerning the management of CLD remain unanswered.3a 3E Current

strategies generally involve the prevention of oxygen toxicity and barotraum4 optimal

nutritional support, diuretics, bronchodilators as well as postnatal glucocorticoids. Y 3e

o0 Th" use of postnatal glucocorticoids for the prevention of CLD is discussed in section

1.3.6.

CLD is associated with significant later morbidity. Preterm infants discharged home

with CLD have higher rates of subsequent re-hospitalisation, particularly with

respiratory illnesses, than those infants of an equivalent gestational age at birth without

CLD.27

1.2.3.3 Neurological comptications

IVH is bleeding that begins in the periventricular subependymal germinal matrix of the

brain and can progress to bleeding into the ventricular system. ELBW babies are at

particular risk for IVH as development of the germinal matrix is immature in these

infants. Any event that results in unstable cerebral circulation can cause IVH, including

hypoxia, ischemia, rapid fluid changes and pneumothorax. Presentation of tVH can be

asymptomatic or catastrophic, depending on the degree of the haemorrhage. Both the

incidence and severity of IVH decreases with increasing gestational age.

l3



The major risk factor for IVH is extrerne prematurity. In New T:caland for the years

1998 and 1999 the incidence of IVH in inlants bom 44 weeks was 47vo,for infants

born between 24 and 25 weeks the figure was 30vo, improving to TVo for those born

between 30 and 3l weeks.2t Additionot risk factors include: SGA, RDS, intermittent

positive pressure ventilation, sepsis and cardiovascular instability.

IVH is commonly classified as follows:ar

Grade I - subependymal bleed

Grade II - IVH without distension of the ventricle

Grade III - fVH with distension of the ventricle

Grade IV - IVH with bleeding into the brain parenchyma

ln the New Zealand data, the incidence of grades III and ry IVH decreased from SlVo

in infants born between 24 and 25 weeks to 4Vo in infants bom between 3O and 3l

weeks'2| Severe grades of IVH (III and IV) can result in hydrocephalus, porencephaly

and cognitive impairment.

Alongside rVH, periventricular leucomalacia is the major cause of neurological

morbidity in survivors of preterm birth. Ischaemic damage to the precursors of later

neuronal cells (pre-oligodendrocytes) is the major pathophysiological feature. As with

rVH, the incidence of periventricular leucomalacia decreases with increasing gestation.

In the very preterm and extremely preterm infant poor vascular supply to the
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"watershed" periventricular white matter results in these infants being susceptible to

ischaemic damage in this area. Thus events that result in unstable cerebral circulation

can result in periventricular leucomalacia, which is usually diagnosed a few weeks after

the ischaemic insult. The presence of periventricular leucomalacia, particularly cystic

periventricular leucomalacia, is associated with an increased risk of cerebral palsy,

predominantly spastic diplegia.a2o3 ln New Zsaland for the years 1998 and 1999 the

incidence of periventricular leucomaracia in infants born <32 weeks wasZvo.2l

Finally, immaturity of the retinal blood vessels in VLBW and very preterm infants

predisposes these infants to retinopathy of prematurity and long-term visual axis

problems. Oxygen toxicity in these infants can perrnanently damage the maturing

retinal vessels.4 once again, the incidence and severity decreases with increasing

gestational age. In New Zealand for the years 1998 and 1999 the incidence of grade Itr

and tV retinopathy of prematurity (the more severe forms) was 25To in infants born at

<24 weeks and l3vo for infants bom betwe en 24 and 25 weeks. However in infants

born between 30 and 3l weeks there were no reported cases of grade Itr and IV

retinopathy of prematurity and only 37o of these infants had grades I and II disease.2r

1.2.3.4 Other complieations

l5
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Preterm infants are particularly susceptible to infection.os A quarter of all preterm

infants born <32 weeks in New Tx,aland,between 1998 and 1999, had proven systemic

infection.2l Bacteraemia, pneumonia, meningitis, urinary tract infection and central

vascular catheter infections are cofilmon in such infants.as Infection during the neonatal

period is a considerable cause of mortality amongst preterm infants.a6

1.2.3.4.2 Gastrointestinal

Preterm infants born <35 weeks are usually unable to coordinate sucking and breathing

due to neurological immaturity. These infants often require nutritional support via

either nasogastric or orogastric feeding. lmmaturity of the gastrointestinal tract is a

major risk factor for necrotising enterocolitis. Preterm infants who are SGA or unwell

with respiratory or infectious diseases ,ue also at increased risk of necrotising

enterocolitis.aT

1.2.3.4.3 Cardiovascular

Hypotension is associated with adverse outcome, in particular IVH and periventricular

leucomalacia' Risk factors include: need for respiratory support, systemic infection,

perinatal asphyxia and a patent ductus arteriosus. A patent ductus arteriosus is

associated with increased risk of more severe respiratory disease and IVH. Both

hypotension and patent ductus arteriosus are cornmon in very preterm infants.4
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123.4.4 Homeostatic

Preterm infants are susceptible to both hyperglycaemia and hypoglycaemia. Severe and

prolonged hypoglycaemia may have adverse long-term neurological sequelae. Similarly

hyperbilirubinaemia, commonly seen in preterm infants, may have adverse long+erm

neurological sequelae if untreated. Preterm infants are also susceptible ro poor

electrolyte and thermal regulation.

1.2.4 Long-term sequefae

As survival during the

consequences of preterm

important and relevant.

neonatal period has improved,

birth in the infant survivors has

the long+erm health

become increasingly

1,2.4.1 Mortality

Preterm infants with persisting major morbidity from the neonatal period, particularly

CLD and neurological morbidity, ilr€ at increased risk of later childhood death. The risk

of childhood death is proportional to the severity of these morbidities, and thus

inversely related to the gestational age at birth. Data from the Auckland Steroid Trial

reveals that 14 (4vo) of the 318 neonatal survivors had died by the time of the six year

world Health organisation (wHo) Follow-up study.ae-st Approximately half of these
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deaths were partially attributable to preterm birth and all of these occuned within the

first year of life. In the current era, even amongst extremely pretenn infants, death

following hospital discharge is rare. of all extremely preterm infants born in victoria,

Australia, between l99l and 1992, ll%o of all deaths up to five years of age occurred

after 28 days of age with only lvo occurring after hospital discharge.s2 Similarl y, lvo of

deaths occurred after hospital discharge in follow-up of infants born at <26 weeks from

the United Kingdom in 1995.53 There is little information on long-term mortality into

adulthood' However published mortality incidence rates during adolescence remain

low: only one of 316 ELBW survivors alive at age two years died as a result of a

complication of prematurity by age 20 years in a cohort from the United States of

America.sa

1.2.4.2 Bespiratory sequelae

Preterm birth, particular for those infants with CLD, is associated with increased later

respiratory morbidity, particularly with respiratory syncytial virus bronchiolitis.

Furthermore, ex-preterm infants who contract respiratory syncyial virus bronchiolitis

are at increased risk from complications of the infection, including death.ss However

this increased risk of respiratory complications following pretenn birth appears to be

mainly confined to infancy. As lung growth and increase in the number of alveolar trnits

continues up to approximately two years of age, management of cLD is aimed at

metabolic and nutritional support of infants during this period in order to maximise

optimal lung growth.
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Despite this improvement in lung function in infancy, preterm birth remains associated

with subtle decreased expiratory flow on formal lung function testing in later childhood

and adolescence-56-6e Again this finding is more pronounced amongst those who

suffered from 91p.70-ze RDS, in the absence of CLD 60 and independent of

prematurity,to hu, also been associated with decreased lung function in childhood,

although this finding was not seen in the one study conducted in adulthood.sl

Unfortunately the majority of studies of long-term lung function following prererm

birth have used populations that were either VLBW or very preterm.sT 5s624s68'737s7?78

Little information is available concerning lung function in adulthood after pretenn birth

or in those who were born >32 weeks gestation, despite these babies accounting for the

majority of preterm births.6

Studies of preterm birth and later respiratory symptoms, particularly asthma, have been

inconsistent in their findings. Asthma was not found to be associated with preterm birth

in previous cohort studies of ex-preterm infants conducted in childhood63 82 and

adulthood.s'e However preterm birth was associated with increased "troublesome and

frequent cough" in 130 ex-I.Rw infants at age seren.82 Furthermore, a large population

cohort study of nearly 60,000 singleton births from Finland reported an association

between preterm birth and asthma at age seven.85 This association was not replicated in

a population study from the United Kingdom of 5 to I I year old children. However the

authors of the United Kingdom study found an association between "wheeze most

days" and preterm birth.86 There is no information available concerning respiratory

symptoms or asthma in adulthood after preterm birth.
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1.2.4.3 Neurological and psychotogicat sequelae

Ex-preterm infants are at risk of motor developmental delay and cerebral patsy.

Neurological damage during the neonatal period, particularly severe IVH and

periventricular leucomalacia, are significant risk factors for later cerebral palsy.

Additional risk factors include both sepsis and severe illness in the neonatal period.87

Meta-analysis of follow-up studies of ex-preterm infants conducted at school age

concludes that ex-preterm infants have lower cognitive functioning scores compared

with controls (mean weighted difference 10.9 intelligence quotienr (Ie) points (95vo

confidence interval (Cl7=9.2-12.5)). The 15 studies included in this meta-analysis were

derived from heterogeneous ex-preterm populations and utilised a number of standard

cognitive measures. However the studies were mainly confined to ex-VLBW or very

preterm infants.sE There is little information concerning later cognitive function in those

born > | ,500g or >32 weeks or of cognitive function into adurthood.

Ex-preterm infants, particularly ex-ELBW infants, are also at increased risk of visual

and hearing impairment. Visual impairment is a complication of the severe forms of

retinopathy of prematurity and in some cases secondary to cortical damage. The

aetiology of the hearing impairment is multifactorial and related to severity of neonatal

illness, cortical damage and the ototoxicity of a number of the common medications

used in the neonatal period.87
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The risk of later neurological sequelae diminishes with increasing gestational age at

birth. In the population cohort study of all extremely preterm infants born in Victoria,

Australia' between l99l and 1992, the incidence of survival free of major sensorineural

disability at age five, in those who had been discharged home from hospital, increased

from 60Vo for those born at 23 weeks to 92Vo for those born at 27 weeks. Major

sensorineural disability was defined as one or more of the following: blindness,

sensorineural deafness requiring the use of hearing aids, cerebral palsy of such severity

that the child was either not walking or walking with considerable difficulty, or an Ie

score <-2 standard deviation (SD) below the mean.s2

At school ex-VLWB infants also experience increased risk of learning difficulties and

sociaVdevelopmental problems. Notably, ex-VLWB infants experience poorer

educational attainment,se poorer cognitive test scores,S8 and increased risk of symptoms

of attention deficit hyperactivity disorder,s8 anxiety,to aod depression.m In addition, risk

of psychiatric morbidity is further enhanced as perinatal insults are known to increase

the prevalence of depressionel e2 
and schizophreniae3 eo in later life.

There is very little information available concerning these neurological and

psychological outcomes in adulthood following preterm birth. This is partly because

survival rates after preterm birth were very low before the 1970s, so that most large

well-defined cohorts of preterm survivors have not yet reached adulthood. Furthermore,

reports of long-term follow-up of neurodevelopmental sequelae have mainly been

confined to late adolescence and generally been restricted to VLBW cohorts,ss despite
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the majority of preterm survivors

weights of >1,5009.6

being born at gestations of >32 weeks and birth

1.2.4.4 Health related quality of life

Health related quality of life (HRQoL) is a multidimensional construct that refers to the

impact of a person's health state on his or her experiences.et These measures take into

account broad definitions of health such as that from the wHo:

The extent to which an individual or a group is able to realise
aspirations and satisfy needs, and to change or cope with the
environment. Health is a resource for everyday tife, not the objective
of living; it is a positive concepr, lryRhasising sociar and personal
resources as well as physical disease.eo

HRQoL measures focus on the impact of a person's health status on the major domains,

or components, of HRQoL: physical functioning, occupational functioning,

psychological functioning, social interaction and somatic sensation.ez

As cohorts of ex-preterm infants have reached adolescence attention has focused on

these infants' HRQoL as part of long-term follow-up of both prererm birth and perinatal

treatments. However only a small number of studies have published results, with no

studies reporting past late adolescenc eleuly adulthood.es Cooke reported similar

HRQoL in ex-VLBw preterm infants compared to individuals who had been born at

term in a cohort study of 150 individuats at a mean age of 20.8e However, in a follow-

up study of 92 VLBW survivors, I 19 LBw survivors and 69 controls, Dinesen and

Greisen reported lower objective quality of life amongst the VLBW survivors in late
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adolescence when compared to controls, although subjective quality of life and

objective quality of life amongst LBW survivors did not differ from controls.s

Similarly, Saigal et al repofled lower mean HRQoL scores in a follow-up study of l4l

ELBW survivors at 12 to 16 years of age, although the proportion of ex-ELBW infants

reporting high HRQoL was similar to that of controls.tm A possible explanation for the

differences seen between studies is that, as with neurological sequelae, HReoL is

proportionally more affected in those survivors born ELBW or with severe handicap.

1.2.4.5 Cardiovascular and endoerine seguelae

In the last two decades a large amount of epidemiological evidence has focused on the

relationship between small size at birth and later cardiovascular and endocrine disease

risk-4 This evidence is discussed in section L4.3. Unfortunately the majority of the

studies exploring these relationships have used term or historical population cohorts

that either included very few preterm individuals or lacked prospective information on

length of gestation. Furthermore, cohorts of preterm survivors have only developed

since the late 1970s and therefore information concerning later cardiovascular risk

following preterm birth has been mainly confined to risk in childhood and adolescence.

In the longest reported follow-up of cardiovascular risk following preterm birth to date,

Irving et al reported increased fasting insulin levels and increased systolic blood

pressure in 34 ex-preterm individuals at age 24 who had been born <2,0009.101 Further

studies have confirmed increased systolic blood pressure in ex-VLBW preterm infants
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at age l8'102 and a detailed study of the insulin/glucose axis in prepubertal children who

had been born very preterm confirmed later insulin resistance in this group.r03

The effect of preterm birth on later hypothalamic-pituitary-adrenal (HpA) axis function

and fasting serum lipids remains uncertain. A study of 100 individuals at age 24 has

reported increased plasma cortisol concentrations in both ex-appropriate and ex-SGA

preterm infants.lu Conversely, Irving and colleagues reported no difference in plasma

cortisol concentrations in both male and female ex-preterm infants compared with

controls born at term, although the authors reported lower urinary cortisol secretion in

the subset of ex-appropriate for gestational age females.l0s Studies in childhoodlG and

adulthoodlot huu" not found an association between gestational age or preterm birth and

total serum cholesterol or serum triglyceride, although being born preterm has been

shown to be associated with abnormalities of cholesterol synthesis and breakdown.lffi

Preterm birth is also associated with later short stature in both childhood and

adulthood'|ffi 108 A number of studies have further examined the relationship between

preterm birth and later bone mass, usually measured. by dual energy x-ray

absorptiometry (DXA).107 loe-lla These studies have shown relationships between

preterm birth and lower later bone mineral content (BMC) and/or bone mineral density

(BMD) at various sites,lo7 loe rrl l13tra typically total hip, lumbar spine and total body.

However in most cases the association between preterm birth and lower later bone mass

is abolished after adjustment for current body size,lo7 I I I lt3 lra indicating that that those

born preterm have appropriate bone mass for their bone size. This proportional bone

growth is supported by the finding that preterm birth is not a risk factor for childhood
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fracture.l15 There are no reports of bone mass or fracture risk in ex-preterm infants in

early adulthood, a time of peak bone mass following the completion of pubertal growth.

1.3 The role of glucocorticoids in the perinatal period

1.3.1 Auckland Steroid Trial

1.3.1.1 lnitial animal evidence

Like a number of discoveries in science, serendipity played a role in the discovery of

the effect of antenatal glucocorticoids for the prevention of neonatal RDS.ll6 It was

while investigating the effects of corticosteroids on the initiation of parturition that

Liggins made the observation that a fetal sheep infused with glucocorticoids early in the

third trimester had partially aerated lungs on autopsy. I l7 | l8

I remember one moming, there was a lamb lying in a cage with its
mother. A lamb that had been infused as a fetus with cortisol. And to
my surprise this lamb was still breathing, not very healthy breathing,
but it was alive and breathing. It had no right to ue. tt was so
premature that its lungs should have been just like liver, and quite
uninflatable. And this struck me as surprising, and when we came to
do the autopsy the lungs were partly inflated and this was absolutely
surprising. so, weighing this up I postulated that the cortisol had
accelerated the maturation of enzymes in the lung that caused
accelerated maturation. Now at that time my facilities were fully
occupied in studying the question of parturition and I didn't have time
topursue this lung problem any further. But it so happened that Mary
Ellen Avery who was a big name in RDS and lung problems, and the
discoverer of the fact that surfactant was necessary for the
maintenance of lung expansion, was visiting New 7*arand. so we
were both going to a meeting in christchurch where I described my
findings in a series of lambs with expanded rungs. she couldn't get
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back to the States fast enough to set up experiments in rabbits - giving
fetal rabbits cortisol - and produced the definitive paper on the effects
of corticosteroids on lung maturation. So, as far as t was concerned, it
rested at that point and I thought, "well if it works in animals why
shouldn't it work in human babies?" As far as we knew lungs in
human babies had the same enzymes as animal lungs. should we not
do a clinical trial and pur it to rest? so I was goJsiping with Ross
Howie, our paediatric colleague, and Ross is u urry meti-culous guy;
and Ross and I, with most input from Ross, wrote the protocol for
doing a controlled clinical trial of corticosteroids in prrti.- infants.
That protocot I might say.has been cited as one of the earliest and best
controlled trial protocols. "o

It appears that serendipity also prayed a role in Howie's involvement:

At the outset, it might be worth reminding others thar the project was
only a sideline of the main work of both Mont Liggins on the one
hand and myself on the other. Mont has his -u.[ more widery-
ranging research into reproductive endocrinology for which he isjustly renowned. My own main interest was in health rather than
science, especially in helping develop newborn services in New
71aland, and I just happened to be around at the time. But I herped to
design the trial, supervised the collection of data and did all the work
in analysing them...I still remember the excitement I felt at my first
evidence of it, when he handed me the lungs of twin lambs for
pressure-volume studies. The lambs had been delivered very
early.'.one had been infused with glucocorticoids and the other not.
Lungs of the infused lamb were perfectly stable after inflation: pink,
fluffy and floated in water. ln total cc
remained sorid and river-like. und runk.llrtrast' 

the lungs of the other

It is interesting to note in the above abstract that the partnership of Liggins and Howie

involved collaboration in the laboratory and not just in the clinical Auckland Steroid

Triat.
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1.3.1.2 Trial protocol

Between December 1969 and February 1974 
^L|women 

expected to deliver between 24

and 36 weeks gestation at National Women's Hospital, Auckland, New Zealand, were

eligible for enrolment unless immediate delivery was indicated or the attending

obstetrician considered randomisation to be contraindicated. The exclusion criteria

resulted in very few women not being considered for randomisation. Women were

randomised to a combined intramuscular injection of 6 mg short-acting betamethasone

phosphate and 6 mg long-acting betamethasone acetate or an identical-appearing

placebo injection of 6 mg cortisone acetate with l/70th of the glucocorticoid potency

(trial l). The allocated treatment was repeated 24 hours later if delivery had not

occurred. After the first 717 women had enrolled, in October 1972, the dose of

betamethasone in the intervention group was doubled to 12 mg betamethasone

phosphate and l2 mg betamethasone acetate repeated 24 hours later if delivery had not

occurred (trial 2). If possible labour was arrested with tocolytics for 48 hours. Initially

intravenous ethanol was used as a tocolytic. ln June l97l intravenous salbutamol

became the tocolytic of choice. In those women in whom premature delivery was

planned, interventions occurred approxim ately 72 and 48 hours prior to anticipated

delivery. If premature rupture of membranes occurred women were given antibiotics.t

t20

Randomisation was generated via random number tables by the Chief Pharmacist who

held the randomisation key. The study drug was supplied in identical numbered
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ampoules. Staff enrolling or assessing participants were blind to study allocation.

Verbal consent was obtained from the participants.

Primary endpoints for the trial were neonatal RDS and perinatal death. RDS was

defined by both clinical and radiological criteria. Secondary outcomes included:

chorioamnionitis, fetal death, neonatal death, severity of RDS, birth weight, Apgar

scores, infection while in the NICU, hypoglycaemia, hyperbilirubinaemia, apnoea and

IVH diagnosed by autopsy.

A total of 1,142 women were enrolled, 560 received betamethasone and 582 received

placebo. The women delivered 1,218 babies, 601 betamethasone-exposed and 617

placebo-exposed. By 28 days of age there were 988 neonatal survivors, 4g3

betamethasone-exposed and 495 placebo-exposed.

1.3.1.3 Key findings

The findings that are mentioned below are those that have previously been published. A

complete analysis of the trial data was never published. The Auckland Steroid Trial

paper that is widely quoted is the original 1972 manuscript published in Pediatrics, yet

this only reports the results for 287 women and their infants.l Subsequent reports

focused on particular clinical subgroups,t2o t2t the largest of which comprised

approximately three quarters of women participants and was terned those with
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"unplanned premature labour." A conference paper in 1977 reported the outcome for

1068 women and their infants.r2o

Results from the Auckland Steroid Trial showed that antenatal treatment with

betamethasone significantly reduced the risk of later RDS and perinatal death. The

effect occurred predominantly in those delivered between one and seven days after

treatment. Treatment was effective in infants who were born at <34 weeks gestation. In

addition, IVH was significantly reduced in betamethasone-exposed infants. There was

no difference in the incidence of chorioamnionitis, puerperal sepsis, problems in

lactation, Apgar scores, infection while in the NICU, hypoglycaemia,

hyperbilirubinaemia or apnoea between the treatment groups.l2o

However fetal deaths were significantly increased in the subgroup of women treated

with betamethasone who had hypertension syndromes, although there was no difference

in perinatal deaths and RDS was significant reduced in betamethasone-exposed infants.

Additional analysis revealed that, by chance, the women treated with betamethasone

had more severe toxaemia and earlier onset disease. Furthermore, obstetric practice had

changed in the subsequent years and women suffering from such severe disease would

no longer be managed as conservatively as had occurred during the time of the

Auckland Steroid Trial. r22
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1.3.1.4 World Health Organisation Foilow-up $tudy

The first 318 neonatal survivors (born between December 1969 and April 1972) from

the women who had participated in the Auckland Steroid Trial and presented with

unplanned premature labour were followed at fourae and sixsl years of age as part of the

WHO Follow-up Study. This follow-up excluded the babies born following planned

premature delivery, severe maternal hypertension-oedema-proteinuria slmdrome or

those with major fetal abnormalities (defined by the aurhors at the time). Children were

assessed by Psychologists for neurodevelopmental outcome and by a Paediatrician for

physical outcome. Verbal or written consent was obtained at the time of the follow-up.

Outcomes included: death, weight, height, head circumference, lung function, blood

pressure, cognitive function, visual perception, social maturity, speech and language

development, school progress and motor developmenr.4e-sr t22

There was no difference in rates of death between the two treatment groups at four and

six years of age. Two hundred and sixty one (86Vo) of the 305 survivors at four years

were seen at least once. There was no overall difference in cognition between the two

treatment groups. However betamethasone-exposed children had lower scores on the

Raven's Progressive Matrices Test (a test of non-verbal reasoning) and two of the

visual sub-sets of the Illinois Test of Psycholingustic Abilities at age six. These

differences were thought to be clinically unimportant and possibly tJrpe one erors.
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There were no differences between the two treatment groups in anthropometric

measures, lung function, school progress and neurodevelopmental outcomes.4e-5r r22

1'3-1.5 Unresolved questions from the Aucktand Steroid Trial and World
Health Organisation Fottow-up Study data

The Auck-land Steroid Trial data was never analysed completely by current intention-to-

treat methods. Previous analysis by the Liggins and Howie excluded congenital

anomalies and tended to focus on those women with "unplanned premature labour."

Data on birth weight, treatment-to-delivery interval and the effect of antenatal

betamethasone by the clinically more relevant subgroup of gestational age ar

randomisation, rather than gestational age at delivery, have not been published. Data on

blood pressure at age six collected as part of rhe wHO Follow-up Study had also not

been published. These deficiencies will be addressed as part of the analyses conducted

for chapters 3 and 4 of this thesis.

1.3-2 Further randomised controlled trials, subsequent reviews and
current clinical practice

Following the Auckland Steroid Trial a number of other RCTs were undertaken in both

the 1970s123-l28and the l980s.l2e-134 The first non-systematic review of antenatal

glucocorticoids was published in 1981.135 With improvements in technology and

statistical methodology the first meta-analysis of the use of antenatal glucocorticoids as

part of a systematic review was published in 1989.t36 These reports confirmed that
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antenatal glucocorticoids significantly reduce neonatal death, RDS and IVH, with little

adverse short or long-term consequences to either the woman or her infant. The logo of

The Cochrane Collaboration illustrates the results of this first systematic review [Figure

l.4l- The diagram summaries the forest plot for neonatal death from RCTs conducted in

the decade following the 1972 publication of the Auckland Steroid Trial, which is

represented by the top horizontal line. A key theme behind the logo is that this first

systematic review of antenatal glucocorticoids was published in 1989, but had the

combined evidence been available earlier in a readily accessible form, tens of thousands

of preterm infants would probably not have suffered and died unnecessarily. The

Cochrane Collaboration uses the logo as an example of the human costs resulting from

failure to perform systematic, up-to-date reviews of RCTs of health care

(http://www.cochrane.o r gllo got).

Figure 1.4: Logo of The Cochrane Collaboration.

THE GOCHRANE
COLLABORATION@
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The most recent Cochrane systematic review of antenatal glucocorticoid use, prior to

the review undertaken for this thesis [Chapter 3], was last substantially updated in

January 1996.2 The 1996 review concluded that a policy of administering

glucocorticoids to women who are expected to deliver preterm can be expected to

achieve substantial reductions in neonatal morbidity and mortality. Furthennore, no

adverse consequences of such a policy were identified. These conclusions are echoed in

a number of statements from international bodies including The Royal College of

obstetrics and Gynaecology, United Kingdom,r3T and the National Institutes of Health,

United States of America.3 The National lnstitutes of Health Consensus Starement

concluded that:

Antenatal corticosteroid treatment is indicated for women at risk of
premature delivery with few exceptions and will result in a substantial
decrease in neonatal morbidity and mortality as well as substantial
savings in health care costs. The use of antenatal corticosteroids for
fetal maturation is a rare example of a technology that yields
substantial savings in addition to improving health. 3

Prior to the 1980s antenatal glucocorticoids were not widely used in countries outside

Australia and New Znaland. In the 1980s and 1990s, with publication of the above

reviews and the 1994 National Institutes of Health Consensus Statement, knowledge

and use of antenatal glucocorticoids improved. In the United States of America

published reports of antenatal glucocorticoid use increased from \Vo in 1985 to 75Vo in

2000.138 Each year approximately 100,000 infants in the United States of Americae 138

and roughly 1,000 in New Tsaland are exposed to antenatal glucocorticoid treatment.
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Antenatal glucocorticoid treatment for the prevention of neonatal RDS is also a

recommended intervention in low-income countries where the majority of global

neonatal mortality occurs.tl Antenatal glucocorticoids have been recommended as one

of 16 interventions aimed at reducing global neonatal mofiality in order to meet the

United Nations Millennium Development Goal of reducing global child mortality by

two thirds in those aged <5 by the year 2015.'3n Giuing antenatal glucocorticoids in

5ovo of cases of preterm labour is estimated to cost 100 million international dollars (an

international dollar has the same purchasing power as a US dollar in rhe United States

of America), this would result in 1.3 million averted disability-adjusted life years per

year of intervention. | 3e

1.3.2-1 unresolved questions from the lgg6 systematic review

Since the last substantive update of the systematic review of antenatal glucocorticoid

use for the Cochrane Collaboration2 there have been further RCTs.l4l4 In addition,

new data are available on preterm rupture of membranesl2l and outcomes from infants

undelivered >7 days after treatment.las Furthermore, there exist a number of

methodological problems with the 1996 review:

' OnlY one reviewer conducted the review. This resulted in a number of mistakes

in data extraction.

o Denominators for the main neonatal outcomes of death and RDS included fetal

deaths.
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The Cochrane Collaboration has subsequently published new guidelines for

inclusion and exclusion of studies.16

The results of the meta-analyses are given as odds ratios rather than the more

conventional relative risk (RR). | 6

' The Cochrane Collaboration has subsequently published a review of repeated

doses of antenatal glucocorticoids and an opportunity existed to standardise

these two reviews.laT

Due to these issues a new systematic review was conducted for the Cochrane

Collaboration as pafl of this thesis [Chapter 3]. It is hoped that this new review will also

be able to address a number of outstanding issues regarding the use of antenatal

glucocorticoids, namely: the risks and benefits of antenatal glucocorticoids in the

current era of neonatal practice, in women with premature rupture of membranes, in

women with hypertension syndromes, in multiple pregnancies and the long+erm effects

of antenatal glucocorticoids on the exposed infants.

1.3.3 Pathophysiology of antenatal glucocorticoids

During pregnancy the placenta acts as both a transporter of nutrients and waste, as well

as a barrier, between the fetal and maternal circulations. This second function of the

placenta is particularly relevant for the endogenous glucocorticoid, cortisot, the end

product of the HPA axis. The circulating levels of cortisol in the maternal circulation

are considerably higher throughout pregnancy than in the fetal circulation. It is only

with the approach of parturition that the fetus triggers a rise in its own cortisol levels,
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which subsequently leads to the onset of labour.la8-rso This surge in fetal HpA activity

is seen in most mammalian species and results in maturation of a number of fetal tissues

for ex-utero life, including the brain and lung.llT 148-152

The placental enzyme ll Beta-hydroxysteroid dehydrogenase type tr (llp-HsD2)

metabolises maternal cortisol into inactive cortisone and thus contributes to the barrier

between the fetal and maternal HPA axes.'t3 However the synthetic glucocorticoids,

betamethasone and dexamethasone, are poor substrates for I lp-HSD2 and pass easily

from the maternal to the fetal circulation.ls3 These maternally administrated synthetic

glucocorticoids bind predominately to glucocorticoid receptors in a number of fetal

tissues, including the lung, brain and liver.r5a Within the brain glucocorticoid receptors

are widely distributed in the hypothalamus and the cerebral cortex. In contrast to the

synthetic glucocorticoids, cortisol also activates mineralocorticoid receptors, which are

confined to the limbic system, including the hypothalamus.l5a

Glucocorticoid receptors are present in the lung from as early as the first trimester.l55l$

Activation of glucocorticoid receptors leads to stimulation of surfactant production,

Iung growth and structure, pulmonary growth factors, inflammatory mediators and

regulation of pulmonary fluid reabsorption.23 ls3
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1.3.4 Long-term effects of antenatal glucocorticoids

1.3.4.1 Animal evidence

The ability of the early environment to modify later HPA axis function was noted

nearly 50 years ago in rats.ls7 Over the last decade, following on from the

epidemiological findings associating small birth size with later disease risk,a therc has

been an upsurge in scientific studies of the long-term effects of perinatal events,

including antenatal glucocorticoids, in animal models. Numerous animal paradigms

have been utilised to study antenatal glucocorticoids. Unfortunately most do not involve

doses of glucocorticoids that are directly comparable with those used in women for the

prevention of RDS. Between species differences also make the findings of the animal

work difficult to interpret. Furthermore, most of the animal models involve inbred and

uninfected animals that are not in preterm labour. In contrast, when antenatal

glucocorticoids are used in women there is either spontaneous preterm labour or a

maternal or fetal complication that requires preterrn delivery. However the

overwhelming weight of the combined animal evidence and the important mechanisms

they reveal strongly indicates the possibility of long-term effects of antenatal

glucocorticoids in man.

The complexity of interpreting results from differenr animal models is highlighted in

Table l.l. Alveolarisation of the lung occurs at different time points across the five

species listed. In the sheep and man this occurs antenatally, while in the rat and the

37



mouse it occurs predominantly postnatally. These differences in the timing of tissue

maturation amongst species occur for nearly all organ systems, thus creating difficulty

in generalising results from animal studies to man. Furthermore the increase in body

weight per day at SOVo gestation varies considerably from ZVo in man to nearly IOOVo in

the mouse. Thus a single dose of antenatal betamethasone is likely to have a far greater

effect on growth in the mouse than in man.'58 With the short gestational length of

rodents this single dose may also be equivalent to prolonged or repeated dosing in man.

Table l.l: Comparison of timing of initiation of alveolarisation and weight gain for

different species.

Species

Man

Sheep

Rabbit
Rat

Mouse

150

3l
2l
l8

Gestation length Age at initiation of
(days) alveolarisation

265 807o gestation

Increase in fetal body
weight/day aJ8OVo

gestation (7o)

2

4

57

65

97

75Vo gestation

Term
3 days postnatal

4 days postnatal

Data from Jobe AH. Clinical Obstetrics and Gynecology 2ffi}36:174-89.

1.3.4.1.1 Growth

It is well established in a number of animal species (rodent, rabbit and sheep) that

antenatal glucocorticoid exposure can result in decreased fetal growth and subsequent

low birth weight.l5e-lu3 Mos et alhave demonstrated that subsequent postnatal growth

to 3.5 years of age in sheep treated with antenatal glucocorticoids is related to birth

weight but not to :rntenatal glucocorticoid ueatment. However the authors reported a
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reduction in brain weight of

betamethasone.'&

l3%o following a single course of maternal antenatal

1.3.4.1.2 Cardiovascular and endocrine

In sheep a single course of antenatal dexamethasone in the first month of pregnancy

results in increased blood pressure in the adult offsp.ing.tut However this has not been

shown in adult animals who were exposed to a single course of antenatal betamethasone

in the third trimester of pregnancy.'* In rats antenatal dexamethasone throughout

pregnancy also results in hypertension in the adult offspring.s

Long-term effects on glucose and insulin metabolism have also been reported following

antenatal glucocorticoids. Sloboda et al reported that adult sheep who had been exposed

to a single course of antenatal betamethasone in the third trimester of pregnancy had a

higher fasting insulin/glucose ratio at six months, and one and three, but not two years

of age when compared to controls.l66 16? Following a fasting intravenous glucose

challenge betamethasone-exposed adult sheep tended to have a higher insulin response

at age six months, onel67 and two years, but not at three years.t66 However at age three

hepatic glucose-6-phosphatase activity (a rate-limiting enzyme in glycogenolysis and

gluconeogenesis) was raised in the betamethasone-exposed animals.16 Thus it appears

that in sheep antenatal glucocorticoids alter later glucose and insulin metabolism,

although the changes appear to evolve with time. Adult rats exposed in utero to third

trimester dexamethasone have also displayed poor fetal growth, glucose intolerance and
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insulin insensitivity in adult life.168 The adult rats exposed to antenatal dexamethasone

had increased hepatic glucocorticoid receptor numbers and hepatic activity of the

enzyme phosphoenopyruvate carboxykinase (PEPCK).'68 PEPCK is the main rate-

limiting enzyme in gluconeogenesis, thus an increase in hepatic pEpCK may increase

hepatic glucose production resulting in the observed glucose intolerance. [n contrast to

the rat findings, the above sheep studies did not find an increase in hepatic

gfucocorticoid receptor numbers at age three years.l6

Antenatal glucocorticoids also alter later HPA axis function. In the rat, dexamethasone

given in the third trimester results in raised plasma cortisol levels in the adult

offspring.l6e-l7l The treatment also results in decreased glucocorticoid and

mineralocorticoid receptor numbers in the hippocampus,l6e t70 the structure of the brain

with the highest density of corticosteroid binding sites and an important site of negative

feedback on the HPA axis.l?z Prolonged maternal stress in rats and thus prolonged

exposure to endogenous glucocorticoids has also been shown to similarly alter the HpA

axis of offspring.lT3 174 In the sheep, a single course of betamethasone in the third

trimester increases the cortisol response to a corticotrophin-releasing hormone

stimulation test of the HPA axis of the offspring at one year, but not six months of

age.'75 However follow-up later in life using the same experimental design is associated

with adrenal suppression.l53In monkeys, a single course of high dose dexamethasone in

the third trimester increases both basal and stress cortisol levels in the offspring at nine

months of age.l76
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Antenatal glucocorticoids have also been reported to have longterm effects on bone

mass' Antenatal exposure to dexamethasone in rats has also been shown to reduce later

cortical bone thickness in female but not male adult offspring.lTT

1.3.4.1.3 Respiratory

In a number of animal studies, exposure to antenatal glucocorticoids has resulted in

reduced alveolarisation in preterm animals.lss t78 However in sheep, exposure to

betamethasone in the third trimester is not associated with changes in term lung

function in the first four weeks of life.l?e There are few long{erm studies of lung

function following antenatal exposure to glucocorticoids in experimental animals.

1.3.4.1.4 Neurol ogical

As previously noted antenatal betamethasone has been associated with decreased brain

growth in adult sheep who had been exposed in utero.ls This effect is not present at

birth, although sheep exposed to antenatal betamethasone have reduced cerebral length

and depth at this time.r8o In the study by Uno et al reporting changes in postnatat HPA

axis in monkeys exposed in utero to high dose dexamethasone the authors found no

difference in brain volume on magnetic resonance imaging at 20 months, although there

was a 3ovo reduction in size and segmental volumes of the hippocampu..tt6
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Antenatal dexamethasone also alters adult behaviour, although the find.ings have been

inconsistent. In the rat, exposure to dexamethasone in the third trimester has been

reported to be associated with reduced adult exploratory behaviour in an open field and

in a confined maze, as well as impaired behavioural responses and learning in a forced-

swim test.l?o However another study of similar dexamethasone exposure in the third

trimester reported increased ambulation in the adult rat offspring who completed an

open field test.lTl

1.3.4.2 Ohseruational evidence in man

Doyle et alhave reported on two non-randomised cohorts of VLBW survivors at age 14

from Victoria, Australia. Approximately half of the adolescent survivors had been

exposed to antenatal glucocorticoids. The authors found that glucocorticoid-exposed

adolescents were taller,ttt had higher mean systolic and diastolic blood pressurels2 and

better cognitive'functioning,lsl although antenatal glucocorticoid exposure was not

associated with a difference in later lung function or sensorineural outcomes.lsl

A systematic review of the evidence of the long-term effects of antenatal

glucocorticoids from RCTs is presented in chapter 3 of this thesis.
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1.3.5 Repeated doses of antenatal gtucocorticoids

Consistent with the initial report from the Auckland Steroid Triall a single course of

antenatal glucocorticoids has not been shown to be of benefit in infants born more than

seven days after treatment.2 Thus it was assumed that further courses of antenatal

glucocorticoids may provide additional benefit and a policy of administration of repeat

dose(s), often weekly, became relatively widespread in clinical practice during the

1990s' Surveys from the late 1990s report very high use (>857o of responders) of

repeated dose(s) of antenatal glucocorticoids amongst Australianrs3 and British

Obstetricians.lso Similarly, in the United States of America during the same period, a

RCT of TRH for preterm birth reported incidentally that 45Vo of women received more

than one course of antenatal glucocorticoids, with some receiving up to l3 doses.tss

Animal studies have suggested that repeated dose(s) of antenatal glucocorticoids are

associated with improvements in lung function,l5 s t62 ts6 tszincluding 
RDS. te3 However,

in monkeys, sheep, rabbits and mice this benefit in lung function was associated with

decreased growth.lse 162 186 188 tel te4-re7 Fufihermore, studies in animals have also

demonstrated detrimental effects on neuronal myelination and maturation,les-

'odecreased neuron numbers,20l decreased brain weight,t6a tao 188 altered HpA axis

function,r622o2 increased later blood pressure (although only in the first year of life in

sheep models)r67 and increased later hepatic glucose-6-phosphatase (a rate-Iimiting

enzyme in glycogenolysis and gluconeogenesis) with an altered response to a glucose

tolerance test.l6 203
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Observational studies in man have shown inconsistent evidence of respiratory benefit

with repeat dose(s) of antenatal glucocorticoids compared to a single course. A cohort

of 477 infants from Australia2u and a cohort of 710 infants from the United States of

Americatss both reported no additional benef,rt in respiratory outcomes with repeat

dose(s) of antenatal glucocorticoids compared to a single course. However in a further

cohort of 713 infants from the United States of America repeat dose(s) of antenatal

glucocorticoids were associated with a decreased incidence in RDS, as well as patent

ductus arteriosus.2os Observational studies have also suggested harmful effects,

including: decreased birth weight,2s decreased head circumferencen2* 20s prolonged

HPA-axis suppression,lss greater neonatal mortalityls5 and increased maternal

infection-2Os Non-randomised cohort studies of long-term neurodevelopment have also

been conflicting. Some authors have suggested long-term developmental delay in

VLBW infants exposed to repeat dose(s),26 whilst others have found no difference in

long-term neurodevelopmental outcome.2e Another study suggested that repeated

dose(s) of antenatal glucocorticoids are protective against later cerebral palsy in

childhood, although the authors also reported. that repeated dose(s) may possibly be

associated with hyperactivity and abnormal behaviour.2o7

A systematic review of the three RCTs of repeat dose(s) of antenatal glucocorticoids

reported that the glucocorticoid-exposed infants had less severe lung disease. However

there was no difference between groups for any other measure of neonatal respiratory

morbidity (including RDS), mortality, SGA, IVH or marernal infectious morbidity. The

authors concluded that repeat dose(s) might reduce the severity of neonatal lung

disease. However the authors stated that therc is currently insufficient evidence on the
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benefits and risks to recommend repeat dose(s) of antenatal glucocorticoids for women

at risk of preterm birth.laT Further trials are currently underway and it would be

pertinent to await the findings of these trials, including long-term follow-up past the

neonatal period, before further recommendations on the use of repeated dose(s) of

antenatal glucocorticoids can be made. This conclusion is supported by the National

Institutes of Health 2000 Consensus Statement on repeated dose(s).208

1.3.6 Gongenital adrenal hyperplasia

Antenatal glucocorticoids have also been administered daily to women at risk of

carrying a female infant with congenital adrenal hyperplasia (cAH).z@ 210 cAH is a

family of conditions whose cornmon feature is reduced activity of the enzymes required

for cortisol synthesis in the adrenal cortex. The most cofilmon form is the autosomal

recessive 2l-hydroxylase deficiency, comprising >9OVo of all cases of CAH. The

incidence of 2l-hydroxylase deficiency is approximately l:12,000 to l:15,000 births.2D

The clinical signs and symptoms of 2l-hydroxylase deficiency are due to the

overproduction and accumulation of cortisol precursors proximal to the blocked

enzymatic step. These precursors result in increase fetal .testosterone production.

Testosterone is responsible for the male sexual differentiation that starts at

approximately six weeks of gestation, with formation of the penis complete at

approximately 14 weeks.2rlln a female fetus with 2l-hydroxylase deficiency the

resulting increase in testosterone results in virilisation of the genitalia or ambiguous
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genitalia. This abnormal genital anatomy can have long-term psychological and

physical effects on later reproduction, despite reconstructive surgery .2t22t3 However if a

female fetus with 2l-hydroxylase deficiency is exposed to antenatal glucocorticoids

from before six weeks gestation the negative feedback of the synthetic glucocorticoids

on the fetal HPA axis results in normal genitalia, presumably secondary to lower

testosterone levels.2@ 21o 2r4 h order to achieve this outcome antenatal glucocorticoids

need to be offered to a women if she and her partner have previously had a child with

2l-hydroxylase deficiency, although there is only a one in eight chance of the fetus

being a female with 2l-hydroxylase deficiency in such a pregnancy. Chorionic villous

sampling or amniocentesis is usually performed to confirm the diagnosis, and to avoid

prolonged exposure in fetuses not at risk of viralisation .2w2to

Two observational studies of infants exposed to antenatal glucocorticoids early in

pregnancy for CAH have reported long-term findings. Trautman et al questioned

mothers of 26 children aged six months to five years who had been exposed antenatally

to glucocorticoids because of risk for CAH. The authors found no significant

differences in cognitive abilities or behaviour problems. However mothers of

glucocorticoid-exposed infants reported some differences on temperament scales, with

their children being shyer, less sociable and displaying greater emotionality than

controls.2ls Lajic et a/ examined 44 children aged one to five who had been exposed

antenatally to glucocorticoids because of risk for CAH. Antenatal glucocorticoids had

no effect on fetal or postnatal growth. However failure to thrive and

neurodevelopmental delay was reported amongst children who had been exposed

antenatally to glucocorticoids.2l 6

46



1.3.7 Postnatal glucocorticoids

Glucocorticoids have also been used after birth in the perinatal period. This use of

postnatal glucocorticoids has mainly been confined to treatment of or prophylaxis

against ventilator dependant CLD. In comparison to the antenatal use of

glucocorticoids, infants treated with glucocorticoids after birth receive considerably

larger doses over a prolonged period of time. Postnatal glucocorticoids can facilitate

early extubation and decrease the risk of CLD. However there are substantial short-term

adverse effects including: gastrointestinal bleeding, intestinal perforation,

hyperglycaemia, hypertension, hypertrophic cardiomyopathy and growth failure. In the

long-term, adverse effects include increased risk of abnormal neurologieal exam and

cerebral palsy. However there is uncertainty regarding the long-term risks as a number

of the fong-term follow-up studies suffer from bias and poor methodolo Ey.2r1-2re A well

designed detailed follow-up study of 146 school aged children from a RCT in China has

reported that glucocorticoid-exposed children were shorter, had a smaller head

circumference, had poorer motor skills and had significantly lower IQ scores when

compared to controls.22o With such concerns regarding potential long+erm risk

postnatal glucocorticoids are not routinely recommended and it is suggested that their

use is confined to well designed RCTs or as a trial treatment in severe cases of

ventilator dependant CLD.2t8 2te 221
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1,4 Developmental origins of adult disease

1.4.1 Evolution of a hypothesis

As early as the 1930s the environment of the child was postulated to have a role in the

health of the adult when Kermack et al noted the death rates for specific age groups in

the United Kingdom and Sweden related more to the date of birth of individuals than to

the year of birth.222 lnterest in this concept was rejuvenated by the findings by Barker

and Osmond that standardised mortality ratios for coronary heart disease in England

and Wales from 1968 to 78 were geographically closely related to infant mortality rates

from l90l to l9l0-223 Barker and colleagues proceeded to investigate three cohorts, in

Hertfordshire, Sheffield and Preston, where detailed birth records were available.a In

Hertfordshire an almost complete set of unique records existed from lgll to 1945

recording birth weight and weight at one year for all babies born in the county. The

authors used a national registry to subsequently trace 15,726 of the men and women and

reported that the risk of death from coronary heart disease was doubled in those

individuals born with a weight <5.51b(2.5kg) compared to those born with a weight of

>9:5lb(4.0kg). This result was graded across the birth weight r^ng..zzo Subsequently a

large amount of epidemiological evidence has demonstrated that small body size at

birth and infancy is associated with increased incidence of chronic diseases in

adulthood, particularly coronary heart disease and its risk factors of hypertension,

diabetes and dyslipidaemia.a 25 [n addition, associations have also been demonstrated

between small size at birth and later cerebrovascular disease,226 chronic obstructive
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airways disease,227 osteoporosis,22s polycystic ovarian disease2ze and psychiatric

disorders.23o 231

Hales and Barker conceptualised the above findings into the concept of the "thrifty

phenotype hypothesis.nz3? 1n doing so they made use of an earlier concept of

"programming" proposed by Lucas.233 Programming describes the process whereby a

stimulus or insult, at a sensitive or critical period of development, has lasting or lifelong

consequence. In order for programming to occur there needs to be some

"developmental plasticity." Developmental plasticity is the phenomenon whereby a

given genotype results in a range of phenotypes in response to different environmental

conditions at various periods of fetal or early postnatal life. During this time, often

referred to as a "developmental window," the organism is thought to be relatively

malleable to external stimuli. However as the organism matures the effect of the

stimulus is significantly reduced or is no longer present. In essence the nutritional,

metabolic, and physical environment of the womb irreversibly alter the structure and

physiology of the offspring. The long-term effects of antenatal glucocorticoids detailed

in section 1.3.4.t of this thesis are an example of fetal programming. Hales and Barker

postulated that a malnourished fetus, for example due to placental dysfunction or

maternal undernutrition, makes adaptations to its diminished environment to maximise

its survival into postnatal life. The fetus will alter growth rates of individual organ

systems preferentially favouring the central nervous system at the expense of aMominal

organs and peripheral muscle, often referred to as disproportionate intra-uterine growth

restriction. Additionally, the metabolic set points of the fetus are programmed to

maximise chances of survival in a similar nutritionally deprived postnatal environment.
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However these adaptations are detrimental to the adult survival of the offspring if it is

born into an environment of adequate nutrition and becomes relatively obese.232 This

hypothesis helps explain the discrepancy in the prevalence of type 2 diabetes between

sub-Saharan Africa (e.g. poor fetal and postnatal nutrition) and western countries (e.g.

poor fetal nutrition secondary to placental dysfunction followed by over-nutrition).

The field became known by the narne "fetal origins of adult disease." However birth,

despite its complexities, is an environmental transition. There is no reason why

developmental plasticity should stop with the end of the fetal environment. For

example, as discussed previously, in the human lung development of alveolar numbers

continues up to the age of two years. Consequentially, the postnatal environment of the

infant and the child has also been demonstrated to play a considerable role in later

disease risk. Eriksson et al reported the interaction between birth weight and detailed

measures of childhood growth in a cohort of 4,630 men born in Helsinki during 1934 to

1944- Those with the highest risk of later coronary heart disease were born small

(indicated by a low ponderal index (birth weight/length')) -a had a higher body mass

index (BMI) at age I l. Those who were born small and stayed small or born large and

stayed large had a low risk of coronary heart disease [Figure l.sJ.t* This recognition

that the postnatal environment and not just the fetal environment has long-term

consequences has lead to the more recent name of "developmental origins of adult

disease" for this field of study.

Gluckman and Hanson have further refined the conceptual framework proposed by

Hales and Barker, by proposing the biological concept of a "predictive adaptive
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response."23s 236 While the previous concept was based on the premise that the

developmental adaptation to the environment was for immediate survival, Gluckman

and Hanson propose that "predictive adaptive responses" are made by the developing,

plastic organism, for an adaptive advantage in the environment it predicts to be faced

with as an adult. They suggest that the risk of later disease then occurs when there is a

mismatch between the environment predicted during the plastic (development) phase

and the actual post-plastic (mature) phase environment [Figure l.61.zts'zst

Figure 1.5: Hazard ratios for coronary heart disease according to ponderal index at birth

and body mass index at age l1 years in a cohort of 4,630 boys born in Helsinki.

30 32
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Adapted from Eriksson JG, et al. BMJ 2Nl;322:949-53. Anows indicate average values; lines
join points with the same hazard ratios.
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A frequently employed example of such a predictive adaptive response with no

immediate benefit is that of the coat thickness of the meadow vole.236 Offspring born in

autumn have thicker coats than those born in spring, despite the temperature during

gestation and at birth being very similar in spring and autumn pregnancies. It is the

altered day length during the pregnancies that determines the resulting offspring's coat

thickness.a8 Obviously there is a considerable long-term benefit to the autumn born

offspring in having thicker coats. The fetal vole is responding to information from its

mother concerning change in day length to "predict" the appropriate coat thickness for

its later adolescent and adult life.236

The model of "predictive adaptive response" proposed by Gluckman and Hanson is also

useful in prioritising public health strategies. In those populations where the rn utero

environment is on the whole adequate, strategies targeting postnatal nutrition (diet and

exercise) are likely to have a greater impact on disease. However where maternal health

and nutrition are compromised, greater health gains may be achieved by focusing on

maternal, fetal and child health.237
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Figure 1.6: Model of predictive adaptive response.
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Adapted from Gluckman PD, et al. Pediatric Research 2O04:56:31l-7. The horizontal axis
represents the postnatal environrnent that is anticipated by the fetus from its current
environment. The vertical axis represents the actual environment experienced during adult life.
The range between the two curves represents the limits of the postnatal environment for which
the fetus has set its physiological settings by the process ofpredictive adaptive responses. Ifthe
actual postnatal environment experienced matches this range then the risk of disease is low. If
there is a mismatch, and the actual postnatal environment is outside that which is predicted then
the risk of disease is increased. The dashed vertical line represents an optimally growing fetus,
with the dashed horizontal line representing the upper limit of subsequent postnatal nutrition
prior to increased disease risk. If that same fetus were exposed to suboptim al in utero nutrition
(for example, due to poor placental supply) there would be a downward shift in physiological
setting. Thus the resulting upper limit of postnatal nutrition prior to disease risk is lowered
indicating an increased risk of disease at a nutritional limit that would have been satisfactory if
fetal nutrition had been optimal.

1.4.2 Experimental manipulation

In parallel with the epidemiological studies linking small size at birth with later disease

risk, attention has focused on animal studies to help explain the underlying

mechanisms, which are yet to be fully determined.23e However experimental
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manipulation of numerous animal species has resulted in a number of examples of the

phenotype observed in the epidemiological studies-24 Typically, this programming of

animals has been induced by periconception and antenatal undernutrition (e.g. by

maternal low total calorie or low protein diet), by unbalanced nutrition (e.g. by maternal

high fat diet), by impairing placental supply to the fetus and by maternal exposure to

antenatal glucocorticoids.23e

The programming effect of antenatal glucocorticoids was first proposed by Seckl and

colleagues in an elegant series of experiments [Table 1.2]. Benediktsson et al initially

reported that in the rat decreased placental activity of 11p-HSD (responsible for

separation of the low cortisol fetal circulation from relative high cortisol maternal

circulation - section 1.3.3) was associated with low birth weight. They proposed that an

excess transfer of endogenous maternal glucocorticoids to the fetus, as a result of the

low I lp-HSD activity, was responsible for the low birth weight. They also showed that

rat dams treated throughout pregnancy with dexamethasone had pups with lower birth

weight and increased adult systolic blood pressure compared to controls.s Seckl and

colleagues frrrther observed that rat dams who had been administered a potent inhibitor

of llp-HSD during pregnancy subsequently had pups with the same phenotype.

Furthermore, these adult offspring also showed increased fasting plasma glucose

concentrations and insulin resistance. Finally the group exposed pregnant rat dams that

had been adrenalectomised to the inhibitor of l lp-HSD. The offspring of these animals

were not different from controls. This collection of experiments suggests that exposure

of a fetus to excess maternal glucocorticoids reduces binh weight and proglammes

subsequent disease risk.2al The alteration of glucocorticoid receptor numbers and
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mRNA in various parts of the brain, particularly the hippocampus and the hypothalamic

periventricular nuclei, as previously discussed in section L3.4.1 is thought to be the one

of the key mechanisms by which excess glucocorticoids act.l6e 170

Table I '2: Effect of excess antenatal glucocorticoids in initial experiments on rat dams.

Antenatal treatment of rat dams Effects on offspring
SBP GlucoseDexamethasone 11$-HSD Adrenals BW

+ Normal Present
Inhibited Present
Inhibited Removed

Adapted from Benediktsson R, et al. Lancet 1993:341-33941 and Lindsay RS, et al
Diabetologia 1996;39:1299-305. l lB-HSD=l I Beta hydroxysteroid dehydrogenase, BW=Birth
weight, SBP=Systolic btood pressure, +=given, -=not given, J=decreased comparcd with
controls, T=increased compared with controls, -+=no change compared with controls.

Maternal undernutrition is the other main mechanism by which fetal programming is

experimentally induced. It is possible that the phenotypic changes induced by

undernutrition share common pathways with those induced by antenatal

glucocorticoids.2a2 243 As with antenatal glucocorticoids, undernutrition has been shown

to result in changes in glucocorticoid receptor numbers and HPA axis functioning.24

Furthermore, maternal protein restriction of pregnant rat dams results in hypertensive

pups; an effect that is prevented by inhibition of maternal glucocorticoid synthesis.

Maternal protein restriction also results in significantly attenuated levels of I lp-

HSD.245
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1.4.3 Epidemiological evidence

|,4.3.1 A caveat

Huxley et al have recently reported a meta-analysis of the 55 studies reporting a

regression coefficient for the relationship between later systolic blood pressure and

birth weight. Each study was weighted according to the inverse of the variance of the

regression coefficient, a measure of the studies "statistical size." The authors reported a

clear trend (p=<0.0001) towards weaker associations in the larger studies:

l.gmmHg/kg in those with <1,000 participants, -l.smmHg/kg in those with 1,000 to

3,000 participants and -0.6mmHg/kg in those with >3,000 participants. The authors

concluded that this represented the probable impact of random error, along with

publication bias, and that birth weight is of little relevance to blood pressure in later

life. FurtherTnore, Huxley er a/ questioned the relevance and indeed the veracity of the

developmental origihs of adult disease hypothesis, as previous authors had utilised the

association between birth weight and later blood pressure as strong support for the

hypothesis.26 Huxley and colleagues repeated similar arguments for the association

between birth weight and later cholesterol levels.2aT

However this criticism fails to take account of several key conceptual issues. First, size

at birth, particularly birth weight, is a poor surrogate for fetal compromise or an adverse

fetal environment. It is the adverse fetal environment that is proposed in the causal

pathway to later adult disease. Low birth weight may be an endpoint of the same
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adverse fetal environment or it may not. There are examples of programming in both

animals and humans that result in later adverse phenotypic changes independent of birth

weight. In sheep a brief period of maternal undernutrition in late gestation results in

altered regulation of the HPA axis in adult life, this effect is largely independent of

birth weight.24 In man evidence from the Dutch Hunger Winter has been utilised as a

quasi-experiment of undernutrition during pregnancy. In November 1944 the Nazi

occupiers of the Netherlands imposed sudden severe rationing on a proportion of the

population in reprisal for resistance activity. Mean caloric intake was approximately

halved. The rationing was suddenly relieved with the rapid advance of the Allies in the

spring of 1945. Those exposed in utero to famine early in pregnancy were more obese

at age 50, despite having no difference in birth weight, compared with those not

exposed to famine.2ae Furthermore, the prevalence of later coronary heart disease was

higher in those exposed to early famine, again independent of birth weight.Io

Secondly, blood pressure is only. a surrogate end-point for the more relevant disease

state end-points of hypertension, coronary heart disease and cerebrovascular disease.

This is best illustrated by data from the Health Professionals Follow-up Study of 22,846

men in the United States of America. In the weighted meta-analysis there was a weak

relationship between birth weight and later systolic btood pressure.2o6 However lower

birth weight was strongly associated with later increased risk of hypertension and

diabetes.2sl
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Thirdly, a number of the larger studies (and thus the studies given more statistical

weight in the meta-analysis) are subject to recall bias. [n these studies the information

on birth weight was collected retrospectively from memory, with obvious limitations.sz

Finally, the meta-analysis also used the example of a lack of effect of birth weight on

later blood pressure in monozygotic twin pairs. However these studies fail to take

account of the fact that both twins are under maternal constraint and thus an adverse

fetal environment.236 Be lndeed twin children have been shown to have increased

insulin resistance, independent of birth weight, when compared to singletons.2s3

1.4.3.2 Long-term effects of low birth weight

Very few of the epidemiological studies conducted to date regarding the association

between low birth weight and later disease have adequately addressed the issue of

gestation. This is partly because most of the epidemiological studies are retrospective

(with little accurate data on gestational length), or the studies have been confined to

term cohorts, or those studies that do include ex-preterm infants include very few of

them. Furthermore, large cohorts of preterm infants have only been established in the

last two decades and very few of these have reported data past adolescence. Thus there

is a paucity of data to distinguish if the effects seen in an ex-appropriate for gestational

age infant born at 35 weeks and an ex-SGA infant born at 4l weeks are different in

adulthood, despite birth weight potentially being the same.
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Accepting the above limitations regarding the interpretation of birth weight as a proxy

for a compromised fetal environment, and the fact that the neonatal survivors of the

Auckland Steroid Trial are not yet at an age of peak cardiovascular disease risk,

reviewing the epidemiological studies of low birth weight indicates possible outcomes

of interest for a study of the long-term effects of antenatal glucocorticoids and preterm

birth in man.

1.4.3.2.1 Mortality

The initial findings by Barker and colleagues of increased risk of mortality from

coronary heart disease and low birth weight have been replicated by othen.a 2u 2*?s6

Furthermore, low birth weight has been shown to be associated with death from

cerebrovascular disease226 
255 

and chronic obstructive airways disease.2z7 These findings

have mainly come from populations in Finland and the united Kingdom.

1.4 3.2.2 Cardiovascular and endocrine

As previously mentioned the association berween low birth weight and later blood

pressure has been rigorously questioned.2o6 However strong associations have been

reported between low birth weight and the more relevant endpoints of hypertension,

coronary heart disease and cerebrovascular disease (particularly haemorrhagic

stroke)'22a 251 254-25E Postnatal growth has been shown to amplify the risk of later disease.

In the study by Eriksson et al of the interaction berween birth weight, childhood growth
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and later coronary heart disease, those who went on to develop coronary heart disease

were born small and were small at one year of age. However they had "caught-up" to

their peers by age 12 in BMI and weight [Figure 1.7].ao This phenomenon of "catch

up" growth is known as compensatory growth. Interestingly, those individuals who later

developed coronary heart disease remained shorter than their peers, an observation that

is consistent with the finding that coronary heart disease is associated with short adult

height.2se

Hales et al initially reported an association between low birth weight and later glucose

intolerance at age 64 in 468 men from Hertfordshire.2ffi Subsequently 48 studies have

been included in a systematic review of low birth weight and later glucose and insulin

metabolism. Thirteen of 16 reported an association between low birth weight and later

increased prevalence of type 2 diabetes. While it remained impossible to combine the

results of the 48 studies due to the various ways the glucose/insulin axis was measured

and reported, the findings of the review suggest people who were light at birth have an

adverse profile of later glucose and insulin metabolism.26l Evidence also exists of a

gene-environment interaction on later glucose/insulin axis function. A polymorphism in

PPAR-12, a regulatory gene involved in insulin sensitivity, determines the pres€nce or

absence of a relationship between birth weight and later insulin sensitivity [Table

1.3-!.'u'
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Figure 1.7: Growth of 357 boys who later developed coronary heart disease from a

cohort of 4,630 boys born in Helsinki.
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Adapted from Eriksson JG, et al. BMJ 20Ol;322:949-53. The figure demonstrates the standard
deviation (z) scores for measurernents obtained at birth and at regular intervals during the first
12 years of life. If an individual were to maintain his growth within the centiles of his birth
rEasurerEnts his growth contours would appear horizontal. Thus, those individuals who later
went on to develop coronary heart disease were born small and were snrall at one year of age.
However they had 'taught up" to their peers by 12 years of age in both body mass index and
weight.

Meta-analysis of 59 studies examining a relationship between birth weight and later

cholesterol concentrations has suggested that the influence of birth weight on later

cholesterol is minimal, -0.036mmoUl change per lkg increase in birth weight. The

authors also suggest that the size of the relationship between birth weight and later

triglyceride levels is similar.2aT
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Table L3: Mean fasting insulin concentration and insulin resistance index according to

PPAR-y2 gene polymorphism and birth weight in 476 men born in Helsinki.

Birth weight (kg) p value
<3.0 3.0 to 3.5 >3.5

Fasting insulin (pmoUl,)

Prol2Pro
Prol2Ala/AIal2Ala
p value for birth weight

HOMA-IR index
Prol2Pro
Prol2Ala/Alal2Na
p value for birth weight

84 (s6) 7l (l6l) 6s (107) 0.003

60 (37) 60 (67) 65 (48) 0.31

0.008 0.o2 0.99

21.6 17.9

t4.6 15.0

0.005 0.03

16.5 0.002

r5.2 0.47

0.47

Adapted from Eriksson JG, et al- Diabetes 20fl2;51:2321-4. Data in parenthesis=n, HOMA-
IR=homeostasis model assessment rneasure of insulin resistance. The Prol2Ala and Alal2Ala
genotypes are protective against tyry 2 diabetes. Thus the figure shows that the negative effect
of Prol2Pro genotype on insulin resistance and fasting insulin profiles was seen only at lower
birth weights. Prol2ho genotype and high birth weights have me:$ures of insulin resistance
and fasting insulin profiles comparable to those with the protective genotypes.

Low birth weight has been associated with changes in later HPA axis firnction. [n a

study of three different aged cohorts Phillips et aI found low birth weight to be

associated with increased fasting plasma cortisol concentrations. Furtherrnone, fasting

cortisol concentrations were correlated positively with subjects'current blood pressure,

particularly amongst obese subjects. These results were the first in man to suggest that

increased activity of the HPA axis may link low birth weight with later disease.263

Epidemiological studies have also demonstrated an association between low birth

weight and later low bone ,nuss,t*-"t although this has not been a consistent finding.2?2

273 smail size in infancy has also been associated with later low bone mass.26e 
274

Similarly, poor postnatal growth in late childhood and early adolescence has been

associated with increased risk of later hip fracture.2Ts Reports of the effects of birth and
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childhood size on later bone mass have mainly been confined to effects on later BMC

although associations with BMD have also been reported.2tr,-267 
26e Ho'weuer the

association seen between low birth weight and low bone mass is reduced after

adjustment for current size, suggesting that individuals born small have smaller bones

which are in proportion to their smaller adult si2e.24268 Bifth weight has not been

shown to be associated with later fracture risk in either childhood46 or adulthood.26e27s

1.4.3.2.3 Respiratory

Barker et al descibed an association between lower birth weight and lower forced

expiratory volume in one second (FEV1) at a mean age of 64 in 639 men."1 Following

this other cohorts have similarly found an association between low birth weight and

later decreased adult lung functi on.277-27e However the association between birth weight

and lung function in childhood has been inconsistent.E6 28o ttt In infancy the association

is abolished after adjustment for length,28z suggesting that, at least in infancy, it merely

reflects differences in somatic growth. Furthermore, rapid growth in early infancy and

being born small for gestational age have both been associated with impaired lung

function.282 283

Studies have also examined the relationship between birth weigbt and later asthma or

respiratory symptoms. In a large cohort study of 5,573 children in the United Kingdom

birth weight was not associated with later respiratory symptoms.t6 Birth cohort studies

conducted in New 7*aland, from a similar era to the Auckland Steroid Trial, have
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reported that asthma during adolescence is linked to a large birth length and head

circumference, with low birth weight linked to a reduced risk of later asthma.2s 285

Similarly, a reduced risk of later asthma with low birth weight has been reported in a

study of 690 adults aged 20 to 24 years from Norway.286 In contrast, a large cohort

study of 2O,312 seventeen year old male army recruits in the Israeli Army has reported

an increased incidence of later asthma with low birth weight.287 Other studies conducted

in the United Kingdom2Te 288 and the Netherlands2Ts have not found an association

between low birth weight and later asthma. It is likely that these contrasting results are

confounded by the global variation in asthma incidence that is partly attributed to

individual countries having different environmental triggers for asthma.zse

The relationship between birth size and plasma levels of IgE has also been examined to

provide possible direction to mechanistic studies of birth size and later asthma. Two

studies, one from New Zealand, did not find an association between low birth weight

and later IgE, although both found a positive association between head circumference at

birth and later IgE.28a 
288

1.4.3.2.4 Neurological and psychological

A positive association between birth weight and later IQ has been reported in

childhood,zwzez adolescenceze3 2e4 and adulthood.2es Studies of Danish and Israeli

military recruits have shown an association between low birth weight and subsequent

low IQ scores.te3 2e4 'Ihree longitudinal studies from the United Kingdom have
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investigated the relationship between birth weight and cognitive and educational

functioning in childhood and adulthood. Strauss followed 14,189 infans from a birth

cohort comparing periodic educational achievement in term SGA infants with those of

normal birth weight infants. He reported significant deficits in teacher perception of

academic achievement in the SGA infants throughout childhood but no difference in

overall self-reported years of education at age 26 years.z% Jefferies et al followed

10,845 infants periodically and demonstrated a significant trend of increasing cognitive

test scores during childhood and a higher academic achievement in adulthood as birth

weight increased.2es Both of the above studies reported educational status as a primary

outcome measure, although this is a poor surrogate for cognitive functioning. Richards

et aI reported formal cognitive test scores from a birth cohort at ages 8, I l, 15, 26, and

43. ln the three childhood measurements of cognitive function, as birth weight

increased so did the cognitive function scores. However by 26 years there was only an

association between those born <2kg and low cognitive function, and by middle age

there was no association between birth weight and cognitive function. Interestingly

birth weight was again found to be associated with educational attainment.zn Matyn et

c/ also found no association between birth weight and cognitive functioning in middle

age.2e8

Associations have also been described between low birth weight and later anxiety. In a

study of 150,000 male Swedish army conscripts who were assessed on leadership and

their to ability to cope with war-time stress, the authors report a positive association

between birth weight and desirable scores up to birth weights of 4.2kg. Above that

weight there was little effect. Thus those born small do not cope as well with simulated
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military stress and show decreased leadership potential.2en Cheung and colleagues

reported from two large United Kingdom population cohorts that birth weight, after

adjustment for gestational age, is inversely related to higher psychological distress

scores or malaise in adulthood.30o 301

The fetal environment is also known to influence later suicide and affective disorders.

Maternal stress,el 302 303 winter birth3s 305 and obstetric complicationse2 harre all been

associated with increased risk of developing an affective disorder or attempting suicide

in fater life. Barker et aI reported that death from suicide was associated with low

weight at one year, but was not associated with birth weight.23l

It has been well known for some decades that schizophrenia is a neurodevelopmental

disorder in which perinatal events may be antecedent in the later expression of the

disease in adulthood.36 winter birth.3O-s 
307-310 maternal stress3lt-3!4 aJld increased

obstetric complications3ls-3le are all associated with an increased incidence of later

schizophrenia. Evidence from the Dutch Hunger Winter has shown that those conceived

at the height of the famine, showed a twofold increase in the risk for later

schizophrenia,32O32l although the effect of maternal stress may confound this finding. A

number of case control studies and population cohorts have investigated the relationship

between birth weight and later onset of schizophreniae3. The interpretation of most of

these studies is limited due to small sample size and inconsistent analysis of preterm

birth and gestational age. A non-systematic and incomplete meta-analysis of 747

schizophrenia cases suggested that low birth weight was associated with an increased

risk of later schizophrenia.e3 The largest contributing study (n=312) was reported as
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showing a statistical association between low birth weight and later schizophrenia.

However the authors of this study showed that the effect was no longer present after

adjustment for gestational age,322 and this was not considered in the meta-analysis.

Other data has shown similar discrepancies between the meta-analysis and individual

study reports.3l8 A subsequent population birth cohort has reported that low birth

weight is associated with an increased risk of later schizophrenia.323

1.4.3.2.5 Health related quality of life and socio-economic status

To date no study has examined the effect of low birth weight in a population born at

term on later HRQoL. However there have been a number of observational studies that

have reported the relationship between birth weight and various measures of socio-

economic status. Low birth weight has been associated with subsequent

unemployment,32o lower likelihood of marriage32s and lower likelihood of gaining a

professional occupation resulting in lower income.2e6

1.5 Summary and aims of the thesis

Preterm birth accounts for approximately lOTo of all births in high income countries.6 e

'o Globally it is associated with considerable short+erm mortality and morbidity.6ll The

adverse childhood respiratory and neurodevelopmental sequelae are well recognised,

although little is known of these outcomes in adulthood. Furthermore, evidence is also
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emerging of later abnormalities in cardiovascularlol and endocrinel03 outcomes as

recent cohorts of preterm infants age.

Antenatal glucocorticoids are widely used in the context of preterm birth. Their use is

recommended in the management of preterm labour for the prevention of neonatal RDS

and results in considerable reduction in mortality and morbidity, as well as extensive

cost savings, in those born preterm.t 3 Each year approximately 100,000 infants are

exposed to antenatal glucocorticoids in the United Statese 
138 and approximately 1,000

in New 7*aland alone. While the short{erm benefits of a single course are well

established there have been a number of recent concerns regarding the role of

glucocorticoids in the perinatal period.

Repeat courses of antenatal glucocorticoids in man have been associated with increased

infant mortality, decreased growth and concern over long-term neurodevelopmental

outcome. Similarly, postnatal glucocorticoids have also been associated with long-term

adverse neurodevelopmental outcome. Furthermore, fetal exposure to excess

glucocorticoids is proposed as one of the core mechanisms explaining the

developmental origins of adult disease hypothesis.s Over the past two decades a large

amount of epidemiological evidence has shown increased rates of disease and

associated abnormal risk factors in those born small.a Synthetic glucocorticoids have

been widely used in animal paradigms to explore these findings and resulted in

abnormalities of cardiovascular, endocrine, neurological and respiratory systems of

adult animals. Unfortunately there are very few data conceming the long-term

consequences in adulthood of exposure to antenatal glucocorticoids.
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lmportant questions concerning the long-term effects of antenatal glucocorticoids and

preterm birth remain unanswered. As the first infants exposed to antenatal

glucocorticoids have now entered adulthood, the opportunity existed to address these

questions.

. Prior to the Steroid Follow-up Study what was the evidence from RCTs of

short-term and long-term effects of antenatal glucocorticoids [Chapter 3]?

. Does antenatal exposure to betamethasone for the prevention of neonatal RDS

alter blood pressure at age six [Chapter 4]?

. Does antenatal exposure to betamethasone alter mortality after the neonatal

period, socio-economic status, prevalence of coronary heart disease or its risk

factors at age 30 [Chapter 5]?

. Do birth weight or preterm birth alter mortality after the neonatal period, socio-

economic status, prevalence of coronary heart disease or its risk factors at age

30 [Chapter 6]?

. Does antenatal exposure to betamethasone alter respiratory morbidity after the

neonatal period, prevalence of wheeze and asthma, plasma IgE or lung function

at age 30 [Chapter 7]?

. Does antenatal exposure to betamethasone alter psychiatric morbidity,

handedness, cognitive functioning, working memory and attention, or HRQoL

at age 30 [Chapter 8]?

r Does preterm birth alter psychiatric morbidity, handedness, cognitive

functioning, working memory and attention, or HRQoL at age 30 [Chapter 9]?
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Does antenatal exposure to betamethasone, birth weight or preterrn birth alter

the prevalence of fractures at age 30, or DXA derived measures of peak bone

mass or femoral geometry [Chapter l0]?
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2 Methods

2.1 Summary of chapter contents

This chapter details the methods undertaken for this thesis. The content provided is very

detailed partly for reference in anticipation of future studies.

2.2 Management of Auckland Steroid Trial data

2.2.1 Auckland Steroid Trial data sheets

ln order to undertake the objectives discussed in the previous chapter the original trial

data from the Auckland Steroid Trial needed to be avaitable in electronic format. The

trial data sheets for all participants [Appendix l] were stored at National Women's

Hospital, Greenlane, Auckland. Permission to use these records was obtained from

Professor Sir Mont Liggins and Associate Professor Ross Howie. In 2000 these were

entered into an Oracle database, at the Clinical Trials Research Unit (CTRU), The

University of Auckland.
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For any data analysis, each participant must be uniquely identified. Unfortunately the

original trial data sheets only had a unique identifying number for each mother, coded

from I to 717 consecutively for trial l, and 2,001 to 2,425 consecutively for trial 2.

However a separate trial data sheet did exist for each infant, and this also recorded

whether the infants were offspring of a twin or triplet pregnancy, and birth order. With

this information it was possible to assign a unique identifying number to each infant,

and thus link the perinatal records with the follow-up data.

Each infant was assigned a unique identifying number as follows:

l. The first-born infant from each mother was assigned a number between 2,500

and 3,640.

2. Exceptions to the above were; the second-born infant of mother 2,192 who was

assigned a number between 2,500 and 3,640, and the singleton infant of mother

2,238 who was assigned number 3,741.

3. All other infants were assigned numbers between 3,641 and 3,740.

4. The following numbers were not used: 3,657;3,665; 3,666:3,668; 3,669;3,674;

3,676;3,680; 3,684; 3,690; 3,692; 3,693; 3,694; 3,695; 3,696; 3,7O2;3,7O3;

3,7 04; 3,7 M; 3,7 O9 ; 3,7 lO; 3,7 17 ; 3,7 l 8 and 3,7 21 .

The non-consecutive assignment of unique identifying numbers to infants allowed for

checking of the Oracle database for transcription errors.
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2.2.2 Definitions of variables created from Auckland Steroid Trial data
used in the analyses

The following maternal and fetal variables were created from the Auckland Steroid

Trial data [appendix 1]:

o Unplanned premature labour was determined to have occurred if column 65,

"diseases requiring separate analysis," was coded as "none," and column 23,

"delivery planned," was coded as "no."

o Pregnancy complicated by hypertension was determined to have occurred if

column 23, "delivery planned," was coded as "yes" with the indication being

"HOP" (hypertension of pregnancy).

o Gestational diabetes was determined to have been present if column 23,

"delivery planned," was coded as "yes" with the indication being "diabetes."

o Haemolytic disease was determined to have been present if column 23,

"delivery planned," was coded as "yes" with the indication being

"isoimmunisation," or if column 65, "diseases requiring separate analysis," was

coded as "haemolytic disease."

o Instrumental delivery was determined to have occurred if column 36, "method

of delivery," was coded as "forceps or ventouse vertex,l' "operative breech,"

"caesarean elective" or "caesarean non-elective."

o Rupture of membranes was determined to have occurred at the time of first dose

if column 37, "spontaneous membrane rupture - time in relation to l" dose of

steroid," was coded as "before." Prolonged rupture of membranes >24 hours
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was determined to have occurred if column 38, "spontaneous rupture - delivery

interval," was coded as "24 < 48 hours," "48 < 72 hours," "72 hours < 7 days"

or "over I week." Prolonged rupture of membranes >48 hours was determined

to have occurred if column 38, "spontaneous rupture - delivery interval," was

coded as '48 < 72 hours," "72 hours < 7 days" or "over I week."

o Chorioamnionitis was determined to have occurred if column 70, "amnionitis,"

was coded as "confirmed."

o Fetal distress was determined to have occurred if column 39, "fetal distress,"

was coded as "present."

o Fetal death was determined to have occurred if column 44, "outcome," was

coded as "fetal death: before I'r injection," "fetal death: 1st - 2nd injection,"

"fetal death: after 2nd injection antepartum" or "fetal death: af\er Znd injection

intrapartum."

The following neonatal and fetal variables were created from the Auckland Steroid

Trial data [appendix l]:

o Term delivery was determined to have occurred if columns I I to 13,

"gestational age at delivery," were )37 weeks.

o Neonatal death was determined to have occurred if column 44, "outcome," was

coded as "neonatal death: 0 < 6 hours," "neonatal death: 6 < 24 hours,"

"neonatal death: 2nd - 3rd days," neonatal death: 41h - 7th days" or "neonatal

death: 8th - 28th days."
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RDS was determined to have occurred if column 51, "RDS (clinical and x-ray),

was coded as "yes." Moderate or severe RDS was determined to have occurred

if column 47, "clinical RDS," was coded as "moderate" or "severe," or if

column 48, "chest x-ray ltt day - alveolar atelectasis pattem," was coded as

"moderate" or "sgvgrg."

IVH was determined to have occurred if column 67, "intravenuicular cerebral

haemorrhage," was coded as "present."

Congenital malformation was determined to have been present if column 65,

"diseases requiring separate analysis," was coded as "congenital malformation."

Infection while in the NICU was determined to have occurred if columns 68 to

69, "neonatal infection," were coded as "pneumonia alone," "pneumonia +

other," "gastroenteritis," "other major" or "other minor."

2.2.3 Birth weight standard deviation scores

Birth weight standard deviation (z) scores were calculated in order to determine the

effect of birth weight independent of gestational age at delivery. Three possible data

sets were considered for this. At the time of the Auckland Steroid Trial data from New

South Wales, Australia, had been used to generate centile charts for birth weights of

preterm infants in New Zs,aland.326 Although these data could have been used for the

analyses in this thesis, they were derived from a population that was considerably

different from that of the Auckland Steroid Trial which included both Pacific peoples

and Maori. Furthermore, data were not available separately for sex and small numbers
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of infants had contributed to the data at lower gestational ages, resulting in less accurate

figures for these gestations.

In 1982 Buckfield and colleagues published sex specific centile charts for 28 to 42

weeks gestation based on data from singleton European births in Dunedin, New

Tealand, in the 1970s.327 While these data had the advantage of being sex specific, their

inclusion of only one ethnic group and small numbers of infants at <35 weeks gestation

(there were 307 infants born <35 weeks gestation in the Buckfield data compared to

598 in the Auckland Steroid Trial) made them unsatisfactory for this study.

For the analyses reported in this thesis birth weight data reported by Thompson and

colleagues based on all deliveries in New 7,ealand in 1990 and l99l were used.32E32e

These data had the advantage of being sex specific, including large numbers in the

lower gestational ages, and coming from a population with ethnic diversity thought to

be closest to that of the Auckland Steroid Trial. However the use of this more modern

dataset meant that the Auckland Steroid Trial cohort was likely to have a slightly lower

mean birth weight z score, as birth weight has increased slightly in the 20 years

between the Auckland Steroid Trial and 1990 to lggl.32e

Infants were categorised as SGA if the birth weight z score was 31.28 (equivalent to

the lOth centile of a normal distribution).
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2.3 Systematic review of antenatal glucocorticoid use in
preterm birth

2.3.1 Data re-analysed from the Auckland Steroid Trial

The following outcomes were re-analysed from the Auckland Steroid Trial data using

an intention-to-trcat approach :

o Fetal and neonatal death.

o RDS and RDS classified as moderate or severe.

o [VH.

o Birth weight.

o Infection while in the NICU.

' APgar score.

r Interval between trial entry and bitth.

o Maternalchorioamnionitis.

The Auckland Steroid Trial data was further analysed according to the following

subgroups:

. Singleton vs. multiple pregnancies.
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o Gestational age at delivery (<28 weeks, <30 weeks, <32 weeks, <34 weeks, <36

weeks, 34 weeks or more, 36 weeks or more).

r Gestational age at trial entry (46 weeks, between 26 and 29.9 weeks, between

30 and 32.9 weeks, between 33 and 34.9 weeks, between 35 and 36.9 weeks,

>36 weeks).

o Interval between first dose and delivery (44 hours, <48 hours, I to 7 days, >7

days).

o Prelabour rupturc of membranes (at trial entr!, >24 hours before delivery, >48

hours before delivery).

o Pregnancy induced hypertension s;mdromes.

2.3.2 Systematic review methods

This review was completed with Dr Devender Roberts, University of Liverpool, United

Kingdom, according to the methods of the Cochrane Collaboration.l6

2.3.2.1 Criteria for inclusion of studies in review

2.3 2.1.1 Types of studies
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All RCTs comparing antenatal glucocorticoid administration with placebo, or with no

treatment, given to women prior to anticipated preterm delivery, regardless of other co-

morbidity, were considered for inclusion in the review. Studies were included if post-

randomisation exclusion had occurred. Studies were excluded if: quasi-randomisation

had occurred (e.g. treatment allocation by date of birth or record number), non-

randomised cohorts had been amalgamated with randomised subjects and the

randomised subjects could not be separated out, the effect of glucocorticoid

administration was tested along side another intervention or allocation concealment was

not used. Data were included from both published and unpublished studies.

2,3.2.1.2 Types of participants

Mothers, with a singleton or multiple pregnancy, expected to deliver preterm as a result

of either spontaneous preterm labour, preterm prelabour rupture of the membranes or

elective preterm delivery.

2.3.2.13 Types of interventions

A glucocorticoid capable of crossing the placenta (betamethasone, dexamethasone or

hydrocortisone) compared with placebo or with no treatment. Data from studies

involving the use of methyl-prednisolonel23 330 were excluded, as this glucocorticoid

has not been shown to induce pulmonary maturation in animal models and is known to
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have altered placental transfer.l23 Pre-defined sub-groups were planned to separately

examine primary outcomes in women and infants depending on the specific drug used.

2.3.2.1.4 Types of outcome measures

Primary outcomes were those thought to be the most clinically valuable in assessing

effectiveness and safety of the treatment for the woman and her offspring. Secondary

outcomes included possible complications and other measures of effectiveness.

Outcomes were considered for: the mother, the fetus or neonate, the child, the adult and

for health services.

2.3.2.1.4. I Pritnary outcotnes

Primary outcomes for the mother were death, chorioamnionitis and puerperal sepsis.

Primary outcomes for the fetus or neonate were death, RDS (all cases and moderate or

severe cases), CLD (defined as need for continuous supplemental oxygen at 28 days

postnatal age or 36 weeks postmenstrual age, whichever was later), IVH diagnosed by

ultrasound or by autopsy (all cases and severe cases) and birth weight.
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Primary outcomes for the child and adult were death and neurodevelopmental disability

at follow-up (including: blindness, deafness, moderate or severe cerebral Palsy,

developmental delay or intellectual impairment [defined as developmental quotient or

IQ <-2 SD below population meanl).

2.3.2.1.4.2 Secondary outcomes

Secondary outcomes for the woman were fever after trial entry requiring the use of

antibiotics, intrapartum fever requiring the use of antibiotics, postnatal fever, admission

to intensive care unit, side effects of therapy, glucose intolerance and hypertension.

Secondary outcomes for the fetus or neonate were five minute Apgar score <7, interval

between trial entry and birth, length at birth, head circumference at birth, skin fold

thickness at birth, SGA, placental weight, neonatal blood pressure, admission to NICU,

need for inotropic support, duration of inotropic support, need for mechanical

ventilation or CPAP, duration of mechanical ventilation or CPAP, air leak syndrome,

duration of oxygen supplementation, surfactant use, systemic infection in first 48 hours

of life, proven infection while in the NICU, necrotising enterocolitis and HPA axis

function.

Secondary outcomes for the child and adult were weight, head circumference, length,

height, skin fold thickness, abnormal lung ftrnction, blood pressure, glucose intolerance,
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HPA axis function, dyslipidaemia, visual impairment, hearing impairment,

developmental delay defined as developmental quotient <-2 SD below population

mean, intellectual impairment defined as IQ <-2 SD below population mean, cerebral

palsy, behavioural or learning difficulties, bone density and educational achievement.

Secondary outcomes for health services were length of antenatal hospitalisation for

women, length of postnatal hospitalisation for women, length of neonatal

hospitalisation, cost of maternal care and cost of neonatal care.

2.9.2.2 Search strategy for identification of studies

The search strategy included electronic searching of the Cochrane Pregnancy and

Childbirth Group register of trials, the Cochrane Central Register of Controlled Trials

(CENTRAL), MEDLINE, and hand searching of 3O journals and proceedings of major

conferences.

2.3.2.3 Assessment of studies

Both reviewers, not blinded to authors or results, independently assessed the studies for

eligibility and methodological quality. Any disagreement was resolved by discussion.

Authors for each included study were contacted for further information, where this was

thought to be necessary.



The validity of included studies was assessed using the criteria outlined in the Cochrane

Handbook,ta6 giving each study a grade for concealment of allocation; adequate (A)'

unclear (B), inadequate (C). lnformation about blinding, and the extent to which all

randomised mothers and their offspring were accounted for, was collected. Studies were

further excluded if maternal or fetaVneonatal outcomes were not reported for more than

2OVo of randomised mothers or their infant offspring.

2.3.2.4 Quantitative data synthesis

Data extraction was performed independently by both reviewers, checked for

discrepancies and processed as described in Cochrane Handbook.ta6 Discrepancies were

again resolved by discussion. In multiple pregnancies, the number of babies was used as

the denominator for fetal and neonatal outcomes. Outcomes were analysed on an

intention-to-treat basis. All statistical analyses were performed using the RevMan

version 4.1 software.33t RR (95Vo CI) and weighted mean difference (95Vo CI) were

calculated for dichotomous and continuous data respectively. Heterogeneity between

trial results was calculated using the /2 test.332

Primary analyses were limited to the above prespecified outcomes. Sub-group analyses

were performed for the following prespecified groups: singleton vs. multiple

pregnancy, gestational age at delivery (<28 weeks, <30 weeks, <32 weeks, <34 weeks,

<36 weeks, 34 weeks or more, 36 weeks or more), interval between first dose and
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delivery (<24 hours, <48 hours, I to 7 days, >7 days), prelabour rupture of membranes

(at trial entry, >24 hours before delivery, >48 hours before delivery), pregnancy

induced hypertension syndromes, type of glucocorticoid (betamethasone,

dexamethasone, hydrocortisone) and main decade of completion of trial recruitment. ln

addition post hoc subgroup analyses were performed according to the gestational age at

study entry.

2,4 World Health Organisation Follow-up Study

2.4.1 Management of World Health Organisation follow-up data sheets

Permission to use the data from the WHO Follow-up Study was obtained from

Associate Professor Ross Howie and Dr Allen Liang. The original WHO Follow-up

Study data sheets were stored at National Women's Hospital, Greenlane, Auckland. In

2002 these records were located, recoded as detailed eatlier, and then entered into an

Oracle database at the CTRU, The University of Auckland. Unfortunately the records

were incomplete and data were only available for 7O to SOVI of participants for each end

point.

The following variables were created from the WHO Follow-up Study data:

o BMI calculated according to Quetelet:

BMI = Weight (kg/(Height (m))2
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Low income was determined to have been present if column 43 of the medical

hiStOry queStiOnnaire, "income," was coded aS "On soCial benefit" Or "below

$5,000 p.a."

Maternal smoking was determined to have been present if column 33 of the

medical history questionnaire, "mother - smoking," was not coded with "nil."

Paternal smoking was determined to have been present if column 34 of the

medical history questionnaire, "father - smoking," was not coded with "nil."

lnfant breast feeding was determined to have occurred if column 60 of the

parental questionnaire, "was the baby breast fed?" was coded as "yes-"

2.4.2 Blood pressure measurement

Blood pressurc was measured by a Paediatrician (Dr Allen Liang) using an appropriate

sized cuff with a standard mercury sphygmomanometer. The measurements were taken

in the dominant arm, after five minutes rest, and with the child calmly seated. Diastolic

blood pressure was recorded as the fourth Korotkoff sound.

2.5 Steroid Follow-up Study

In this thesis the term Steroid Follow-up Study is used to refer to the physiological

follow-up study, the psychological and HRQoL follow-up study, and the bone mass
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follow-up study collectively. The physiological follow-up study attempted to trace and

assess all neonatal survivors of the Auckland Steroid Trial, while the psychological and

HRQoL follow-up study and the bone mass follow-up study were restricted for logistic

reasons (mainly financial) to the subgroup of neonatal survivors who usually resided in

the greater Auckland region. tn material supplied in the appendices, although not in

appendix titles, the terrn Steroid Follow-up Study is used to refer to just the

physiological follow-up study.

2.5.1 Tracing and recruitment

2.5.1.1 Pilot study

For the 988 neonatal survivors of the Auckland Steroid Trial, information was only

available about their sex, date of birth, mother's surnarne at the time of delivery and

location of delivery. Between June and September 2000 a pilot study was conducted by

Professor Jane Harding, Dr Anthony Rodgers, Dr Natalie Walker and Ms Sue Hawkins.

The primary aims were to:

l. Assess if it was possible to trace and locate neonatal survivors from the

Auckland Steroid Trial.

2. Determine if neonatal survivors from the Auckland Steroid Trial would be

willing to participate in a follow-up study.

3. Estimate likelv costs.

86



Attempts were made to contact the offspring of 150 randomly selected mothers (162

infant offspring) from the Auckland Steroid Trial.

Data from the Auckland Steroid Trial and the WHO Follow-up Study indicated that 37

of the 162 offspring had died; 35 within the fetal or neonatal period and two by four

years of age. In addition, a further three had died by the time of the pilot study; making

a toral of 40 (25Vo) of the random sample who were deceased. Fifty four (M?o) of

those thought to be alive were located and responded to the pilot questionnaire by the

end of the pilot srudy. Some information was available for an additional 23 (l9%o)

individuals, with 45 (37Vo) individuals being considered lost to follow-up.

Of the 54 people who were located and responded, 50 agreed to participate in the main

follow-up study and four declined, giving a response rate of 93Vo. Of those who agreed

to participate,42 (84Vo) agreed to answer questions asked by an interviewer about their

health and 37 (74Vo\ agreed to provide a blood sample. Additionally,22 (M%o) agreed

to undergo a free health check by a doctor or nurse if visited at home, and 36 (72Vo)

agreed to undergo a free health check at a hospital or clinic. Three stated that they

would participate but were unsure what they would agree to do.

Of the 50 people who agreed to participate,26 (52Vo) resided in the Auckland region,

16 (32Vo\ in the remainder of the North Island, 4 (8Vo) in the South Island, and 4 (8Vo)
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were overseas. No negative conunents about the original trial or proposed follow-up

study were received from any of the contacted mothers or their offspring.

2.5.1.2 Tracing and recruitment protocol

The results of the above pilot study confirmed that it was feasible to attempt to locate

and recruit all 988 neonatal survivors from the Auckland Steroid Trial. Using the

information available about the neonatal survivors (sex, date of birth, mother's surname

at the time of delivery and location of delivery) between February 2ffi2 and December

2003 attempts were made to locate and recruit into the physiological follow-up study all

neonatal survivors using the following protocol [summarised in Figure 2.1]:

l. Neonatal survivors were identified from the Auckland Steroid Trial data sheets.

2. The fifty who had been contacted in the pilot study were sent an invitation letter

to participate in the physiological follow-up study [Appendix 2]. '

3. The archived daily birth records for National Women's Hospital from 1969 to

1974were hand searched to identify the full names of mothers and to confirm

the dates of birth of the infants.

4. The archived card index records of all admissions to National Women's

Hospital and St Helen's Hospital (St Helen's Hospital was a secondary level

obstetric hospital located in central Auckland which closed in 1990) were hand

searched to:
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).

Confirm the mother's full name or to identify possible names (matched

to mother's surniune and date of birth of the infant) if the infant had not

been delivered at National Women's Hospital or St Helen's Hospital (79

(8Vo) of the 988 neonatal survivors were not delivered at National

Women's Hospital or St Helen's Hospital).

b. Identify the mother's date of birth.

c. Ascertain the mother's most recent address (the hand written card index

was used up until the late 1980s when it was replaced by electronic

records).

d. Ascertain the sex and date of birth of any possible siblings to the index

infant.

Using the mother's fi.rll niune, and the sex and year of birth of the infant, all the

possible names for a neonatal survivor were identified from the National Birth

Register microfiche (Deaths, Births and Marriages, Department of lnternal

Affairs, Queen Street, Auckland). If the mother's name was obscure this process

often resulted in only one possible narne. However if the mother's name was

corlmon, e.g. Mary Smith, this process could yield a number of possibilities.

The possible names of the neonatal survivors were entered into the New

Znaland National Health lndex database (New 7*aland Health Information.

Service, Wellington, accessed at Auckland District Health Board). From 1980

this database recorded the name. date of birth, address, date of last admission,

and whether an individua.l is deceased, for all attendances to public hospitals in

New Zealand. For neonatal survivors who had attended a public hospital, the
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database confirmed their name from the list of possibilities generated from the

National Birth Register, and the date they were last at the address supplied.

7. Further address information was sought from an electronic search of the New

Tnaland electoral roll.

8. Further address information was sought from an internet search of the New

Tnaland telephone directory @.

9. Further contact details were sought from various internet search engines

(www.gqggle.com and www.fi ndafriend.com).

10. The neonatal survivors whose address was found were sent a letter inviting them

to participate in the physiological follow-up study [Appendix 2]. H there was no

response to this letter after two to four weeks a further letter was sent to the

same address.

I 1. Neonatal survivors were contacted by email or telephone if this was the only

contact information available.

12. H no contact information was available, or if contact had not been made, steps

six to nine were used to identify contact information for the mothers.

13. The mothers whose address was known were sent an introductory letter

concerning the Steroid Follow-up Study requesting them to provide contact

details for their child(ren) [Appendix 2].lf there was no response to this letter

after two to four weeks a further letter was sent to the same address.

14. The mothers were contacted by email or telephone if this was the only contact

information available.
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15. If contact had still not been made, steps five to nine were used to identify

possible names and contact information for siblings, where the sibling's birth

had been identified in the search of the card index of admissions to National

Women's Hospital and St Helen's Hospital.

16. The siblings whose address was known were sent an introductory lener

concerning the Steroid Follow-up Study requesting them to provide contact

details for the neonatal survivors [Appendix 2]. If there was no response to this

letter after two to four weeks a further letter was sent to the same address.

17. The siblings were contacted by email or telephone if this was the only contact

information available.

18. If contact had still not been made, known previous address information was sent

to New Tnaland Post for an electronic search of the New Zealand Post

Household Postal Address Directory (New Tnaland Post Limited, Wellington).

The Household Postal Address Directory provides address information recorded

when people move houses and ask New Zealand Post to forward their mail to

their new address.

19. If a new address was confirmed for a neonatal survivor or their mother then the

appropriate invitation letters were sent to the new address [Appendix 2].

20. The National Death Register microfiche @eaths, Births and Marriages,

Department of Internal Affairs, Queen Street, Auckland) was hand searched for

all known deaths and for anv neonatal survivors who were born before 1970 and

still not contacted.
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2t. The National Death Register (New Zealand Health Inforrration Service,

Wellington) was electronically searched for all remaining neonatal survivors

still not contacted who may have died between the years not covered by the

New Zealand National Health Index database (lg70to 1979).

Z7.Death certificates were obtained (Deaths, Births and Marriages, Department of

Internal Affairs, Wellington) for all known deaths between 28 days of age and

follow-up attempts.

Figure 2.1: Summary of Steroid Follow-up Study tracing protocol-
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Approximately thirty (3Vo) of the archived daily birth records for National Women's

Hospital indicated that the neonatal survivor was "for adoption." Staff recollections

from the time suggested that although "for adoption" was recorded in the daily birth

records often the infant remained with their birth parents. However in order to limit the

possibility of distress to those who may have been adopted, attempts were only made to

contact these survivors via their birth mothers.

Once contacted, neonatal survivors received information explaining the Auckland

Steroid Trial and the physiological follow-up [Appendix 3]. Subjects were asked to

confirm that they were a neonatal survivor of the Auckland Steroid Trial (sex, date of

birth, location of birth, mother's surname and mother's recollection of involvement or

risk of preterm birth). They were invited to participate in the physiological follow-up

study or decline any further involvement.

Given the unusual nature of recruitment into the physiotogical follow-up study, in that

the identity of the neonatal survivors was unknown at the beginning of the project, a

number of additional strategies were employed. First, a media statement was released

shortly after recruitment began. This resulted in the publication of newspaper articles in

a number of daily newspapers, including the New Znaland Herald, New Zealand's

largest daily newspaper with a wide distribution in the upp€r North Island. Second,

towards the end of recruitment an advertisement was placed in the Wednesday and

Saturday editions of the New Zealand Herald. Finally, an application was made to the

Auckland Regional Ethics Committee to search databases based on third party release

authorisation. Third party release information, usually contact details, is collected
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legally when individuals apply for personal loans, hire purchase agreements or credit

cards. Electronic access to such commercial databases is possible via debt recovery

agencies or private investigators. Unfortunately the Auckland Regional Ethics

Committee declined the application to use these databases.

2.5.1.3 Ethical approval and privacy considerations

Ethical approval for the tracing, recruitment and physiological follow-up study was

given by the Auckland Regional Ethics Committee on behalf of all New Zealand

Regional Ethics Committees.

Maintenance of confidentiality and compliance with the Privacy Act was emphasised to

the research team and all participants. Participation in the study was entirely voluntary-

Written consent was obtained from all study participants, Iegal guardians or next of kin

as appropriate.

AII data were treated with the strictest confidence. Conhdentially was maintained by

coding all blood requests, blood samples, participant questionnaires and participant

physiological data. Access to study data was restricted to those staff directly involved

with the study, with identifying information kept separate from the coded data. All

corespondence with participants, mothers and siblings was labelled "Personal and

confidential.- All participant information, including Auckland Steroid Trial data and
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WHO Follow-up Study data, is to be stored indefinitely in a locked room, under the

responsibility of the Director of the CTRU. All computerised inforrration is password

protected.

2.5.13,1 Monitoring Committee

As participants were being approached approximately 30 years after their mothen had

been involved in the Auckland Steroid Trial there was the possibility that some mothers

may not remember this involvement. Furthermore, some mothers may not have told

their children that they were part of the Auckland Steroid Trial. Consequently, there

was a risk of negative reaction from the offspring and/or their mothers regarding

involvement in the Auckland Steroid Trial and the subsequent contact regarding

possible involvement in the Steroid Follow-up Study. An independent Monitoring

Committee was established which received bimonthly reports of study recruitment and

all such negative reactions. Negative reactions were handled expediently on a case-by-

case basis and individuals were given an opportunity to speak with principal

investigators, a member of the monitoring committee or independent health advocates.
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2.5.2 Physiological follow-up study

2.5.2.1 lnclusion and exclusion criteria

Between February 2OO2 andDecember 2003 dl neonatal survivors located were invited

to participate in the physiological follow-up study. All participants completed the study

questionnaire. Participants who resided in New Tnaland, or were returning to New

Tr;aland within the study timeframe, were offered the opportunity to attended a clinic,

or be seen in their own home, for further inveitigations.

2.5.2.2 Sample size and povrer catculations

Sample size calculations were based on the results of the pilot study. Assuming M% of

the 988 neonatal survivors could be located (434 individuals), and 93% of these

participated in the study (404 individuals), power calculations were based on an

estimated sample size of 400 and were preforrred using Epi Info version 1.1.2.333 The

study was expected to be large enough to detect 4 to 6aodifferences between treatment

groups for a number of key endpoints with 807o power and an alpha of 0.05 [Table 2.1J.
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Table 2.1: Power calculations for key end points of the physiological follow-up study.

Key end points Expected meantSD Minimum detectable
difference (7o)

FEVr,litres* 3.510.6 0.17 (5)

Systolic blood pressure, mmHgt 120*15 4.2 (4)

Random blood glucose, mmol/lt 4.3{.9 O-25 (6)

Total cholesterol, mmol/l* 4.9*l.l 0-31 (6)

SD=Standard deviation. *Data from Schoenberg JE, et al. Respiration Physiology 1978:.33..367-

93 (Assumes female to male ratio l:l). tData from the New Zealand Blood Donors'Health
Study undertaken by the Clinical Trials Research Unit, The University of Auckland. tData from

the Fletcher Challenge-University of Auckland Heart and Health Study undertaken by the

Clinical Trials Research Unit. The Universitv of Auckland'

2.5.2.3 Questionnaire

The study questionnaire [Appendix 41, based on large national or internationally

validated questionnaires, was designed to specifically question:

o Ethnicity and socio-economic status (including education, occupation, marital

status and income) using questions from the 2001 New 7*aland Census, the

New Zealand Blood Donors' Health Study334 and the Fletcher Challenge-

University of Auckland Heart and Health Study.33s

o Parental and participant past medical history, particularly cardiovascular disease

and its risk factors, using questions from the Motherwell Study (Scotland),316337

the New Znaland Blood Donors' Health Study3e and the Fletcher Challenge-

University of Auckland Heart and Health Study.33s

o Respiratory symptoms using questions from the European Respiratory Health

Survey338 (international participants, including New Zealanders)-28e33e-341
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. Reproductive history using questions from the Auckland Lrg Ulcer Studflz and

the Motherwell Study.336 
337

o Birth weight.

o Previous fractures.

All participants completed the study questionnaire. Prior to the clinical assessment

participants were sent the study questionnaire by post. During the clinical assessment

the study nurse would confirm that all questions had been answered and answer any

queries concerning the questionnaire that the participant may have had. The study

questionnaire was sent by post to those participants who did not attend a clinical

assessment, participants who were residing overseas and not returning to New 7*aland

within the study timeframe or who had declined participation in a clinical assessment.

In addition, a small number of participants answered the study questionnaire over the

telephone. After the questionnaire had been received and checked, participants were re-

contacted if a question was unanswered or if an answer generated a data query.

2.523.1Variables derived from study questionnaire used in the analyses

The following maternal, paternal and participant variables were created from the study

questionnaire [Appendix 4] :
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2.5,2.3. 1. I Maternal variahles

Death was determined to have occurred if the answer to question 90, "is your

mother still alive?'n was "no."

A maternal history of cardiovascular death was determined to be present if the

answer to question 92, "what did she die of?" indicated cerebrovascular or

coronary heart disease as the cause of death.

A maternal history of cancer death was determined to be present if the answer to

question 93, "if she died of cancer, please specify the main site of the cancer,"

was completed.

A maternal history of asthma was determined to be present if the answer to

question 98, "was your mother ever told by a doctor that she had asthma?" was

"ygs-tt

A maternal history bf cerebrovascular disease was determined to be present if

the answer to question 95, "was your mother ever told by a doctor that she had

had a stroke?" was "yes."

A maternal history of coronary heart disease was determined to be present if the

answer to question 96., "was your mother ever told by a doctor that she had had

a heart attack or angina?" was "'yes."

A maternal history of cardiovascular disease was determined to be present if

either a maternal history of cerebrovascular or coronary heart disease was

present.
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A maternal history of hyperlipidaemia was determined to be present if the

answer to question 97, "was your mother ever told by a doctor that she had high

cholesterol?n' was "yes-"

Maternal history of hypertension was classified into; "pregnancy related" if the

answer to question 94, "was your mother ever told by a doctor that she had high

blood pressure?" was "yes, but she only had it during pregnancy" or if the

Auckland Steroid Trial data indicated that hypertension was present; "unrelated

to pregnancy" if the answer to question 94 was "yes, but it was unrelated to any

pregnancies" or "yes, but I'm not sure if it was related to any pregnancies or

not;" and "no h5ryertension." Sensitivity analysis was conducted placing the

response to question 94 "yes, but I'm not sure if it was related to any

pregnancies or not" into the maternal history of hypertension related to

pregnancy category. This analysis did not change the results and the former

classification only is presented in the thesis.

Matemal history of diabetes was classified into; "pregnancy related" if the

answer to question 99, n'was your mother ever told by a doctor that she had

diabetes?" was "yes, but she only had it during pregnancy" or if the Auckland

Steroid Trial data indicated that gestational diabetes was present; 'tnrelated to

pregnancy" if the answer to question 99 was "yes, but it was unrelated to any

pregnancies" or "yes, but I'm not. sure if it was related to any pregnancies or

not;" and "no diabetes." Sensitivity analyses were conducted placing the

response to question 99 "yes, but I'm not sure if it was related to any

pregnancies or not" into the maternal history of diabetes related to pregnancy

category, and by classifying diabetes based on type (question l0l) and treatment
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(question IOZ). These analyses did not change the results and the first

classification only is presented in this thesis.

o A maternal history of smoking during pregnancy while carrying the participant

was determined to have occurred if the answer to question 28, "when your

mother was pregnant, in particular with you, did she," was "cut down or stop

during pregnancy" or "smoke as usual during pregnancy."

r A maternal history of smoking during participants' childhood was determined to

have occurred if the answer to question 2'7, "did your mother ever smoke

regularly during your childhood, or before you were born?" was "yes."

2,5.2.3.1.2 Paternal variables

Classification of the paternal variables were the same as the maternal variables, with the

following exceptions:

o A paternal history of hypertension was determined to be present if the answer to

question 108, "was your father ever told by a doctor that he had high blood

pressure?" was "yes."

o I paternal history of diabetes was determined to be present if the answer to

question I13, "was your father ever told by a doctor that he had diabetes?" was

"yes." Sensitivity analysis was conducted by classifying diabetes based on t)?e

(question I 15) and treatment (question I 16). This analysis did not change the

results and the former classification only is presented in this thesis.
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o A paternal history of smoking during participants' childhood was determined to

have occuned if the answer to question 26, "did your father ever smoke

regularly during your childhood?" was "yes."

2.5.2.3. 1.3 Participant variables

2.5.2.3.1.3. I Ethnicitv

Ethnicity was determined by the answer to question 4, "which ethnic groups do you

belong to?" This question was answered in the same format as used in the 20Ol New

7*aland census. Participants could identify with multiple ethnic groups. Ethnicity was

classified using a hierarchal definition determined a prtori. Participants were first

classified to "Maori" if they identified themselves as "Maori" regardless of the number

of ethnic groups identified with. The remaining participants were classified to "Pacific

Island" if they identified themselves as o'Samoan," "Cook Island Maori," "fongan,"

"Niuean,n' or "Other" if this was specified as a Pacific peoples. The remaining

participants were classified to "Other" if they identified themselves as "Chinese,"

"Indian" or "Other" if this was not specified as a Pacific peoples. The remaining

participants identified themselves just with "New Znaland European" and were

classified accordingly.
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Socio-economic status was assessed by the following variables:

o Marital status.

Education determined from the answer to question 6, "what is the highest level

of education that you have received?"

lncome determined from the answef to question ll, "what was your total

personal income and household's total income before tax, during the past 12

months?" This thesis categorises household income to "<$20,000," "$20,000 to

$40,000" or '5$40,0O0." ff a participant lived alone or in a flatting situation

(where their income was not shared with the rest of the household; question l0)

household income was determined to be personal income. Sensitivity analyses

were conducted using personal and household income, unadjusted for living

zurangements. These anatyses did not change the results and are not reported in

this thesis.

Occupation determined from the answer to question 9, "which of the following

categories best describes your current work situation?" Participants were asked

whether they were a worker for pay, self-employed, a homemaker (also asked

previous occupation and partner's occupation), a student (also asked parents'

occupation) or unemployed (also asked previous occupation). New 7*aland

Socio-economic Index scores were assigned from this occupational data using

the system developed by Davis and colleagues.3o'Occupations are given a New

Tnaland Socio-economic Index score from a minimum of l0 to a maximum of

90. The New Zealand Socio-economic tndex score can be further classified
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according to six classes from I to 6, with I being the lowest, comprising l7.5%o

of the population, and 6 being the highest, comprisin g SVo of the population.

2.5.2.3.1.3.3 Lifestyle variables

Lifestyle variables were assessed as follows:

o Tobacco use was determined by the answers to questions l2 to 25: age of

starting, age of stopping, type of tobacco consumed and frequency of

cOnSUmptiOn. TobaCCO USe was ClaSSified tO "Current", "ex-Smoker" and "non-

smoker".

A history of current illicit drug use was determined to be absent if the answer to

questions 12 and 13, "During the past 12 months, how often did you use

marijuana/other illegal drugs," was "not at all."

Alcohol use was determined by the answers to questions 29 to 33; quantity and

frequency of consumPtion. Alcohol use was classified as "non-drinker" if a

participant did not currently use alcohol once a month or more, or had never

used alcohol once a month or more. Alcohol use was classified as "heavy

drinker," according to the Alcohol Advisory Council of New 7*aland criteria, if

males consumed on average >21 standard units per week or >6 units in one day

in the last three months, or if females consumed on average >14 standard units

per week or / units in one day in the last three months.s Remaining alcohol

use was classified as "social drinker."

l@



o Exercise was determined by the answers to questions 36 to 4l; frequency,

duration and intensity of exercise. Moderate and vigorous physical exercise was

classified as "none", "(30 minutes per day" or "230 minutes per day."

Sensitivity analyses were conducted using moderate and vigorous exercise as

continuous variables. These analyses did not change the results and are not

presented in this thesis.

2.5.2.3.1.3.4 Past medical history

A history of coronary heart disease was determined to be present if the answer

to question 46, "has a doctor ever told you that you have had a heart attack or

angina?" was "yes."

A history of cerebrovascular disease was determined to be present if the answer

to question 47, "has a doctor ever told you that you have had a stroke?" was

"yes,tt

A history of hypertension was determined to be present if the answer to question

42, "has a doctor ever told you that you have high blood pressure?" was "yes,"

or if the answer to question 137 (answered by female participants only), "during

your pregnancy did a doctor ever tell you that your blood pressure was high?"

was "yes." Sensitivity analyses were conducted classifying hypertension by sex

and relationship to pregnancy. These analyses did not change the results and are

not presented in this thesis.
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A history of hyperlipidaemia was determined to be present if the answer to

question 45, "has a doctor ever told you that you have high cholesterol?" was

"yes."

A history of diabetes was determined to be present if the answer to question 48,

"has a doctor ever told you that you have diabetes?" was "yes." Sensitivity

analysis was conducted by classifying diabetes based on type and treatment,

question 50 and 51 respectively. This analysis did not change the results and the

former classification only is presented in this thesis.

A history of asthma was determined using the European Community

Respiratory Health Survey questions.338 Specifically, a history of wheeze in the

last 12 months was determined to be present if the answer to question 55, "have

you ever had wheezing or whistling in the chest at any time in the last 12

months?" was "yes." Current asthma was determined to be present if

participants had one or more of the following: current use of asthma

medications (questions 54 and 82), attack of asthma in the last 12 months

(question 8O) or waking short of breath in the last 12 months (question 6l). In

addition, the prevalence of asthma over lifetime was determined by the answer

to question 73, "have you ever had asthma?" and question 74, "was this

confirmed by a doctor?"

A history of previous fractures was determined to be present if the answer to

question 144, "have you ever been told that you have fractured a bone (i.e.

broken a bone)?" was "yes." Frequency, location and age at time of fracture(s)

were also determined (question 145).

106



A history of other medical conditions and medication use was determined from

the answer to open-ended generic questions (questions 52 and 54).

2.5.2.4 Clinical assessmenf

Participants residing in New 7*aland, or returning to New Zsaland within the study

timeframe were either visited at home by a study nurse or attended a convenient local

clinic for a clinical assessment. The possibility of conducting clinical assessments

overseas was investigated. However this was not considered feasible due to cost, the

requirement for multiple ethics applications at individual Australian sites (a large

proportion of participants overseas were expected to reside in Australia) and the

relatively low number of overseas subjects found in the pilot study (\Vo), although there

were no objections to overseas assessments from the study nurses.

At the clinical assessment a study nurse measured participants' body size, blood

pressure and lung function. Blood samples were obtained after an overnight fast for

plasma glucose, insulin, cortisol; IgE and lipids. Following the fasting sample

participants underwent a standard 75g oral glucose tolerance test, with blood samples

taken for glucose and insulin levels at 30 and 120 minutes [Appendix 2]. Known

diabetics were excluded from the glucose tolerance test.
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Prior to the start of data collection an instructor from the International Society for the

Advancement of Kinanthropometry trained study nurses in antfuopometry. At the

clinical assessment study nurses measured participants' weight, height, head

circumference, waist and hip circumferences, and skinfold thicknesses (biceps, triceps,

subscapular and suprailiac) using standardised techniques.ss Skinfold thickness

measurements were taken in triplicate with the average value used in analyses. A single

measurement was recorded and used in analvses for all other measurements.

Blood pressure was measured after five minutes rest, with participants seated, using an

Omron IIEM 705-CP automated sphygmomanometer (Omron Healthcare Inc,

Bannockburn, United States of America) and an appropriate sized cuff. Two

measurements were obtained with the average value used in analyses. The use of

Omron automated sphygmomanometers has been shown to be both reliable and well

validated.3a6 Y7

25.2.4.1 Fasting blood samples

Blood samples were obtained after an overnight fast for plasma glucose, insulin,

cortisol, IgE and lipids. The fasting sample was obtained at 0830 hours, and in the first

half of the menstrual cycle in females, in order to limit variability in plasma cortisol

levels. All laboratory analyses were conducted by Diagnostic Medlab (Harrison Road,

Ellerslie, Auckland), apart from the insulin analysis, which was conducted by LabPLUS

(Auckland District Health Board).
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Insulin levels become unreliable if plasma is not promptly separated from whole blood.

Therefore, if the clinical assessment was not occurring at a Diagnostic Medlab

laboratory, or if the insulin specimens could not get to a Diagnostic Medlab laboratory

within two hours of collection, the whole blood samples were centrifuged, using a

portable centrifuge, at 3,500rpm for I0 minutes. Plasma was then pepetted into chilled

microtubes and placed into a Labtop cooler (supplied by Diagnostic Medlab) that had

previously been frozen in a domestic freezer overnight. The Labtop cooler was then

placed in a polystyrene container and surrounded by ice for transport. The remainder of

the specimens were stored in biohazard storage bags at room temperature. All

specimens were delivered to Diagnostic Medlab within 24 hours of collection.

2.5.2.4.2 Spirometry

Prior to the start of data collection study nurses were trained in spirometry technique by

a respiratory technician with experience in educating non-respiratory trained health

professionals in the clinical use of portable spirometry. In addition, the study nurses

received further training after approximately 200 participants had been assessed.

Spirometry data were obtained using a Microlab ML350O portable spirometer (Micro

Medical Limited, Rochester, United Kingdom) in the absence of recent use of a

bronchodilator (8 hours) and of smoking (l hour). Study nurses were asked to obtain

three blows, from a possible maximum of eight attempts, where the variability of FEVr

added to forced vital capacity (FVC) was 15Vo. Spirometry results were assessed
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according to the American Thoracic Society criteria for acceptability and

reproducibility [Table 2.2J.t* The spirometry of participants not meeting this standard

were excluded from analysis, except that blows of less than six seconds were included

if a plateau of at least one second was obtained on the volume time curve. Spirometry

assessment was reviewed by a Respiratory Physician (Professor Harry Rea) and all

disagreements resolved by discussion.

Table 2.2: Spirometry acceptability and reproducibility criteria.

Acceptability criteria
Individual spirograms are acceptable if:
l. They are free from artefacts:

Cough or glottis closure during the first second of exhalation.

Early termination or cutoff.

Variable effort.

lrak.
Obstructed mouthpiece.

2.Have good starts:

Extrapolated volume <5Vo of FVC or 0.15L, whichever is greater; or

Time-to-PEF of <l20ms.

3. Have a satisfactory exhalation:

6s of exhalation and/or a plateau in the volume-time curve; or

Reasonable duration or a plateau in the volume-time curve; or

If the subject cannot or should not continue to exhale.

Reproducibility criteria
l. After three acceptable spirograms have been obtained, apply the following tests:

Are the two largest FVC withinO.2Lof each other?

Are the two largest FEV; within 0.2L of each other?

Both these criteria have to be met for reproducibility criteria to be fulfilled.

Adapted from: Arnerican Thoracic Society. American Journal of Respiratory & Critical Care
Medicine 1995;152:l t07-36. FVC=Forced vital capacity, PEF=Peak expiratory flow,
FEVl=ferced expiratory volume in one second.
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Spirometry results are expressed as percentage predicted for height, sex and age based

on European data,34e which has been shown to be applicable to Maori and Pacific ethnic

groups.3to The highest of the three values recorded was used in the analyses for FEVr,

FVC, ratio of FEV; to FVC, and peak expiratory flow rate (PEF).348 For other

spirometry measurements, the values used in the analyses are from the single blow, in

which the sum of FEVr and FVC was greatest.

2.5.2.5 Data management

Body size measurements, blood pressure measurements and spirometry results were

hand recorded by study nurses onto the study visit clinical questionnaire form

[Appendix 5]. The study manager checked this form along with the completed study

questionnaire for transcription errors and completeness. Questions relating to

occupation were recoded using the New Tnaland Socio-economic Index scores.3o3

Questions relating to medication and disease were recoded using the WHO medication

list3sr and the International Statistical Classification of Diseases,3sz respectively. The

study questionnaire and clinical questionnaire form were entered into an Oracle

database. Results of blood tests were linked to the Oracle database via electronic'

transfer of results from the laboratories that conducted the analyses. If data were

missing or outside predetermined ranges a data query was generated for the study team

to check. Data for 134 participmrts (25Eo) were double keyed to assess data entry errors.

These were found to be <0.027o. All data were also examined for errors and anomalies

during analyses.
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2.5.2.6 lntra and inter-observer variability

lntra-observer variability was decreased by regular calibration checks of all equipment

(callipers, electronic scales, sphygmomanometers and spirometers). Inter-observer

variability was monitored prior to data collection and at six monthly intervals by asking

each study nurse to assess body size, blood pressure and lung function in five

volunteers of similar age to the study participants. All comparisons revealed an inter-

observer variability of <5Vo.

2.5.3 Psychological and heatth related quality of life follow-up study

2.5.3.1 Recruitment, inclusion and exclusion criteria

The'study nurses asked all participants who attended the clinical assessment in the

physiological follow-up study, whether they would be willing to be approached about

further research. By October 2OO2, 2O3 participants had completed the clinical

assessment from the physiological follow-up study and all had indicated their

wiflingness to be approached again. Between November 2002 and December 2003

those who usually resided in the greater Auckland region were sent an introductory

letter explaining both the psychological and HRQoL follow-up study and the bone mass

follow-up study. Participants could indicate a willingness to be involved in both, one or

neither study. If they did not respond a further letter was sent. If there was still no reply

participants were contacted by telephone.
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After October 2002, when ethical approval was obtained, participants who had

completed the clinical assessment for the physiological follow-up study, indicated a

willingness to participate in further research and usually resided in the greater Auckland

region, were given the introductory letter by the study nurses at the end of the clinical

assessment. If there was no reply in response to this letter participants were contacted

by telephone.

The place of usual residence was defined as the address given by a participant at the

rime they completed the contact form tbr the physiological follow-up study [Appendix

41. This excluded participants visiting a study clinic within the greater Auckland region

who usually resided elsewhere. Participants who usually resided oversqrs were

excluded regardless of the address on the contact form, as this was often their next of

kin's address in New Tnaland.

The greater Auckland region was defined by the Central Auckland Statistical Area

(Statistics New Zealand, Department of Internal Affairs, Wellington), which refers to

the area that is bounded to the south by Mercer and the Waikato River, and to the north

by a line through Mangawhai Heads, north of Wellsford to Oruawharo Heads [Figure

2.21. Although both the psychological and HRQoL follow-up study and the bone mass

follow-up study were limited to the greater Auckland region, due to funding constraints,

the effect of this on the generalisability of the results was thought likely to be small as

the region comprises both urban and rural communities from a diverse socio-economic
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spectrum, and was likely to be the place of residence for the majority of the Auckland

Steroid Trial survivors (52Vo in the pilot study).
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2.5,3,2 Sample size

Sample size calculations were based on the results of the pilot study. Assuming the

physiological follow-up study achieved a target recruitment of 400 participants, and

SZVo (208) of these lived in the greater Auckland region, it was estimated that it was

possible to recruit 200 participants into the study. This sample size would give

sufficient power to detect 3 to 22Eo differences between treatment groups for a number

of key endpoints (alpha=0.05, beta=O.2) lTable 231.3t3

Table 2.3: Power calculations for key end points of the psychological and health related

quality of life follow-up study.

Expected meantSD MinimumdetectableKey end points

IQ*
BDI-tr total scoret

100+15

4.73t4.73

difference (7o)

3 (3)

r.o3 (22)

State Trait Anxiety Inventory - Total* 34.89+9.19 l'84 (5)

SD=Standard deviation, IQ=Intelligence quotient, BDI-II=Beck depression inventory (version

2). tData from Beck Manual, Beck Institute for Cognitive Therapy and Research, BaIa

Cynwyd, United States of America. fData from STAI Manual, Consulting Psychologists Press,

Palo Alto, United States of Anrerica.

2.5.3.3 Study assessment

2.5.3.3.1 Assessment procedure
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All participants were interviewed in the Department of Psychology, The University of

Auckland, or in their own homes, by a single study Psychologist (Dr Vanessa Lim)

between February 2003 and March zO0/.. Assessments comprised of a structured

interview composed of the following validated psychological tests:

l. Beck Depression Inventory II (BDI-ID.353

2. Benton Visual Retention Test.3s

3. Brown Attention Deficit Disorder Scale.355

4. Paced Auditory Serial Addition Test (PASAT)."6

5. Schizotypy Traits Questionnaire.35T

6. Trait portion of the State-Trait Anxiety Inventory (STAD.358

7. Wechsler Abbreviated Scale of Intelligence (WASI).35e

All participants completed the tests in the above order.

Prior to the study interview the participants were sent the following questionnaires to

complete:

o Short Form 36 Health Survey (SF-36).360

o Thirteen additional HRQoL questions concerning vision, hearing and speech

impairment.

o Edinburgh Handedness Inventory.'ut
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During the study interview the Psychologist checked that all questions had been

answered.

2.5.3.3.2 Consent

Written consent was obtained from study participants, legal guardians or next of kin as

appropriate, at the start of the assessment by the Psychologist. The Psychologist

emphasised to participants that participation in the study was entirely voluntary'

2.5.9.4 Cottection and definition of variables from the psychological and

heatth retated quality of tife follow-up study used in the analyses

Cognitive functioning was assessed using the WASI."9 Th" WASI comprises four

subtests that result in scales for full IQ, verbal IQ and performance IQ.

Working memory and attention was assessed using the Benton Visual Retention Test,3s

the PASAT356 and the Brown Attention Deficit Disorder Scale.355 The Benton Visual

Retention Test assesses visual perception, visual memory, and viSuoconstnrctive

abilities by asking participants to copy from memory ten increasingly difficult designs.

Results iue expressed as a score of number of correct designs and a total error score.

The PASAT assesses sustained attention by asking participants to add 6l consecutive

digits. As each digit is presented, the participant must sum that digit with the digit that
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was presented prior to it. The test is repeated with decreasing time intervals between

digits;2.4 seconds,2.0 seconds, 1.6 seconds and 1.2 seconds. Results are expressed as a

score of correct digits at each time interval. The Brown Attention Deficit Disorder Scale

is a 40 item self-completed questionnaire that measures symptoms of attention deficit

disorder, with a total score out of 120. Probable attention deficit disorder was defined as

a score of greater than 39.

Psychiatric morbidity was assessed using the BDI-II,353 the Trait portion of the STAI358

and the Schizotypy Traits Questionnaire.3st The BDI-tr is a 2l item self-completed

questionnaire that measures presence and severity of depression symptoms as listed in

the Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition (DSM-

IV).'ut Probable depression was defined as a score of greater than 13. The Trait portion

of the STAI is a 20 item self-completed questionnaire that measures individual

differences in anxiety proneness. Probable anxiety was defined as a score of gleater

than the 80th percentile. The Schizotypy Traits Questionnaire is a 37 item self-

completed questionnaire that measures the presence or absence of minor manifestations

of a psychotic disorder. Results rue expressed as a total score and three subscales;

magical ideation, unusual perceptual experiences, and paranoid ideation and

suspiciousness.

Handedness was assessed using the Edinburgh Handedness Inventory.36l This is a ten

item self-completed questionnaire that measures hand preference for ten everyday

activities. Handedness is calculated as a laterality quotient:
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Laterality quotient = rieht - left * 100

right + left

Right-handedness is defined as +30 to +100, ambidextrous is defined as -30 to +30 and

left-handedness is defined as -30 to -100.

2.5.3.4.1 Health related quality of life

HRQoL was assessed using the SF-36. The Australasian version of the SF-36 is a 36

item self-completed questionnaire that measures eight multi-item domains of perceived

HRQoL. The domains are: physical functioning (10 items), role limitation due to

physical problems (4 items), bodily pain (2 items), general health perception (5 items),

vitality (4 items), social functioning (2 items), role limitation due to emotional

problems (3 items) and mental health (5 items). Scores range from O (worst state) to

l0O (best possible state) for all domains. The SF-36 has been validated in 7,862 New

Zealanders.363

In addition to the SF-36 participants were asked questions to determine the presence or

absence of visual, hearing and speech impairments:

o Absence of a visual impairment was determined to be present if the answer to

the two questions concerning vision, "are you usually able to see well enough to

read ordinary newsprint without glasses or contact lenses?" and "can you see

well enough to recognize a friend on the other side of the street without glasses

or contact lenses?" was']es."
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Absence of a hearing impairment was determined to be present if the answer to

the question, "are you usually able to hear what is said in a group conversation

with at least three other people without a hearing aid?" was "yes'"

Absence of a speech impairment was determined to be present if the answer to

the question, "are you usually able to be understood completely when speaking

with strangers in your own language?" was "yes."

2.5.3.5 Data management

All data for psychological tests and HRQoL questionnaires were hand recorded onto

supplied forms. The scores of all psychological tests were calculated independently by

the psychologist and the author of this thesis. The raw data and calculated scores were

entered into a pre-vatidated Excel spreadsheet. The data for all participants were

checked in this spreadsheet to determine any possible transcription errors. At the end of

the study the Excel sheet was imported into an Oracle database-

The consent forms were sent to the CTRU, where it was recorded that the consent

forms had been received in Oracle, as a method of recording who had participated in the

study. This information was matched against the imported Excel spreadsheet to confirm

that the final Oracle dataset was complete.
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2.5.3.6 lntra-obseruer variabil ity

Intra-observer variability was decreased by using a structured interview format. The

psychological tests chosen in this study have all exhibited low intra and inter-obseryer

variability in the past. However prior to initiating the study the interview format was

trialled on a few volunteers, of similar age to participants, to lessen possible intra-

observer variability due to increasing familiarity with the tests on the part of the

Psychologist.

2.5.3.7 Ethieal approval

Ethical approval for the psychological and HRQoL follow-up study was given by the

Auckland Regional Ethics Committee.

2.5.4 Bone mass follow-up study

Recruitment, ethical approval and consent for the bone mass follow-up study were the

same as that for the psychological and HRQoL follow-up study. lnclusion and

exclusion criteria were also the same. However, female participants were also excluded

from the bone mass follow-up if they were attempting to conceive or were pregnant, but

were invited to take part after delivery.
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2.5.4.1 Sample size

Sample size calculations were based on the results of the pilot study. Assuming the

physiological follow-up study achieved a target recruitment of 400 participants, and

52Vo (2O8) of these lived in the greater Auckland region, it was estimated that it was

possible to recruit 200 participants into the study. This sample size would give

sufficient power to detect 3 to 47o differences between treatment groups for a number of

key endpoints (alpha=0.05, beta=0.2) [Table 2.4].t"

Table 2.4: Power calculations for key end points of the bone mass follow-up study.

Expected meantSD MinimumdetectableKey end points*

Total body BMD, gl" '
difference (7o)

0.03 (3)

L}-LAaBMD, gl"^'
Femoral neck aBMD, il" t

BMD=Bone mineral density, L2-L4=Second to fourth lumbar vertebrae, aBMD=Area bone

mineral density, SD=Standard deviation. *Data from GE Medical Systems, Madison, United

States of America.

2.5.4.2 Studyassessmenf

All participants were assessed in the Department of Endocrinology, Auckland Public

Hospital, from December 2AO2 to June 2OM. Assessments included:

l. Standing height using a fixed stadiometer.

2. Sitting height using a standard 50cm stool and a fixed stadiometer.3as

1.23{.08

r.26fi.r2 0.05 (4)

l.l lr0.r2 0.05 (4)
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3. DXA, using a Lunar DPX-L scanner (GE Medical Systems, Madison, United

States of America), of the following body regions:

a. Total body.

b. Lumbar spine.

c. Lrft femur. (The right femur was used if previous surgery to the left

femur had resulted in metal in situ at the site-)

2,5.4.9 Definition of variables from the bone mass follow'up study used in

the analyses

2.5.4.3.1 Body composition variables

Body composition variables were calculated from anthropometric data as follows:

r Upper segment length (cm) - Sitting height (cm) - 50cm

r Subischial leg length (cm) = Height (cm) - Upper segment length (cm)

c Z scores standardised for sex and peak body size at the end of childhood growth,

i.e. at age20, for weight, height, upper segment length, and subischial length

using the 2000 CDC growth charts3s

Total body BMC (g) and total body BMD (dcm') were obtained directly from the DXA

total body scan.
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2.5.43.2 Lumbar spine variables

Lumbar spine variables obtained directly from the DXA scan were:

o Second to fourth lumbar vertebrae (L2-lA) area (cm2).

o LZ-IA BMC (g).

c LT-lAarea (a)BMD (g/cm1.

Lumbar spine variables calculated from lumbar spine DXA data were:

o L2-L4 average volume (cm3) = (L2-lA areat3)*.I (Lz-lA area 13)

This calculation produces an estimate of lumbar vertebral volume from the two

dimensional DXA data, and assumes that an individual lumbar vertebra is a

perfect cube according to the method of Carter et a1.365 This assumption is valid

in a population of young adults as stress fractures are unlikely to have

compressed the shape of the lumbar vertebrae.

c l2-lA average volume (v)BMD (g/cm3) = (L2 - lll aBMD/3)
LT-LA average volume

2.5.43.3 Femoral variables

Femoral variables obtained directly from the DXA scan were:
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Femoral neck area (cm'), femoral neck BMC (g) and femoral neck aBMD

(g/"rnt).

Femoral trochanter area (cm2), femoral trochanter BMC (g), and femoral

trochanter aBMD (gl cmz).

Femoral shaft area (cm'), femoral shaft BMC (g), and femoral shaft aBMD

(glcmz).

o Total proximal femur area (cm2), total proximal femur BMC (g), and total

proximal femur aBMD (gl" ').

Femoral geometry was calculated by Dr Thomas Beck, Johns Hopkins Hospital,

Baltimore, United States of America, who undertook hip structural analysis (HSA) of

the raw femoral DXA data according to his method.36 The HSA program36T

implements a principle first described by Martin and Burr,368 that a line of pixels

traversing the bone axis in a bone mass image constitutes a projection of the

corresponding cross-section. Some of the strength-related dimensions of the cross-

section can be extracted from the distribution. The version used in this study averages

measurements for a series of 5 parallel mass profiles spaced I pixel apart (-l mm)

along the bone axis. Two analysis locations are used in the current work: the narrow-

neck cross-section centred across the narrowest point of the femoral neck, and the

femoral shaft located 1.5 times the minimum neck width distal to the intersection of the

neck and shaft axes. BMD, bone cross-sectional area (CSA), bone width (outer

diameter) and cross-sectional moment of inertia (CSMI) were measured directly from

the mineral mass distributions of the DXA scans using computer algorithms.36 Section

l2s



modulus (a measure of bending strength of bone) was calculated as CSMI divided by

the distance from the centre of mass to the medial or lateral bone margin, whichever is

greater. Assumptions of cross-sectional shape are not required for the above

measurements but are needed to estimate average cortical thickness.3u'The cortices of

the shaft and narrow neck regions were modelled as concentric circular annuli with

6O?o and, IAOVo of the measured mass in the cortex, respectively.'uu Th" ratio of bone

diameter to the modelled cortical thickness measure is termed a buckling ratio. This is

used to estimate conditions in osteoporotic bones where the cortices have become

structurally unstable.36e

2,5.4.4 Data management

All data from the DXA scans were stored using the software provided by the scanner

manufacturer until the completion of the study. Paper copies of all scans were stored at

the CTRU, The University of Auckland. At the end of the study the DXA data from all

paflicipants was imported into an Oracle database.

At the time of the scan a study log was completed by the bone densitometer technician

recording participants' height, standing height, whether any metal artefact was present

and which scans were undertaken. This study log was checked for transcription errors

and entered into an Oracle database. If data were missing or outside predetennined

ranges a data query was generated for the study team to address. The information
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concerning completed scans was matched against the imported DXA data to confirm

that the final Oracle dataset was complete.

2.5.4.5 Intra-observer variability

Intra-observer variability was decreased by daily calibration checks of the DXA

scanner.

2.5.4,6 Radiation exposune

The National Radiation Laboratory, Christchurch, assessed the radiation risk associated

with the DXA scans. The total effective dose of radiation was estimated at

approximately I microsievert. The lifetime risk of detriment for an adult with normal

Iife expectancy from an effective dose of this size is negligible (less than I in l0

million). As a perspective, the effective dose received by all persons living in New

7*aland each year from natural background radiation is about 2,000 microsieverts.

2.6 General statistical methods

Analyses were conducted using Statistical Analysis System (SAS) for windows version

8.02370 and S-Plus for windows version 6.1 software.3Tl Continuous variables were
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comp,ued with unpaired t tests or Mann-Whitney tests for parametric and non-

parametric data respectively. Categorical data were compared with Chi-squared (X2)

tests as appropriate. Variables with skewed distributions were log-transformed- If the

distribution remained skewed data are presented as medians. Data are presented as

means and SD, antilog-transformed geometric means (95Vo Cl), medians (interquartile

range (IQR)), or number (percentage). Differences for categorical and normal data are

presenred as relative risk (RR) (95Vo Cl) and difference between means (95Vo Cl),

respectively. Differences between logtransformed values are presented as a ratio of

geometric means (95Vo CI). If there is no significant difference between log-

transformed values the 95Vo CI of the ratio includes 1.372 Differences between skewed

continuous data are presented as difference between medians (95Vo Cl).373

Analyses were conducted on an intention-to-treat basis apart from the analysis

conducted in chapter 4. In chapter 4 the eight children who had been randomised more

than once during the same pregnancy were excluded from analysis- Their exclusion did

not change the results. Further statistical methods particular to individual chapters are

outlined in the chapter concemed.

Participants and all members of the Steroid follow-up study involved in tracing,

recruitment, assessment and analysis were unaware of the participants' in utero

exposure to betamethasone or placebo.
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The various sponsors had no role in study design, data collection, data analysis, data

inteqpretation, the writing of manuscripts or in the decision to submit manuscripts for

publication.
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3 Systematic review of antenatal glucocorticoid

use in preterm birth

3.1 Summary of chapter contents

This chapter reports the systematic review on the effects of antenatal glucocorticoids

undertaken for the Cochrane Collaboration.

3.2 Introduction

The first non-systematic review of antenatal glucocorticoids was published by Crowley

in 1981,135 with the first meta-analysis as part of a systematic review published in

1989.136 The most recent Cochrane systematic review of antenatal glucocorticoid use

was last substantially updated in January 1996.2 These three reviews, all conducted by

Crowley, confirm that antenatal glucocorticoids significantly reduce neonatal death,

RDS and IVH.
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However since the 1996 review of antenatal glucocorticoid use for the Cochrane

Collaboration2 there have been further RCTs.lao'la In addition, new data are available

on the effects of antenatal glucocorticoids in the presence of preterm rupture of

membranest2l and outcomes from infants undelivered >7 days after treatment.las

Furthermore, there exist a number of methodological problems with the 1996 review,

mainly because only one reviewer conducted it and because the methodology used by

the Cochrane Collaboration has changed over time.16

Despite the considerable short-term benefits that have been demonstrated with antenatal

glucocorticoid use there remain a number of outstanding issues regarding the use of

these treatments, namely: the risks and benefits of antenatal glucocorticoids in the

current era of neonatal practice, in women with premature rupture of membranes, in

women with hypertension syndromes, in multiple pregnancies and the long-terrn effects

of antenatal glucocorticoids on the exposed infants. It is hoped that a new review

utilising a complete intention-to-treat analysis of the Auckland Steroid Trial data (the

Auckland Steroid Trial data provided approximately one third of the data in the 1996

review) and incorporating the new RCT data will be able to address these outstanding

issues.
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3.3 Ghapter objectives

The objective of the chapter is to assess the effects on fetal and neonatal mortalily and

morbidity, on maternal mortality and morbidity, and on the child in later life, of

administering glucocorticoids to the mother prior to anticipated preterm birth.

3.4 Results

3.4.1 Description of studies included in the review

Twenty one studies involving 3,885 women and 4,269 infants met the inclusion criteria

and were subsequently included in the review [Table 3.1]. Six new studies have been

included since the 1996 review involving 802 women and 819 infants.l32l4Gl'14

Six of the included studies used dexamethasone as the glucocorticoid in the treatment

arm (1,391 women and 1,514 infants), while 14 studies used betamethasone (2476

women and 2,737 infants) and one study did not specify the glucocorticoid used (18

women and infants).374

The included studies were conducted over a wide range of gestational ages, including

extreme premarurity, ild occurred in settings common in most obstetric practices
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(premature rupture of membranes, spontaneous preterm labour and planned preterm

delivery).

The included studies came from a range of health care systems and treatment eras. Ten

were conducted in the United States of America, with two conducted in Finland and one

study from each of the following countries: Brazil, Spain, South Africa, Canada

Tunisia, United Kingdom, New Zealand, Jordan and The Netherlands. Six of the

included studies completed recruitment mainly in the 1970s (1,753 women and 1,994

infants), six mainly in the 1980s (1,100 women and 1,173 infants) and nine mainly in

the 1990s (1,032 women and 1,102 infants).

3.4.2 Methodological quality of studies included in the review

The methods of randomisation used in the included studies are summarised in Table .

3.1. Eight studies used computer generated or random number generated randomisation

sequences with either coded drug boxes/vials or sealed envelopes used in order to

conceal the randomisation sequence or study treatment. These studies were coded A'

adeguate, for allocation concealment. Twelve studies either did not state the method of

randomisation, or it was unclear, or the method of allocation concealment was not

stated, or unclear, and no further information was available from the authors. These

studies were coded B, unclear, for allocation concealment. In the remaining study,l2a a

major potential for bias was introduced by attaching a sealed envelope containing the

trial allocation to the coded drug boxes supplied to the study centres. This was to be
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opened "only in an emergency." There was no information available in the study

manuscripts or from the authors as to how many times this envelope was opened. Thus

this study was coded C, inadequate, for allocation concealment. Performance bias is

unlikely to have occurred in the studies included in this review but if it did it was most

likely to have occurred in those where allocation concealment was inadequate.

Thirteen of the included studies were placebo controlled (3,255 women and 3,626

infants), with the majority of these studies using normal saline or the vehicle of the

glucocorticoid preparation as the placebo. The remainder of the included studies used

expectant management in the control arm.

Eight of the included studies allowed weekly repeat courses of study medication in their

study protocols (821 women and 848 infants). These studies were included in the

review. However separate analysis of primary outcomes for those studies allowing a

single course of study medication and those studies allowing weekly repeat courses of

study medication was conducted post hoc.

In only six studies was evidence available to suggest that sample size calculations had

been performed prospectively.l2a 128l'fo t4r 3'ts3T6Intention-to-treat analysis was possible

from published data in only nine of the studies included in the review.l r25 t26132't34 t44

374 376 However in the remaining studies losses to follow-up were generally small and

<5Vo. There is no evidence to suggest that these exclusions occurred preferentially in

one treatment group. Follow-up data were included from the four studies,r 
t24 tn 376 that
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reported long tern fo[oru-up aft€r the neonatal period regadtress of the follow-up rate,

since there, was oo evidence of bias in follow-up rates benueen the trearment and contfol

groups,

T,'lrree studios that were included in the, 1996 review have been excluded fr,om this

u$ato. Two were sxcluded because af >2A% post raadomisation exclusions 330 377 'Ihe

thir'd was cxcludsd as it wa$ quasi-randomised.3?8
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Table 3.1: Characteristics of studies included in the svstematic review of antenatal

glucocorticoid use in preterm birth.

Studv l-o.i-]r
Methods Type of study: randomised controlled trial.

Method of treatment allocation: computer generated randomisation sequence with
randomisation code kept by the chief pharmacist. The pharmacy provided coded

drug boxes. Stratification: none stated.

Placebo: yes, same volume of similar appearing vehicle.
Sample size calculation: yes.

Intention-to-treat analyses: no.

Losses to follow-up: yes,2 (lVo) women in the placebo group dropped out after
randomisation.
Fundin g: Instituto Materno-In fantil de Pernambuco, B razil.

Participants Location: Instituto Materno-Infantil de Pernambuco. Recif'e, state of Pernambuco,
Brazil.
Timeframe: April 1997 to June 1998.
Eligibility criteria; women with severe preeclampsia, singleton pregnancy with a
live fetus and gestational age between 26 and 34 weeks. Likely minimal interval of
24 hours belween drug administration and delivery. Lung immaturity was confirmed
by the foam test in fetuses of 30 to 34 weeks.

Gestational age range: 26 to 34 weeks.
Exclusion criteria: indication for immediate delivery, diabetes, PROM, maternal
disease, congenital malformations, perinatal haemolytic disease, Group B
streptococcal i nfection.
Total recruited: 22O women and infants. | | 0 women and infants in each arm.

Interventions | 2mg betamethasone IM, repeated after 24 hours and weekly thereafter if delivery
had not occurred.
Control group received identical placebo.
Delivery was at 34 weeks or in the presence of maternal or fetal compromise in both
grouDs.

Outcomes Maternal outcomes (death, chorioamnionitis, puerperal sepsis, fever after trial entry
requiring antibiotics, intrapartum fever requiring antibiotics, postnatal fever,

admission to ICU, glucose intolerance, hypertension), fetal/neonatal outcomes (fetal

death, neonatal death, RDS, chronic lung disease, IVH, birth weight, Apgar score
<7, interval between trial entry and delivery, small for gestational age, admission to
NICU, need for mechanical ventilation/CPAP, duration of oxygen supplementation,
surfactant use, systemic infection in the lirst48 hours of life, proven infection while
in the NICU, necrotising enterocolitis), childhood oulcomes (death, developmental
delay, cerebral palsy) and health service outcomes reported (length of antenatal
hospitalisation for women, length of postnatal hospitalisation for women, length of
neonatal hospitalisation).

Notes Further information obtained from the authors, including substantial unpublished
data.

Allocation
concealmenl

Studv Blo"
Methods Type of study: randomised controlled trial.

Method of treatment allocation: computer generated randomisation sequence. Coded
drug boxes were provided. Stratification: none stated.

Placebo: yes, normal saline.
Sample size calculation: no.
Intention-to-treat analyses: no.
Losses to follow-up: yes, 14 ( l07o) women delivered elsewhere and were lost to
foflow-up. 6 (4%\ women were excluded from analyses as they failed to complete
the protocol.
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F""dt"gt S.h".t"g C"rporation, Kenilworth, New Jersey, USA; and The Upjohn

Kalamazoo, Michigan, USA.

Participants Loc-ution.D"pan*"ntofGyn".o|ogyandobstetricsattheUniversityofoklahoma
College of Medicine, Oklahoma City, Oklahoma' USA.
Timeframe: not stated in manuscript, the study is coded as | 970s for the review.

Eligibiliry criteria: women with preterm labour and PROM.

Gestational age range: not stated.

Exclusion criteria: not stated.

Total recruited: the number randomised to each group is not stated. Data are

avaitable on I l4 infants:60 infants in the treatment arm and 54 infants in the

control arm.

Interventions I Zmgteranre,thasone IM repeated after 24 hours if delivery had not occurred'

Contiol group received I ml normal saline IM repeated after 24 hours if delivery had

not occurred.
Ifthere was evidence ofprogressive cervical dilatation an alcohol infusion was

given in order to attempt to delay delivery for at least 48 hours. In women with

PROM delivery was induced if serial white blood cell counts or temPeratures

became elevated less of time e since drus administration.

Outcomes FetaUneonatat outcomes reported (fetal death, neonatal death, RDS, need for
mechanical ventilation/CPAP).

Notes @( l 25mg merhylprednisolone IM repeated after 24

hours ifdelivery had not occurred). The data for the review reports the

betamethasone and control arms only. Overatl data were available for 150 living

infants, of whom | 28 were preterm. Further information was requesled from the

authors but there was no reply.

Allocation
concealmenl

Methods Type of study: randomised controlled trial.
Method of treatment allocation: method of randomisation not stated. Stratification:

none stated.
Placebo: no.

Sample size calculation: no.

Intention-to-treat analyses: yes.

Losses to follow-up: no.

Fundine: FIS: Perinatal Section of SEGO.

Parricipants Location: Hospital Clinic, University of Barcelona, Spain.

Timeframe: I987 to 1990.

Eligibility criteria: women with PROM.
Gestational age range: 28 to 30 weeks.

Exclusion criteria: none stated.

Total recruited: l8 women and infants; l2 women and infants in the treatment afm

and 6 women and infants in the conrrol arm.

Interventions Type and dose of gtucocortiboid used in the treatment group is not stated.

Conuol group received expectant management.

Outcomes
Notes

FetaUneonatal outcome RDS).

@abstract.FurtherinformationwasrequeStedfromthe
authors but there was no rerrlv.

Allocation
concealment

Study Car

Type of study: randomised controlled trial.
Method of treatment allocation: method of randomisation not stated. Stratification:

none stated.
Placebo: no.

Sample size calculation: no.

Intention-to-treat analyses: no.

Methods

Losses to 2 (\Vol infants with documented
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(l7%o) women with subsequent sealed membranes were not analysed.
Funding: not stated.

Participants Location: University of South Florida Medical School, Tampa, Florida, USA.
Timeframe: not stated in manuscript, the study is coded as | 990s for the review.
Eligibility criteria: women with PROM.
Gestational age range: 24 to 34 weeks.

Exclusion criteria: not stated.
Total recruited: the number randomised to each group is not stated. Data are

available on 24 women and infants; | 3 women and infants in the treatment arm and

I I women and infants in the control arm.

Interventions l2mg betamethasone IM repeated after 24 hours and weekly thereafter until
delivery or 34 weeks.
Control group received expectant management.

Outcomes Maternal outcome (chorioamnionitis), fetaUneonatal outcomes (RDS, birth weight,
days of mechanical ventilation/CPAP) and health service outcomes reported (days

in NICU, neonatal days in hospital, neonatal hospital cost). However due lo lack of
SD data only chorioamnionitis and RDS data were included in the review.

Notes This study included a third arm ( l2mg betamethasone IM 24 hourly for 2 doses and

4Oomcg methylprednisolone IV 8 hourly fbr 6 doses repeated weekly until delivery
or 34 weeks. The data for the review reports the betamethasone and control arms
only. Further information was requested from the authors but there was no reply.

Allocation
concealmenl

Studv CoU

Methods Type of study: randomised controlled trial.
Method of treatment allocation: method of randomisation not stated. Coded drug
boxes with sequentially numbered vials containing study drug were used. A sealed

envelope containing the identity of the contents of was attached to each vial "to be

opened in case of emergency only." The manuscripts do not state how often these

were opened. Stratification: yes, within each hospital.
Placebo: yes, identical appearing.
Sample size calculation: yes.

Intention-to-treat analyses : no.
Losses to follow-up: yes,2 (OVo) infants in the control arm were lost to RDS follow-
up as neonates and 240 (377o) children w€re lost to follow-up at age 3 (124 in the
treatment arm and I I6 in the control arm).
Funding: National Institutes of Health, USA.

Participants Location: 5 university hospitals in the USA.
Timeframe: March 1977 to March 1980.
Eligibility criteria: women at high risk of preterm delivery. US ratio <2.0 in cases of
uncertain gestation, hyperthyroidism, hypertension, placental insufficiency, drug
addiction, methadone use or gestational age >34 weeks.
Gestational age range: 26 to 37 weeks.
Exclusion criteria: >5cm of cervical dilatation, anticipated delivery <24 hours or >7
days, intrauterine infection, previous glucocorticoid treatment, history of peptic
ulcer disease, active tuberculosis, viral keratitis, severe fetal Rh sensitisation, infant
unlikely to be available for follow-up.
Total recruited: 696 women and757 infants: 349 women and 378 infants in the

treatment arm and 347 women and 379 infants in the control arm.

Interventions 4 doses of5mg dexamethasone phosphate IM l2 hours apart.
Control grouD received placebo.

outcomes Maternal oulcomes (postnatal fever), fetal/neonatal outcomes (fetal death, neonatal

death, RDS, birth weight, interval between trial entry and delivery, systemic
infection in the first 48 hours of lit'e, proven infection while in the NICU,
necrotising enterocolitis), childhood outcomes (death, lung function, developmental
delay, intellectual impairment, cerebral palsy) and health service outcomes were

reported (length of neonatal hospitalisation).
Notes

Allocation
Further information was requested from the authors but there was no reply.
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concealment

Methods Type of study: randomised controlled trial.
Method of treatment allocation: computer generated randomisation' Sequentially

numbered envelopes were used. Stratification: yes, by hospital.
Placebo: yes, normal saline.
Sample size calculation: yes.

Intention-to-treat analyses: no.

Losses to follow-up: yes,7 (37o) women and infants were excluded from analysis (3

women did not have PROM, 2 women were <26 weeks at randomisation, I woman

received offprotocol glucocorticoid, a neonatal bed was not available in I case).

Funding: Medical Research Council, South Africa; Donmed Pharmaceuticals, South

Africa.
Participants Location: 6 hospitals in South Africa.

Timeframe: not stated in the manuscripts, the study is coded as l99Os for the

review.
Eligibility criteria: women with PROM between 28 to 34 weeks or with an

esrimated fetal weight of 1,000 to 2,fiDg if the gestational age was unknown.

Gestational age range: 28 to 34 weeks.

Exclusion criteria: cervical dilatation >4cm, evidence of infection, evidence of
antepartum haemorrhage, <19 years old.
Total recruited: 204 women and 208 inf'ants; 102 women and 105 infants in the

treatment arm and 102 women and 103 infants in the control arm-

Interventions 2 doses of l2mg dexamethasone IM 24 hours apart.

Control group received placebo.
All women also received ampicillin, metronidazole and hexaprenaline if
contracuons were within <24 hours of enrolmenl.

Outcomes Materral outcomes (maternal death, chorioamnionitis, puerperal sepsis, postnatal

fever), fetal/neonatal outcomes reported (fetal death, neonatal death, RDS, IVH'
birth weight, need for mechanical ventilatior/CPAP, systemic infection in the first
48 hours oflife, necrotising enterocolitis).

Notes Authors supplied additional data.

Allocation
concealment

Methods Type of study: randomised controlled trial.
Method of treatment allocation: method of randomisation not stated. Coded drug

boxes were provided. Randomisation code was kept on file at the Pharmacy

Department of Toronto General Hospital. Stratification: yes, by gestational age into

two subgroups;24 to 32 weeks and 33 to 34 weeks.

Placebo: yes, vehicle of steroid preparation consisting of 0.2mg benzalkonium

chloride and 0. I mg disodium edentate per millilitre.
Sample size calculation: no.

Intention-to-treat analyses: yes.

Losses to follow-up: no.

Funding: The Hospital for Sick Children Foundation, Canada; Schering

Corporation, Canada; Ontario Ministry of Health Provincial Research Grant PR 279,

Canada.
Participants Location: 6 teaching hospitals in Toronto. Canada.

Timeframe: January 1975 to June 1978.

Eligibility criteria: women with PROM, spontaneous preterm labour or planned

elective preterm delivery.
Gestational age range: 24 lo34 weeks.

Exclusion criteria: women with preeclampsia or in whom sleroids were

contraindicated on medical grounds.

Totalrecruited: 137 women and t44 infants;75 women and 8l infants in the

treatment arm and 62 women and 63 infants in the control arm.

4 doses of 3mg betamethasone acetate and 3mg betamethasone sodium phosphateInterventions
IM 12 hours apart.
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Control sroup received 4 doses of identical

Outcomes Fet"Un*""t"t outiomes were reported (fetal death, neonatal death, RDS'

ieht, days of mechanical ventilation

Notes
Allocation
concealment

Shrdv Fekih
Methods Type of study: randomised controlled trial.

M"tt oO of treatmenf allocation: method of randomisation not stated. Stratification:

none stated.
Placebo: no.

Sample size calculation: no.
Intention-to-treat analyses: no.

Losses to follow-up: yes, number of post-randomisation exclusions not stated.

Participants Location: C. H. U. Farhat Hached, Sousse, Tunisia.
Timeframe: January 1998 to June 1999.

Eligibility criteria: women in preterm labour.
Gestational age range: 26 to 34 weeks.

Exclusion criteria: gestational diabetes, >4cm cervical dilatation, fetal

abnormalities, contraindication to glucocorticoids, delivery elsewhere or after 34

weeks (posrrandomisation excl usions).

Total recruited: I 18 women and l3l infants;59 women and 63 infants in the

treatment arm and 59 women and 68 infants in the control arm.

neonatal death. RDS. IVH).
Notes ntti"t" in fte*tt, aUstract in English. Article translated by reviewers. Further

information was re

Allocation
concealment

Interventions 2 doses of 12 mg betamethasone IM 24 hours apart'

Co
is, postnatal fever) and fetal/neonatal outcomes

Methods Type of study: randomised controlled trial'
Method of treatment allocation: method of randomisation not stated. Stratification:

yes, by hospital.
Placebo: yes, vehicle of betamethasone prep:uation.

Sample size calculation: no.

Iniention-t}-treat analyses: yes.

Losses to follow-up: no.

Funding: Glaxo Group Research Ltd, Greenford' Middlesex'

Location: I I hospitals in the UK.
Timeframe: mid 1975 to February 1978.

Eligibility criteria: women with spontaneous or planned preterm delivery'
Gestational age range: <34 weeks.

Exclusion criteria: contraindication to glucocorticoids, contraindications to

postponing delivery, diabetes, suspected intrauteri ne infection.
Total recruited: 251 women and 268 infants; 126 women and l3l infants in the

Participants

treatment arm and | 25 women and 137 infants in the control arm.

Interventions 6 doses of4mg betamethasone phosphate IM 8 hours apart.

Control group received 6 doses of placebo.

All women with labour received IV salbutamol'

Outcomes f"Wneon.atat outcomes reported (fetal death, neonatal death, RDS, IVH, birth

weight, systemic infection in the first 48 hours of life)-

Allocation
concealmenl
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Methods Type of study: randomised controlled trial'
M"tfr"a of fealment allocation: random number table generated randomisation

sequence by pharmacy. The pharmacy provided consecutive sealed envelopes-

Stratifi cation : none stated.

Placebo: yes, normal saline.

Sample size calculation: no.

Intention-to-treat analYses: no.

Losses to follow-up: yes,5 (7Vo) women delivered elsewhere and were lost to

fotlow-up (4 in treatment arm and I in control arm)'
Beach Memorial Foundation, USA.

Participants Lr*tt""r Lr"g B"".h Memorial Women's Hospital, California' USA'

Timeframe: December 1984 to May 1990.

Eligibiliry criteria: women likely to deliver between 24 hours and 7 days with

spontaneous preterm labour or planned preterm delivery.

Cestational uge t"ng", 24 to 27$ weeks.

Exclusion criteria: PROM, clinical or laboratory evidence of infection,

contraindication to or previously given glucocorticoids, diabetes'

Total recruited: 76 women and 82 infants; 37 women and 40 infants in the treatment

arm and 39 women and42 infans in the control arm.

Interventions ot"t of Otttg f.tum"tnuson" u.eur" and 6 mg betamethasone phosphate IM 24

hours apart, repeated weekly if still <28 weeks and thought likely to deliver within

the next week.
Control group received 2 doses ofplacebo.
Women undelivered after 28 weeks and I week post their last dose of study

Outcomes

medicationwereal|owedg|ucocorticoidsatthe@
tvt"ten"t o,rtc"."<chorioamnionitis, puerperal sepsis), fetal/neonatal outcomes

reported (fetal death, neonatal death, RDS, chronic lung disease, IVH'.birth weight,

Apgar <7, need for mechanical ventilarion/cPAP, duration of mechanical

ventilatior/CPAP, proven neonatal infe"rron *hile in NICU).

Notes It is not stated how women received

A
off

Allocation
concealment

Methods Type of study: randomised controlled trial.
M"*oO of treatment allocation: method of randomisation not stated' Stratification:

yes, according to gestation al age (24 to 27 .9 weeks and 28 to 3 | .9 weeks) at each

hospital.
Placebo: yes, normal saline.
Sample size calculation: yes.

Intention-to-treat analyses: yes.

Losses to follow-up: yes, l0 ( I I 7o) children in the follow-up study at age 2 (2 in the

ueatment arm and 8 in the control arm).

Funding: Foundation for Pediatric Research, Finland; Orange County Infant Care

Specialists, Finland; The Orion Corporation Research Foundation, Finland;

Instrumentarium Corporation Research Foundation, Fintand; Arvo and Lra Ylppo

Foundation, Finland; Rinnekoti Foundalion, Finland; and Organon Company, Oss,

The Netherlands.

Participants Location: 5 hospitals in Finland.
Timeframe: April 1989 to October 1991.

Eligibility critiria: women with preterm labour or threatened preterm delivery due

to preeclampsia.
Gestational age range: 24 to 3l.9 weeks'
Exclusion criteria: rupture of membranes, chorioamnionitis, congenital

abnormalities, p.ou"n lung maturity, insulin treated diabetes, previously treated wiih

glucocorticoids.
iotal recruited: 157 women and 189 infants; 77 women and 95 infants in the

trealment arm and 80 women and 95 infants in the control arm'
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Interventions 4 doses of6mg dexamethasone sodium phosphate IM l2 hours apart.

Control group received 4 doses ol'placebo.
Rescue treatment with exogenous human surfactant was given to infants born 24 to

33 weeks, who at 2 to 24 hours of age required mechanical ventilation with >40%

oxygen for RDS.

Outcomes Mutrrnul outcome (chorioamnionitis), fetal/neonatal outcomes (fetal death, neonatal

death, RDS, chronic lung disease, M, birth weight, surfactant use, necrotising

enterocolitis, small for gestational age) and childhood outcomes reported (death,

neurodeve ntal del

Efficac), analysrs restdcted to 9 | infants in treatment arm and 88 infants in control

arm. 3 infants excluded for protocol violations ( | mother with twins in placebo arm

was given glucocorticoid, I infant in the treatment arm developed RDS but was nol

given surfactant as it was nol avaitable) and 6 infants were excluded because of
congenital malformations ( 2 treatment, 4 placebil

Allocation
concealment

Methods Type of study: randomised controlled trial.
Method of treatmenl allocation: random number table generated randomisation

sequence by clinical research nurse uninvolved in clinical care. Sequentially number

sealed opaque envelopes used. Stratification: none stated.

Placebo: no.

Sample size calculation: no.

I ntention-to-treat analys€s : no.
Losses to follow-up: yes,2 (27a) women left hospital after randomisation and were

lost to follow-up (one women in each arm).

Funding: not stated.

Participants Locatiofi Louisiana State University Medical Center, Shreveport, Louisiana, USA.

Timeframe: not stated in manuscript, the study is coded as 1990s for the review.

Eligibility criteria: women with singleton pregnancies and PROM. Women were

randomised 12 to 24 hours after receiving IV ampicillin-sulbactam'
Gestational age range: 24 to 34 weeks.
Exclusion criteria: evidence of infection, vaginal examination, cerclage, allergic to
penicillin, contraindication to expectant management, lung maturity confirmed by

[^/S ratio if 32 weeks or more.
Total recruited: 79 women and infants; 39 women and infants in the treatment arm

and 40 women and infants in the control arm.

Interventions l2mg IM betamethasone repeated at 24 hours and weekly if the women had not

delivered.
Control group received expectanl management.

Outcomes Maternal outcomes (chorioamnionitis, puerperal sepsis), fetaUneonatal outcomes

(neonatal death, RDS, lVH, birth weight, Apgar <7, interval between trial entry and

delivery, admission to NICU, surfactant use, proven neonatal infection while in
NICU, necrotising enterocolitis) and health service outcome reported (length of
neonatal hospitalisation).

Notes

Allocation
concealment

Studv Auckland Steroid Trial (Liggins)

Methods Type of study: randomised controlled trial.
Method of treatment allocation: random number table generated randomisation
sequence by chief pharmacist. Pharmacy provided coded drug ampoules containing

lreatment or placebo. Stratification: no.

Placebo: yes, of identical appearance.

Sample size calculation: no.
Intention-to-treat analyses : yes.

Losses to follow-up: yes, 54 ( l87o) children in the follow-up study at ages 4 to 6 (3 |

in the treatment arm and 23 in the control arm
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f,-aing" Post-graduate School of Obstetrics and Gynaecology, Auckland, New

Tnaland:Glaxo Limited, Palmerston North, New Tnaland World Health

Organisation, Geneva, Switzerland.

Participants Location: National Women's Hospital, Auckland, New Zealand.

Timeframe: December 1969 to February 1974.

Eligibility criteria: women with lhreatened or planned preterm delivery.

Gestational age range: 24 to 36 weeks.

Exclusion criteria: imminent delivery, contraindication to glucocorticoids.

Totalrecruited: ll42 women and l2l8 infants;560 women and 601 infants in the

treatment arm and 582 women and 617 infants in the control arm.

Interventions @ fhosphate and 6 mg betamethasone acetate IM 24

hours apart. After the first 7 | 7 women had enrolled the treatment intervention was

doubfed to 2 doses of l2 mg betamethasone phosphate and l2 mg betamethasone

acelate IM 24 hours apart.
Control group received 6 mg cortisone acetate, which has l/70s of the

glucocorticoid potency of the betqlnethasone

Outcomes tutaternal ourcome tchorioamnionitis), fetal/neonatal outcomes (fetal death, neonatal

death, RDS, IVH, birth weight, Apgar score <7, interval between trial entry and

delivery. proven infection while in NICU) and childhood outcomes reported (death'

weight, height, head circumference, lung function, intellectual impairment, cerebral

palsv).

Notes ffio-reatana|ysisofthecomp!etestudyandadditiona|
outcome data from original individual study records.

Allocation
concealmenl

Methods Type of study: randomised controlled trial.
Method of treatment allocation: method of randomisation not stated. Sealed

envelopes were used. Stratification: none stated.

Placebo: no.
Sample size calculation: no.

Intention-to-treat analyses: no.

Losses to follow-up: no.
Funding: not stated.

Participants Location: 3 hospitals in Florida, USA.
Timeframe: January 1986 to March 1988.

Eligibility criteria: women with singleton pregnancies with PROM.
Cestational age range: 26 and 34 weeks.

Exclusion criteria: PROM < I 2 hours before onset of labour, uterine tenderness, foul

smelling lochia, fetat tachycardia, allergy to penicillin, congenital abnormalities,

US ratio 2 or more, unable to obtain an US ratio, Dubowitz assigned gestational

age different tiom obstetric assessment by 3 weeks (post-randomisation exclusion).

Total recruited: 165 women and infants: 87 women and infants in the treatment arm

and 78 women and infants in the control arm.

Interventions Four treatment arms. Group l, expcctant manage ment. Group 2, expectant

management plus 2 doses of l2mg betamethasonelM24 hours apart, rep€ated

weekly if the women remained undelivered. Croup 3, expectant management plus

29 ampicillin IV every 6 hours until cervical cultures were negative. Croup 4,

combination of group 2 and 3 managemenl. Croups 2 and 4 were combined in the

trealment arm for the review and groups I and 3 were combined in the control arm

for the review.

Outcomes Mionitis),fetal/neonata|outcomesreported(neonata|
death, RDS, chronic lung disease, IVH, birth weight, proven neonatal infection

while in NICU, nsgletising enterorcolitis, duration of mechanical ventilation/CPAP).

Notes Furtner information requested liom au*tors but there was no reply. No information

Allocation
concealment

was available on post-randomisation exclusions.
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Studv Nelson
Methods Type of study: randomised controlled trial.

Method of neatment allocation: random number table generated randomisation
sequence with consecutive sealed envelopes used. Stratification: none stated.

Placebo: no.

Sample size calculation: no.

Intention-to-treat analyses r yes.

Losses to follow-up: no.

Fundine: not stated.

Participants Location: Wake Forest University Medical Center, North Carolina, USA.
Timeframe: not stated in manuscript, the study is coded as 1980s for the review.

Eligibility criteria: women with PROM.
Gestational age range: 28 and 34 weeks.

Exclusion criteria: fetal distress, active labour, cervical dilatation >3cm, sensitivity
to tocolytics, PROM >24 hours, existing infection.
Total recruited: 44 women and infants; 22 women and infants in each arm.

Interventions Three treatment arms. Group 1,2 doses of 6mg or 12 mg betamethasone IM 12

hours apart, delivery 24 to 48 hours alier PROM and after 24 hours of
glucocorticoid therapy. Group 2, delivery 24 to 48 hours after PROM. Group 3,

exDectanl management. Group 3 was not included in the review.

Outcomes Fetal/neonatal outcomes (neonatal death, RDS, proven neonatal infection while in
NICU) and health service outcome reported (length of neonatal Itpqp44!g!!94-

Notes Authors provided further information.

Allocation
concealment

A

Methods Type of study: randomised controlled trial.
Method of treatment altocation: method of randomisation not stated. Stratification:
none stated.
Placebo: no.

Sample size calculation: no.

Intention-to-treat analyses: yes^

Losses to follow-up: no.
Funding: not stated.

Participants Location: University of Illinois, Chicago, USA.
Timeframe: not stated in.manuscript, the study is coded as 1980s for the review.

Eligibiliry criteria: women with PROM and <4 cm of cervical dilatation.
Gestational age range: 25 to 32 weeks.

Exclusion criteria: infection. fetal distress. fetal anomalies, contraindication to
tocolysis.
Total recruited: 45 women and infants: 23 women and infants in the treatment afm

ancl22 women and infants in the control arm.

Interventions Z Ooses of I Zmg betamethasone IM | 2 hours apart repeated weekly until 32 weeks.

Control group received expectant management.

Outcomes Fetal/neonatal outcomes reported (f'etal death, neonatal death, RDS, systemic

infection in the first 48 hours of life, proven neonatal infection while in NIQUI-

Allocation
concealment

Methods Type of study: randomised controlled trial.
Method of treatment allocation: random number table generated randomisation
sequence. Allocation concealment unclear. Stratification: none stated.

Placebo: no.

Sample size calculation: no.

Intention-to-treat analyses: yes.

Losses to follow-up: no.

Funding: not stated.
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Participants Location: 2 military hospitals in Jordan.

Timeframe: January 1997 to February 1999.

Eligibility criteria: women with singleton pregnancies and PROM'

Gestational age range: 27 to34 weeks.

Exclusion criteria: lethal congenital anomaly, t'etal death, infection' expected

delivery within l2 hours.
Total recruited: 137 women and infants; 72 women and infants in the treatment arm

and 67 women and infants in the control arm.

Interventions @e IM 12 hours apart, repeated if women had nol

delivered after I week.
Co

ionitis,puerperalsepsis),fetaVneonata|outcomes
(fetal death, neonatal death, RDS, IVH, proven neonatal infection while in NICU'

necrotising enterocolitis, Apgar <7) and health service outcome reported (length of
neonatal hospitalisation).

Notes n but no reply' Discrepancy in number of
infants with necrotising enterocolitis in manuscri

BAllocation
concealment

Methods Type of study: randomised controlled trial.
M"tnoa of feafmenf allocation: method of randomisation not stated. Coded drug

ampoules were provided. Ran<Jomisation code was only known to pharmacist'

Stratification: none stated.

Placebo: yes, normal saline.
Sample size calculation: no.

Intention-to-treat analYses: no.

Losses to folfow-up: yes, l2 (l2vo) chrldren in the follow-up study at ages l0 to 12

(4 in the treatment arm and 8 in the control arm) and 2l (Zlflo) adults in the follow-

up study at age 20 ( l0 in the treatment arm and I I in the control arm)'

Funding: Dutch Foundation for Research on Prevention (Praeventiefonds Project

Participants

28-l 145), The Netherlands.

@ and Gynaecology and Department of
Neonatology, Wittt"t*inu Gasthuis, University of Amsterdam, Amsterdam, The

Netherlands.
Timeframe: April 1974 to April 1977.

Eligibility critiria: women with preterm ldbour in whom it was possible to delay

delivery by at least l2 hours.
Cestational age range: 26 to 32 weeks-

Exclusion criteria: no contraindications to the use of glucocorticoids or ociprenaline

(insulin-treated diabetes, hyperthyroidism, infection, severe hypertension, cardiac

disease, marked fetal growth retardation or fetal distress).

Total recruited: l0l women and t23 infants;50 women and 65 infants in the

treatment arm and 5l women and 58 infants in the control arm.

Interventions g betamethasone acetate IM repeated after24

hours.
Control group received an identical placebo.

All women received oci infusion and bed-rest until 32 weeks.

Outcomes nionitis, puerperal sepsis, fever after trial entry

requiring antibiotics, inlrapartum fever requiring antibiotics, Postnatal fever,

admission to ICU, side effects of therapy), fetal/neonatal outcomes (fetal death,

neonalal death, RDS, IVH, birrh weight. Apgar score <7), childhood outcomes

(weight, height, head circumference, lung function, visual impairment, hearing

impairment, inrellectual impairment, cerebral palsy, behavioural/learning

difl"iculties) and adulthood outcomes were reported (weight, height' head

circum nt. age at

tnitiat stuay report in"luded a third arm of women and infants who had been

excluded from randomisation, these women and infants are not included in the

review.

r45



Allocation
concealment

Methods Type of study: randomised controlled trial.
M"*roA of featment allocation: computer generated randomisation sequence used'

Pharmacy provided identical syringes labelled with the woman's study number.

Stratification: none stated.

Placebo: yes, normal saline.

Sample size calculation: Yes.
Intention-to-treat analYses: no.

Losses to follow-up: 124 women initially recruited, of whom 49 (40Va) remained

undelivered after 29 weeks and were not included in the review'

Funding: not stated.

Participants t-ocatiorr. t{orthwestern Uniwrsity Mcdical School, Chicago, Illinois, USA.

Timeframe: April 1990 to June 1994'

Ef igibility criteria: women at risk of delivery between 24 to 29 weeks.

Gestational age range: 24 to 29 weeks.

Exclusion criieria: infection, maternal or fetal indications for urgent delivery'

Total recruited: 75 women and 96 infants; 39 women and 54 infants in the treatment

arm and 36 women and 42 infants in the control arm.

Interventions Toos"r ors.g o"^uttremuso"e IM 12 hours apart, repeated weekly if the women

remained undelivered.
Control group received placebo.

Outcomes

All infants born <30 weeks received surfactant at birth.

ffinitis,puerperalsepsis)andfetal/neonata|outcomes
reporred (neonatal dearh, RDS, chronic lung disease, IVH, small for gestational age,

birth weieht, necrotising enterocol itis
were eligible for glucocorticoid outside

the study protocol. These women and their infants ar€ not included in the review as

it was not'possible to separate out control women who subsequently received

Allocation
concealmenl

Taeusch

Methods Type of study: randomised controlled trial.
Metnod of treatment allocation: method of randomisation not stated. Coded drug

boxes used. Stratification: yes, by gestational age at entry.

Placebo: yes, normal saline.
Sample size calculation: Yes.
Intention-to-treal analYses: n().

Losses to follow-up: yes, data not available for maternal outcomes on 4 women (2

in each treatment arm).
Fundins: not stated.

Participants Location:2 hospitals in Boston, USA.
Timeframe: January 1975 to March 1977.

Eligibiliry criteria: women with preterm labour, PROM or with cervical dilatation

<5cm at 33 weeks or less and women with an US ratio <2 if >33 weeks or who had

a previous infant with RDS.
Gestational age range: not stated.

Exclusion criieria: indication for immediate delivery, obstetrician objection,

preeclampsia, previously received gl ucocorticoids.
Toral recruited: 122 wome n and 127 infants; 39 women and 54 infants in the

treatment arm and 36 women and 42 infants in the control arm'

Interventions 6 doses of4mg dexamethasone phosphate IM 8 hours apart'

Control sroup received

ar ourcot""*p@ trial entry requiring antibiotics) and

fetauneonatat outcomes reporred (fetal death, neonatal death, RDS, chronic lung
Outcomes

disease, IVH, proven neonatal inf""!to!l!!!lgjn NIC
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Notes Authors contacted for further information but there was no

Allocation
concealment

B

Methods Type of study: randomised controlled trial.
M.CIoO of triatmenr allocation: method of randomisation not stated. Coded drug

boxes used. Stratification: none stated

Placebo: yes, normal saline.

Sample size calculation: no.

Intention-tG.treat analyses : yes.

Losses to follow-up: no.

Fundine: not stated.

Location: University of Helsinki, Finland.
Timeframe: nor stared in manuscript, the study is coded as 1980s for the review.

Eligibility criteria: women with preterm labour and cervical dilatation <4cm without

progression oflabour upon initial observation ofup to l2 hours'

Cestational age range: 28 to 35 weeks'

Exclusion criteria: preeclampsia, diabetes'

Total recruired: 74 women and 80 infants; 36 women and 38 infants in the treatment

arm and 38 women and 42 infants in the control arm.

Interventions 2 doses of I 2mg betamethason e lM 74 hours apart'

Control group received placebo. ,,. - , .

Outcomes Fetavneonatal outcomes RDS. HPA axis function).

Notes

pROM=Premature rupture of membranes, IM=lntramuscular, ICU=lntensive care unit'

RDS=Respiratory distress syndrorne, NICU=Neonatal intensive care unit, CPAP=Continuous

positive 
- 
airways Pressure, SD=standard deviation, Rh=Rhesus, IV=Intravenous,

ilpe=Uypothalamic-pituitary-adrenal. Allocation concealment; A=Adequate; B=Unclear;

C=Inadequate.

Allocation
concealment

3.4.3 Meta-analysis

g.4.g.1 Antenatal glucocorticoids versus placebo or no treatment (results

for all included studies)

3.43.f.1 Primary outcomes

Data were not available for all primary outcomes from all included studies.
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31.3.7.7,7 Far the mother

No statislically significant ditferences otw,een those treat€d with antenatal

glucoconicoids and con-trols werc se€n for maternal death, chorioarnnionitis or

puerperal sepsis [Figures 3.1 to 3.3J'

Figure 3.1: Effect of,anlenatal glucocorticoids on maternal death'
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Figure 3.Z:Ffifwtof antenatal gNucocofiicoids on matefnal chorioamnionirr"s'
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Figure 3.3: Effect of antenatal glucocorticoids on maternal puerperal sepsis'
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3.4.3.1.1.2 For the fetus and neonale

Treatment with antenatal glucocorticoids was associated with an overall reduction in

combined fetal and neonatal death (RR=0.77, 95Vo Cl={.67 to 0.89, 13 studies, 3,627

infants) lFigure 3.4]. This reduction is mainly due to a reduction in neonatal death

(RR=0.69, 957o Cl=0.58 to 0.81, 18 studies,3,956 infants) [Figure 3'5], rather than

with fetal death [Figure 3.6]. Treatment with antenatal glucocorticoids was also
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associated with an overall reduction in RDS (RR=O.66' 95Vo Cl=O.59 to O.73, 2I

studies,4,038 infants), moderate to severe RDS (RR=0-55,95Vo CI=0'43 to 0'71,6

studies, 1,686 infants) [Figure 3.7], WH (RR=0.54, 95Vo CI=0.43 to 0.69, 13 sfidies,

Z,B71infants) and severe tVH (RR=0 .28,95Vo CI=0.16 to 0.50, 5 studies, 572 infants)'

The reduction in IVH was seen both in cases diagnosed at autopsy (RR=O.48, 957o

CI=0.29 to 0.79, 5 studies, 1,846 infants) and by ultrasound (RR=0.58, 95Vo C14.44 to

A.77, j studies, 889 infants) [Figure 3.8]. No statistically significant differences

between those exposed to antenatal glucocorticoids and controls were seen for CLD or

birth weight [Figures 3.9 and 3.10].

Figure 3.4: Effect of antenatal glucocorticoids on combined fetal and neonatal death.
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FigUre 3.5: Effeet of antenat-al glucocorticoids on neonatal death'
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Figure 3"6: Eff'ect of aotenatal glucocorticoids on foral death-
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Figpre 3.7: Effect of anrcuatal glucocorticoids on nEonatal respiraory distress

syndrome.
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Figure 3.8: Effect of antenatal glucocorticoids on intraventricular haemorrhage.
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Figure 3.9: Effect of antenatal glucocorticoids on neonatal chronic lung disease.
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FigUre 3.10: Effect of antenatal glucocorticoids on birth weight.
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3.4.3.L1.3 For the chilil

No statistically significant differences between those exPosed to antenatal

glucocorticoids and controls were seen for death in childhood or neurodevelopmental

delay [Figures 3.ll and 3.121.

Figure 3.ll: Effect of antenatal glucocorticoids on death in childhood'
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Figure 3.12: Effect of antenatal glucocorticoids on neurodevelopmental delay in

childhood.
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3.4.3.1.1.4 For the adult

No data were available for death or neurodevelopmental delay in adulthood.

3.4.3.1.2 Secondary outcomes

3.4.3.1.2.1 For the mother

One study reported that women in the glucocorticoid arm were more likely to have

glucose intolerance than in the control arm (RR=2.71,95Vo CI=l'14 to 6'46, I study'

'123 women;.lo This study used a treatment regime that included weekly repeat doses

of glucocorticoids if the infant remained undelivered. No statistically significant

differences between those treated with antenatal glucocorticoids and controls were seen

for fever after trial entry requiring the use of antibiotics, intrapartnm fever requiring the

r2510
ftErtstd
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use of antibiotics, postnatal fever, admission to adult intensive care unit, hypertension

or reported side effects of treatment.aoT

3.4.3.1.2.2 For the fetus and neonate

Treatment with antenatal glucocorticoids was associated with a reduction in the

incidence of necrotising enterocolitis (RR=O.46,95Vo CI=O.29 to 0.74' 8 srudies, 1,675

infants) [Figure 3.13]. Treatment with antenatal glucocorticoids was also associated

with fewer infants having systemic infection in the first 48 hours after birth (RR=0'56'

95Vo CI=O.38 to 0.85, 5 studies, 1,319 infants) [Figure 3.14] and a trend towards fewer

infants having proven infection while in the NICU (RR=0.83, 95Vo Cl=0.66 to 1.03' I I

studies,2,607 infants) [Figure 3.151. Furthermore, treatment with antenatal

glucocorticoids was associated with less need for neonatal respiratory support; with a

reduction in the need for mechanical ventilation/CPAP (RR=0.69, 957o CI=O.53 to

0.90, 4 studes, 569 infants), less time requiring mechanical ventilation/CPAP (Fixed

weighted mean difference (FWMD)=-3.47 days, 95vo C|=-5.08 to -1.86 days, 2 studies'

198 infants) less time requiring oxygen supplementation (FWMD=-2'86 days,95Vo

CI=-5.51 to -0.21 days, I study, 73 infants) and a trend towards a reduction in the need

for surfactant (RR=g.72,95Vo CI=0.51 to 1.03,3 studies,456 infants). No statistically

significant differences between those exposed to antenatal glucocorticoids and controls

were seen for air leak syndrome, Apgar scores <7 at five minutes, interval between trial

entry and delivery, incidence of SGA infants or HPA axis function. Overall, treatment

with antenatal glucocorticoids was associated with fewer infants being admitted into a

NICU (RR=0.80, 95Vo Cl=O.65 to 0.99,2 studies, 277 infants).Nl
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Figure 3.13: Effect of antenatal glucocorticoids on neonatal necrotising enterocolitis.
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Figure 3.14: Effect of antenatal glucocorticoids on neonatal systemic infection in the

fust 48 hours after birth.
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Figure 3.15: Effect of antenatal

the neonatal intensive care unit.
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3.4.3.1.2.3 For the chiW

Treatment with glucocorticoids was associated with less developmental delay in

childhood (RR=0.49, 95Vo Cl=O.24 to 1.00, 2 studies, 518 children, age at follow-up=3

years, with age range unknown in I study) [Figure 3.16] and a trend towards fewer

children having cerebral palsy (RR=O .6O,95Vo CI=0.34 to 1.03, 5 studies, 904 children,

age at follow-up=zto 6 years, with age range unknown in I study) [Figure 3.17]. No

statistically significant differences between those exposed to antenatal glucocorticoids
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and controls were seen for childhood weight, height, head circumference, lung function,

visual impairment, hearing impairment, behavioural/learning difficulties or intellectual

impairment [Figures 3.18 to 3.271.

FigUre 3.16: Effect of antenatal glucocorticoids on developmental delay in childhood.
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Figure 3.17: Effect of antenatal glucocorticoids on childhood cerebral Palsy.
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Figure 3.18: Effect of antenatal glucocorticoids on childhood weight.
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Figure 3.19: Effect of antenatal glucocorticoids on childhood height.
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Figure 3.20: Effect of antenatal glucocofticoids on childhood head circumference.
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Figure 3,21: Effect of antenatal glucocorticoids on childhood vital capacity.
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Figure 3.22: Effect of antenatal glucocorticoids on childhood forced expiratory volume

in one second.
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Figure 3.23:Effect of antenatal glucocorticoids on childhood ratios of forced expiratory

volume in one second to vital capacity.
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Figure 3.Z4:Effect of antenatal glucocorticoids on childhood visual impairment.
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Figure 3.25: Effect of antenatal glucocorticoids on childhood hearing impairment'
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Figure 3.26: Effect of antenatal glucocorticoids on childhood behavioural or learning

difficulties.

riaitr
s

r00.00
too.00

Contol
irt{

7136
35

IIdEI
iia

9IAa
5t

Rn(fico
gSBO

o-85 10-t3, a.otl
0.86 1o.35,2.091

F@Jtcdsl Fffidtd

Fffira{itrrt Fmrscfrtd

tu



Figure 3.27:Effect of antenatal glucocorticoids on childhood intellectual impairment.
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3.4.3.1.2.4 For the adult

No statistically significant differences between those exposed to antenatal

glucocorticoids and controls were seen for adult weight, height, head circumference,

blood pressure, age at puberty or intellectual impairment [Figures 3.28 to 3.33].

Figure 3.28: Effect of antenatal glucocorticoids on adult weight.

rro$4O
cr3ct

0l sctur (6r&)
S.rr!.

EJUda (ctr Cl) 2t
t.., Ir hrbrotrdy Fa.n|l*-
l.d lq @J !tl!.t z - r .?0 (P . og,

@ Scn a 0i6.)
sdl 27 rr. oo(ro, iol

Strutf (g'f CD 27
Ltbh*ltn at nCFtS
Ird lc m{ cictt I * 0r2 (P.oGD

IoH(So) .o
Ia{ It h.bqt!.y Of r 075,d. | (P. 0lgr. F'oB
ta{ tr ocd 6flrd I .1 a? (F.o.ta)

Data are in kilograms. WMD=Weighted mean difference'

sutY IGaFt ffid
rirqlqnnrkr(SDltkr(SDJ

smdbd) $qrr
s,to a

16 3?.OO(t3-OO'
I6

15 ?z-mtle.aol
I5

?z

-5.00 t-t2.9t. o,t9l
-6-OO t-U-t3, o.931

-l-@ t-rrtl, t.tll
-r.os t-r.tl, ?-rll

-a.rz t-t,69, l-$l

at. at
9- 31

t?.6t
3?.ac

rm.m

FruskrdtrEil Frusc€dtd

165



Figure 3.29: Effect of antenatal glucocorticoids on adult height-
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Figure 3.30: Effect of antenatal glucocorticoids on adult head circumference.
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Figure 3.31: Effect of antenatal glucocorticoids on adult systolic blood pressure.
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Figure 3.3}:Effect of antenatal glucocorticoids on age at puberty.
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Figure 3.33: Effect of antenatal glucocorticoids on intellectual impairment in adulthood.
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3,4.3.1.2.5 For the health sembes

No statistically significant differences between groups treated with antenatal

glucocorticoids and controls werc seen for length' of antenatal hospitalisation for

women, postnatal hospitalisation for women or neonatal hospitalisation for infants

[Figure 3.341.

Fruststttnrrt fwtcartd

r67



Figure 3.34: Effect of antenatal glucocorticoids on outcomes for the health services.
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3.4.3.2 Eftects of antenatal glucocorticoid use in multiple Pregnancy

Data were available for several of the primary outcomes for pregnancies complicated by

multiple birth. However most of these were from just two srudies.l 124 No statistically

significant differences between groups treated with antenatal glucocorticoids (in women

with multiple pregnancies) and controls were seen for chorioamnionitis, fetal death,

neonatal death, RDS, IVH tFigure 3.351 or birth weight.aoT Although the RRs were

similar to those in the overall analysis, small numbers meant the confidence intervals

were wide and crossed one.
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Figure 3.35: Effects of antenatal glucocorticoids in multiple pregnancies-
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3.4.3,3 Effects of antenatat glucocorticoid use in subgrouPs of different
gestational ages at delivery

Combined fetal and neonatal death was significantly reduced in glucocorticoid treated

infants born at <32 weeks (RR=0.71, 95Vo Cl=O.57 to 0.88, 3 studies, 453 infants), <34

weeks (RR=0.73, 95Vo CIe-O.58 to 0.91, I study, 598 infants) and <36 weeks (RR=O.75,

95Va Cl=O.61 to 0.94, 2 studies, 969 infants), but not in those born at 48 weeks, <30

weeks and 234 weeks. tn infants born >36 weeks there was a non-significant trend

towards an increase in combined fetal and neonatal death (RR=3.25, 95Vo Cl4'99 to

10.66, 2 studies, 498 infants).407 Neonatal death was significantly reduced in
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glucocorticoid treated infants born at <32 weeks (RR=0.59, 95Vo Cl=0.43 to 0.80, 3

studies, 378 infants), <34 weeks (RR=0.69, 95Vo CI=0.52 to O.92, 2 studies, 715

infants) and <36 weeks (RR=0.68, 957o Cl=0.50 to 0.92, 2 studies, 869 infants), but not

in those born at <28 weeks, <30 weeks,234 weeks and )36 weeks [Figure 3-36].

RDS was significantly reduced in glucocorticoid treated infants born at <30 weeks

(RR=0.6?, 957o C14.52 to 0.87, 4 studies, 218 infants), <32 weeks (RR=O.56' 957o

CI=0.45 to 0.71, 6 stud.ies, 583 infants), <34 weeks (RR=0.58, 957o Cl=O.47 to O.72,5

studies, 1,177 infants) and <36 weeks (RR=0.54, 957o Cl=O.41 toO.72,3 studies,922

infants), but not in those born at <28 weeks, )34 weeks and >36 weeks [Figure 3.371.

IVH was significantly reduced in glucocorticoid treated infants born at <28 weeks

(RR=0.34, 95Vo Cl=0.14 to 0.86, I study,62 infants), <32 weeks (RR=0.52,957o

CI=0.28 to 0.99, I study, 277 infants) and <34 weeks (RR=0.53, 95Vo Cl=0.29 to 0.95,

I study,5l5 infants), but not in those born at <30 weeks, <36 weeks, )34 weeks and

236 weeks [Figure 3.38]. No statistically significant differences between groups treated

with antenatal glucocorticoids and controls were seen for fetal deaths, birth weight or

chorioamnionitis in the different subgroups of gestational age at delivery examined.4T
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Figure 3,36: Effect of antenatal glucocorticoids on neonatal death in different

gestational age groups at delivery.
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Figure 3.37: Effect of antenatal glucocorticoids on

different gestational age groups at delivery'
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Figure 3.38: Effect of antenatal glucocorticoids on intraventricular haemorrhage

different gestational age groups at delivery.
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g.4.g.4 Effects of antenatal glucocorticoid use in subgroups with different

intervals beffieen first dose and delivery

Combined fetal and neonatal death was significantly reduced in glucocorticoid treated

infants born <24 hours (RR=0.60, 957o CI=O.39 to 0.94, 3 studies, 293 infants) and <48

hours after the first dose (RR=0.59, 95Vo Cl=O.41 to 0.86, I study, 373 infants), but not

those born between I and 7 days or >'7 days after the first dose.mT Neonatal death was

r73



significantly reduced in glucocorticoid treated infants born <24 hours (RR=()'53' 957o

Cl=O.29 to 0.96, 4 studies, 295 infants) and <48 hours after the first dose (RR4'49'

95Vo Cl=O.30 to 0.81, I study, 339 infants), but not those born between I and 7 days or

>7 days after the first dose [Figure 3.39]. RDS was significantly reduced in

glucocorticoid treated infants born <48 hours (RR=0.63, 95Vo Cl=O'43 to 0'93' 3

studies, 374 infants) and between I and ? days after the first dose (RR=0'46' 957o

CI=0.35 to 0.60, 9 studies, I110 infants), but not those bom 44 hours or >7 days after

the first dose [Figure 3.40]. fVH was significantly reduced in glucocorticoid treated

infants born <48 hours after the first dose (RR=0.26, 957o Cl=O'09 to 0'75, I study' 339

infants), but not those born <24 hours, between I and 7 days or >7 days after the first

dose [Figure 3.41]. Birth weight was significantly reduced in infants born between I

and 7 days (FWMD=-105.92 g.ruuns, 95Vo Cl=-212.52 to 0.68 grams, I study' 520

infants) and >7 days after the first dose (FWMD=-147.01 grams, 95Vo Cl=-291.97 to -

2.05 grams, I study, 485 infants), but not those bom <24 hours or <48 hours after the

first dose. No statistically significant differences between groups treated with antenatal

glucocorticoids and controls were seen for fetal deaths or chorioamnionitis at the

different subgroups of interval between first dose and delivery.ao7
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Figur 3-39.: Effect sf anrerratal glucocorticoids on ngonatal death in those' trorn at

different ine-rvals af,ter the first dose-
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Figure 3.40: Effect of antenatal glucocorticoids

those born at different intervals after the first dose.
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Figure 3.41: Effect of antenatal glucocorticoids

those born at different intervals after the first dose'
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g.4.g.5 Effects of antenatal glucocorticoid use in pregnancies

complicated by preterm rupture of membranes

No statistically significant differences between groups treated with antenatal

glucocorticoids and controls were seen for matemal death, chorioamnionitis or

puerperal sepsis in women with rupture of membranes present at the first dose or with

rupture of membranes for >24 hours [Figures 3.2 and 3.3]. Combined fetal and neonatal

death was significantly reduced in glucocorticoid treated infants born following rupture

of membranes present at the first dose (RR=0.62, 957o Cl=O.46 to 0-82, 4 studies' 733

infants), but not tbllowing rupture of membranes for >24 and >48 hours'4o No

statistically significant differences between groups exposed to antenatal glucocorticoids

and controls were seen for fetal deaths following rupture of membranes at the first dose,
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for >24 or for >48 hours.ao? The reduction in combined fetal and neonatal death is due

to a reduction in neonatal death in glucocorticoid treated infants born following rupture

of membranes present at the first dose (RR=0.58, 95Vo C14.43 to 0.80, 7 studies, 984

infants) [Figure 3.421. RDS was significantly reduced in glucocorticoid treated infants

born following rupture of membranes present at the first dose (RR=0.67' 95Vo Cl4'55

to 0.82, l l studies, 1089 infants) and for >24 hours (RR=0.68, 95Vo Cl=O.51 to 0-9O, 6

studies, 626 infants), but not following rupture of membranes for >48 hours [FigUre

3.43l.IVH was significantly reduced in glucocorticoid treated infants born following

rupture of membranes present at the first dose (RR=0.47, 95Vo Cl=O.28 to 0'79, 5

studies, 895 infants), but not following rupture of membranes for >24 and >48 hours

[Figure 3.441. Birth weighr was significantly reduced in glucocorticoid treated infants

born following rupture of membranes for >24 (FWMD=-196.46 grams, 95Vo Cl=-

335.19 to -57.73 grams, I study, 349 infants) and >48 hours (FWMD=-}O|j9 gfams'

95Vo Cl=-363.30 to -40.28 grams, I study, 255 infants), but not following prolonged

rupture of membranes present at the first dose.a07

No statistically significant differences between groups treated with antenatal

glucocorticoids and controls were seen for postnatal fever or fever after trial entry

requiring the use of antibiotics in women with prolonged rupture of membranes present

at first dose. lnfants whose mothers were treated with glucocorticoids following rupture

of membranes present at first dose had significantly reduced CLD (RR=05O' 95Vo

CI=O.33 to 0.76, I study, 165 infants), necrotising enterocolitis (RR=0.39, 957o

CI=0.18 to 0.86,4 studies,583 infants) and duration of mechanical ventilation/CPAP

(FWMD=-3.50 days, 957o CI=-5.12 to -1.88 grams, I study, 165 infants)' No
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statistically significant differences between groups treated with antenatal

glucocorticoids and controls were seen for neonatal infection [Figure 3.15], systemic

infection in the first 48 hours of life [Figure 3.14] or need for mechanical

ventilation/CPAP in infants following prolonged rupture of membranes present at first

dose.aoT

Figure 3.42: Effect of antenatal glucocorticoids on neonatal death in pregnancies

complicated by premature rupture of the membranes.
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Figure 3.43: Effect of antenatal glucocorticoids on respiratory distress syndrome in

pregnancies complicated by premature rupture of the membranes'
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Figure 3.44: Effect of antenatal glucocorticoids on intraventricular haemorrhage

pregnancies complicated by premature rupture of the membranes-
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3.4,3.6 Effects of antenatal glucocorticoid use in pregnancies

complicated by hypertension syndromes

Infants born to pregnancies complicated by hypertension syndromes treated with

glucocorticoids had significantly reduced risk of neonatal death (RR=0.50, 957o

Cl=O.29 to 0.87, 2 studies, 278 infants), RDS (RR=0.50, 95Vo C14.35 to O.72, 5

studies,382 infants) and IVH (RR=0.38, 95Vo Cl=O.17 to 0.87,2 studies,278 infants)

[Figure 3.45J. No statistically significant differences between groups treated with

antenatal glucocorticoids and controls were seen for combined fetal and neonatal death,

fetal death, birth weight, chorioamnionitis or puerperal sepsis in pregnancies

complicated by hypertension syndromes.a0T

Figure 3.45: Effects of antenatal glucocorticoids in pregnancies complicated by

hypertension syndromes.
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g.4.g.7 Effects of antenatal glucocorticoid use according to the type of

glucocorticoid used

Both dexamethasone and betamethasone significantly reduced combined fetal and

neonatal death, neonatal death, RDS and IVH.407 Betamethasone treatment resulted in a

greater reduction in RDS than dexamethasone treatment (RR=0'56, 95Vo Cl=O'48 to

0.65, 14 studies, 2,563 infants vs. RR=0.8O, 957o CI=0.68 to 0.93, 6 studies, 1,457

infants). No statistically significant differences between groups treated with antenatal

glucocorticoids and controls in fetal death, birth weight or chorioamnionitis wele seen

in subgroups treated with dexamethasone or betamethasone separately'*t However

dexamethasone significantly increased the incidence of puerperal sepsis (RR=l .74'95Vo

CI=1.04 to 2.89,4 studies, 536 women) while betamethasone did not (RR=l -AO,95Vo

CI=0.58 to 1.72,4 studies,467 women) [Figure 3'3].

9.4.3.8 Effects of antenatal gtucocorticoid use according to the decade of

studY recruitment

RDS (lg70s RR=0.55,g|Vo CI=0.43 to 0.70, 6 studies, 1,847 infants; 1980s RR={.71'

95Vo Cl=O.58 to 0.87, 6 studies, 1,127 infants; 1990s RR=0.69, 95Vo Cl={.59 to 0'81, 9

srudies, 1,064 infants) and M (1970s RR=0.50,957o CI=0.29 to 0.85,4 studies, l,&6

infants; l9g0s RR=O.61, 95Vo Cl=O.39 to 0.94, 2 studies, 238 infants; 1990s RR=O-53'

95Vo Cl=O.38 to 0.74,7 studies, 988 infants) were significantly reduced in infants

treated with glucocorticoids in all three decades of recruitment. Combined fetal and

neonatal death, and neonatal death alone (1970s RR=O.73, 95Vo Cl=O'56 to O'93' 6
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studies, 1,876 infants; 1980s RRd).98, 95Vo Cl=O.69 to 1.40,5 studies, 1,056 infants:

1990s RR=0.50, 95Vo CI=O.38 to 0.66,7 studies, 1,024 infants), were significantly

reduced in infants treated with glucocorticoids in the 1970s and 1990s. No statistically

significant differences between groups treated with antenatal glucocorticoids and

controls were seen for fetal death, birth weight, puerperal sepsis or chorioamnionitis for

any of the individual decades of recruitment subgroups'om

g.4.g.g Effects of antenatal glucocorticoid use in subgroupE of

gestational age of entry into trials

Chorioamnionitis was significantly reduced in glucocorticoid treated women entenng a

trial from 3O to 32.9 weeks (RR=0.19, 95Vo CI=O.04 to 0.86, I study, 194 women), but

not from <26 weeks , 26 to 29.9 weeks, 33 to 34'9 weeks, 35 to 36'9 weeks and >36

weeks-407 Neonatal death was significantly reduced in glucocorticoid treated infants

entering a trial from 26 to 29.9 weeks (RR=0.67, 95Vo Cl=O.45 to 0'99, I study,227

infants), but not from <26 weeks, 30 to 32'9 weeks, 33 to 34.9 weeks, 35 to 36'9 weeks

and >36 weeks [Figure 3.461. RDS was significantly reduced in glucocorticoid treated

infants entering a trial from 26 ro 29.9 weeks (RR=0.49, 95Vo Cl=O'34 to O'72' 2

studies, 242 infants), 30 to 32.9 weeks (RR=0.56, 957o Cl=O.36 to 0.87, 2 studies, 361

infants) and 33 to34.9 weeks (RR=0.53, 95Vo Cl=O.31 to 0.91,2 studies,434 infants)'

but not from <26 weeks, 35 to 36.9 weeks and >36 weeks [Figure 3-471' fVH was

significantly reduced in glucocorticoid treated infants entering a trial from 26 to 299

weeks (RR=0.45, 95Vo CI=O.21 to 0.95, I study, 227 infants)' but not from <26 weeks'

3O to 32.9 weeks, 33 to 34.9 weeks, 35 to 36.9 weeks and >36 weeks [Figure 3.48].
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Birth weight was significantly decreased in infants entering a trial from 30 to 32.9

weeks (FWMD=- 190.64 grarns, 95Vo CI:=-359.98 to -21.30 grarns, I study, 319 infants),

but not from <26 weeks, 26 to 29.9 weeks, 33 to 34.9 weeks, 35 to 36.9 weeks and >36

weeks.mT No statistically significant differences between groups treated with antenatal

glucocorticoids and controls were seen for combined fetal and neonatal deaths or fetal

deaths alone in the different subgroups of gestational age at trial entry examined.ffi

Figure 3.46; Effect of antenatal glucocorticoids on neonatal death at different

gestational ages of trial entry.
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Figure 3.47: Effect of antenatal glucocorticoids

different gestational ages of trial entry.
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Figure 3.48: Effect of antenatal glucocorticoids on intraventricular haemorrhage at

different gestational ages of trial entry.
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3.4.3.10 Effects of antenatal glucocorticoid use according to the

presence or absence in triat protocols of weekly reryat doses of
glucocorticoids

There was no difference in effect of glucocorticoid treatment on chorioamnionitis,

puerperal sepsis, combined fetal and neonatal death, fetal death, neonatal death' RDS or

IVH between studies which used a single course of antenatal glucocorticoid and studies

that allowed weekly repeats if the women remained undelivered.am
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3.5 Discussion

The results of the 2l studies included in this updated review clearly support the

conclusion of the 1996 review, that treatment with antenatal glucocorticoids reduces

neonatal death, RDS and IVH in preterm infants.2 Furthermore, treatment with

antenatal glucocorticoids is not associated with changes in the rates of maternal death,

maternal infection, fetal death, neonatal CLD or birth weight. Treatment with antenatal

glucocorticoids is also associated with a reduction in the incidence of neonatal

necrotising enterocolitis and systemic infections in the first 48 hours of life, as well as a

reduction in the need for respiratory support or NICU admission. However one trial

recruiting women with severe preeclampsia, using a protocol that included repeat

weekly courses of antenatal betamethasone if the women remained undelivered,

suggested that the treated women were at increased risk of gestational diabetes-l{ The

women in this trial had a fasting glucose tolerance test>1Z hours after the initiation of

the study treatment if they were undelivered; 123 (567o) women under went the glucose

tolerance test. It is not possible to determine the effect that repeat dose(s) had on this

result. Nor may it be appropriate to generalise this to women without preeclampsia.

Doubt has been expressed as to whether antenatal glucocorticoids are beneficial in the

current era of advanced neonatal practice, on the basis that previous conclusions

conceming the benefits of antenatal glucocorticoids were based mainly on data from the

l97}s.2 However in this review combined fetal and neonatal death, neonatal death, RDS

and IVH are all significantly reduced in the subgroup of trials conducted in the 1990s-

These trials contributed 26Vo of the overall data to the review'
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The gestational age range at which antenatal glucocorticoids provide benefit has been

subject to debate, with some reviews suggesting no benefit at <28 weeks.2 Previously

the effect of antenatal glucocorticoids has been examined by subgroups based on

gestational age at delivery.2 This review shows that antenatal glucocorticoids reduce the

incidence of IVH even in those infants born 48 weeks. However this review also

examined outcomes by subgroups based on the clinically more relevant measure;

gestational age at first dose of treatment (gestational age at trial entry). RDS is reduced

when glucocorticoids are first given at 26 to 29.9 weeks, 30 to 32.9 weeks and 33 to

34.9 weeks. Furthermore, both IVH and neonatal death are reduced at26 to <30 weeks.

No difference is shown for primary outcomes at gestational ages of <26 weeks- While

eight trials included in this review recruited pregnancies from <26 weeks gestation,l 16

t33 r43 375 376 380 3e3 and a further three did not specify the lower gestational age for

entry,l23 t26 t28 only one trial (n=49 infants) contributed data to this review at this

extreme gestation.l

Antenatal glucocorticoid use reduces neonatal death even when infants are born <24

hours after the first dose has been given. Reduction in RDS is seen in infants born up to

7 days after the first dose. This review has not shown any benefit in primary outcomes

for infants delivered >7 days after treatment with antenatal glucocorticoids- In fact,

birth weight is reduced in this subgroup. This lack of benefit is not a new finding, and

in the past has lead to the practice of repeating courses of antenatal glucocorticoid

weekly if women remained undelivered.'tt Eight of the included studies in this review

used treatment protocols that included repeated weekly courses. These studies were

included in the review as they examined glucocorticoid treatment versus no
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glucocorticoid treatment, but they were analysed separately, post hoc, as a sensitivity

analysis to determine if they biased the overall results. This does not appear to be the

case. However it would be misleading to draw conclusions from this subgroup analysis

concerning the risks or benefits of repeat courses of antenatal glucocorticoids'

lnformation concerning the number of repeat courses used in individual studies was not

provided and there may have been few repeat courses. It would be more meaningfirl to

perform an individual patient data analysis to look at the relationship between the

interval from first dose to delivery and outcome, and how this was influenced by factors

such as whether glucocorticoids were given and how many doses each individual

received. The effect of repeated courses of antenatal glucocorticoids is the subject of a

sep.yate review,toT which suggests that although repeated courses reduce the severity of

neonatal lung disease, there are insufficient data to exclude other beneficial or harmful

effects to the mother or infant. The recommendation of those authors is to await the

outcome of trials looking at the long-term effects of repeated courses of antenatal

glucocorticoids.

This review should dispel concerns about the use of antenatal glucocorticoids in the

subgroup of women with hypertension syndromes. In such women antenatal

glucocorticoids reduce the risk of neonatal death, RDS and IVH in their offspring. In

the 1996 review fetal death was increased amongst offspring of such women treated

with antenatal glucocorticoids. However since that review an additional study has

contributed data.lm Furthermore, in this new review individual participant data were

available from rhe Auckland Steroid Trial, the one study that had contributed to the

previous result.2 Complete data from this trial had not previously been analysed, and
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contribute approximately 30Vo of all women and infants randomised- Thus conclusions

from this new review are therefore considerably more robust than those previously

available.

In this new review antenatal glucocorticoids are shown to be beneficial in the subgroup

of infants whose mothers have premature rupture of membranes. Neonatal death' RDS,

fVH, necrotising enterocolitis and duration of neonatal respiratory support are all

significantly reduced by glucocorticoid treatment in this subgroup without an increase

in either maternal or neonatal infection. Birth weight was not significantly altered by

glucocorticoid treatment in the five studiesl t3r 132 r4r t43 that reported this outcome in

the subgroup of women with premature rupture of membranes at time of the first

glucocorticoid dose. However, in one studyl birth weight was reduced in those neonates

exposed to glucocorticoids who experienced rupture of membranes for >24 ot *8

hours. The clinical significance of this finding remains unclear.

Currently there is not enough evidence to support the use of antenatal glucocorticoids in

multiple pregnancies. Although data for most primary outcomes were available from

the two largest studiesl t2o the numbers of multiple pregnancies included in this review

remained small (n=252infants). A further l0 studiesls-128 
t30 134 l4l 142 3'15376 included in

this review had recruited an additional 252 infants from multiple pregnancies and

analysis of these data may help clarify the risks and benefits of glucocorticoids in

multiple pregnancies without the need for further trials'
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No studies have directly compared the two common types of glucocorticoid used in

clinical practice, betamethasone and dexamethasone. Although this review suggests that

betamethasone treatment causes a larger reduction in RDS than dexamethasone, the

reasons for this may be a different background prevalence of RDS in the different study

populations examined and not due to greater efficacy of the betamethasone. Further

research is required to determine the optimal dose and drug for use in this situation.l

This updated review has included the results of four long-term follow-up studies into

childhoodl t24 ln 376 and one into adulthood.am Results suggest that antenatal

glucocorticoids result in less neurodevelopmenta.l delay and possibly cerebral palsy in

childhood. This probably reflects the lower neurological and respiratory morbidity

experienced by glucocorticoid treated infants in the neonatal period. Concern regarding

long-term neurological functioning has largely come from animal studies showing

decreased brain growth after antenatal glucocorticoid exposure.lEo 
le4 4o* Ho*ever a

small follow-up study of 8l twenty year olds failed to demonstrate any psychological

differences between those exposed to antenatal glucocorticoids and those exposed to

placebo.am There is a need for further long-term follow-up of earlier trials to clarify

this.

Antenatal glucocorticoids do not appear to affect childhood body size, lung function or

psychological functioning, but the numbers included in these analyses are small- There

is no evidence from RCTs concerning effects on childhood lipid status, endocrine

function or blood pressure. However animal studies have suggested later adverse HPA
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axis function,l6e-l7l abnormal glucose and insulin metabolisml66-168 and increased blood

s
pressure.*

In the small follow-up study conducted at age twenty, antenatal glucocorticoids did not

affect adult body size or psychological firnctioning, and may have decreased blood

pressure.m In contrast, a non-randomised study of 177 adolescents reported higher

systolic blood pressure at age 14 in those exposed to glucocorticoids'|82 There is no

information concerning adult lipid status, HPA axis function, glucose-insulin axis

function, lung function, bone mass or HRQoL following antenatal glucocorticoids'

3.6 Summary

3.6.1 lmplications for Practice

The evidence from this review supports the continued use of single course of antenatal

glucocorticoids to accelerate fetal lung maturation in women at risk of preterm birth'

Treatment with antenatal glucocorticoids reduces the risk of neonatal death' RDS, M{,

necrotising enterocolitis, infectious morbidity, need for respiratory support and NICU

admission. There is evidence of benefit across a wide range of gestational ages from 26

to 34.9 weeks and in the current era of neonatal practice. Furthermore, there is evidence

of benefit in the subgroups of women with premarure rupture of membranes and those

with hypertension syndromes. A single course of antenatal glucocorticoids should be

considered routine treatment for management of preterm delivery.
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3.6.2 lmplications for research

There is no need for further triats of a single coune of antenatal glucocorticoids vs'

placebo in singleton pregnancies. Data are spiuse regarding risks and benefits of

antenatal glucocorticoids in multiple pregnancies. However individual participant

analysis of data from previous studies may be able to answer these questions without

the need for further RCTs. Follow-up studies in adulthood should be undertaken to

clarify the long-term effects of this treatment. Future studies are needed to determine

the optimal dose and drug for this purpose, and to determine the risks and benefits of

repeat courses of glucocorticoids.
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4 Blood pressure at age six years following

antenatal gl ucocorticoids

4.1 Summary of chaPter contents

This chapter reports the results for participants' blood pressure from the WHO Follow-

up Study at six years of age.

4.2 Introduction

Fetal exposure to excess glucocorticoids is proposed as one of the core mechanisms

explaining the epidemiological association between small size at birth and subsequent

raised blood pressure; the developmental origins of adult disease hypothesis't In a

number of animal models exposure to glucocorticoids before birth results in raised

blood pressure in offspring.t 'ut To date the data on later blood pressure in humans

exposed to antenatal glucocorticoids for prevention of RDS have been contradictory'

One non-randomised cohort study found that extremely premature neonates exposed to

antenatal glucocorticoids had higher blood pressure in the first 48 hours after birth'#

Another non-randomised cohort of 177 fourteen-year-old ex-VLBW children found that
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those exposed to glucocorticoids had higher mean systolic and diastolic blood pressure

(mean difference (95Vo CI); systolic 4.lmmHg (0.1 to 8.0); diastotic 2'8mmHg (0'05 to

5.6)).ttt Conversely a small follow-up study of 8l twenty year olds from a RCT found

lower mean systolic blood pressure in those exposed to antenatal glucocorticoids (mean

systolic blood pressure; males 116 vs. llgmmHg, females ll2 vs' ll6mmHg' p=

0.05).400 There have been no reports of blood Pressure in prepubescent children

following antenatal glucocorticoid exposure.

4.3 Chapter hyPothesis

That antenatal exposure to betamethasone for the prevention of neonatal RDS does not

alter blood pressure at age six.

4.4 Additional statistical methods used in chapter analyses

The primary aim of the chapter analyses was to compare blood pressure between

children exposed to antenatal betamethasone and those exposed to placebo' Primary

analyses were unadjusted.

Secondary analyses using multiple linear regression adjusted for confounding, decided

a priori,by the baseline variable of sex, together with the post-randomisation variables

of birth weight z score, age at follow-up, BMI, and age at introduction of solid foods'
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These variables, apart from age at introduction of solids, have all been associated with

later childhood blood pressure. Unfortunately no information was available concerning

duration of breast feeding, which has been associated with lower blood pressure in ex-

preterm infants in adolescence.nto Instead age at introduction of solids was used as a

measure of possible differences in postnatal nutrition. There were no differences in the

results of analyses both including and excluding this variable, therefore only those

including the variable are presented in this chapter.

Further confounders were explored using the change in estimates technique at the lOVo

level.all

4.5 Results

4.5.1 Recruitment

By April 1972,465 women had delivered 499 babies, 263 betamethasone-exposed, and

236 placebo-exposed. Fifty one (lg%) betamethasone-exposed and 5O (ZlTo) placebo-

exposed children died in the neonatal period. Thirty five (l3Vo) betamethasone-exposed

and 45 (l7vo\ placebo-exposed children were excluded from follow-up as their

deliveries were not considered to be the result of simple unplanned premature labour.

Follow-up was attempted in 318 children; 177 betamerhasone-exposed and l4l

pfacebo-exposed children. By six years of age seven (4Vo\ betantethasone-exposed and

seven (5Vo) placebo-exposed children had died. Of the remaining 304 children 54 (l\Vo)
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were lost to follow-up,14 (5Vo) had lost follow-up records, and five (27o) did not have

blood pressure recorded [Figure 4.1]. The eight (3Vo) children who had been

randomised more than once during the same pregnancy were excluded from analysis-

Thus, blood pressure was analysedin223 children of the 318 in whom follow-up was

attempted (70Vo); l2l betamethasone-exposed and 102 placebo-exposed children.

Figure 4.l: Participant flow to blood pressure follow-up at age six years and subsequent

analysis.

121 BP rocords at six years
available for analysis

95 Exclusions
r 50 Neonatal death

. 45 Planned premature delivery

86 Exdusione
. 51 Neonatal death

. 35 Planned premature delivery

39 Withdrawals
r 7 Childhood death

o 23 Lost to ftcllor-up
. 3 Follow-up reoords not found

r 4 BP not reoorded
r 2 Double randornisations

56Witfdrawals
. 7 Childhood death

o 31 Lost to bllcnrup
o 11 Folbr-up racords not found

' 1 BP not reoorded
r 6 Double randomisatbns

102 BP records at six Years
available for anaiYsis

BP=Blood pressure.
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4.5.2 Perinatal characteristics

The median gestational age at delivery was 34 weeks and 6 days for participants with

blood pressure records analysed. The perinatal characteristics of those whose blood

pressure recordings were analysed did not differ from those whose recordings were not

analysed [Table 4.1].

Table 4.1: perinatal characteristics of children with and without blood pressure follow-

up at six years of age available for analysis'

Characteristic

Maternal characteristics

Multiple pregnancy

lnstrumental delivery

Entry/delivery interval, daYs

Betamethasone treatment

Neonatal characteristics

Male

Gestational age delivery, daYs

Term delivery

Birth weight, grams

Birth weight z score

5 min Apgar >7

RDS

RDS (moderate or severe

The median age at follow-uP was

exposed children and 6 Years and 2

20 (2t) o'05

s0 (s3) 0'81

3.6 (1 to 3l) 0.67

56 (s9) o.44

t28 (s7) ss (58) 0.93

244 (231 to 259) 239 (224 to 259) O'12

5e (26) 24 (2s) 0.82

BP records

n=223

28(13)

l l4 (51)

2.6 (l to 29)

r2r (s4)

t72 (77)

2r (9\

No BP records

or follow-up
n=95

2190 (1860 to 2650) 2060 (l76}to 2?10) 0'24

-0.35 (-0.82 to 0.18) -0.34 (-0.76 to 0.18) OJ4

72 (76) 0.80

I I (12) 0.56

0.83

6 years and 3 months in the l2l betamethasone-

months in the 102 placebo-exposed children with
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blood pressure records available for analysis. The perinatal characteristics lTable 4'2]

and possible confounders recorded at the time of follow-up [Table 4.31 did not differ

between the two treatment grouPs.

Table 4.2: Perinatal characteristics of betamethasone and placebo-exposed children with

blood pressure follow-up at six years of age available for analysis'

Characteristic

Maternal characteristics
Multiple pregnancy

Instrumental delivery

Entry/delivery interval, daYs

Neonatal characteristics

Male

Gestational age delivery, daYs

Term delivery

Birth weight, grams

Birth weight z score

5 min Apgar >7

RDS

RDS (moderate or severe

Betamethasone

n=121

l6 (13)

s9 (4e)

3.1 (l.l to27)

3l (26)

es (7e)

l0 (8)

Placebo P

n=102

12 (r2) o.74

55 (s4) o.4
0 (-0.7 to 0.5) 0-99

77 (7s) o.5e

ll (11) o.sz

72 (60) s6 (55) o.4e

24t (230to 259) 245 (238 to 259) 0'08

28 (27) 0.76

2l10 (1820 to2620) 2295 (1950 to 2700) 0'05

-0.36 (-0.92 to O.l) -o.35 (-0.78 to O'23) O'5O

Data are n (Vo') ormedian (IQR). BP=Blood pressure' RDS=Respiratory distress syndrome'
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4.5,3 Blood pressure

Neither systolic nor diastolic blood pressure differed significantly between the h^/o

treatment groups (mean difference (95Vo CI); systolic=-l.6mmHg(4'l to 0'8)' p0'19;

diastolic=-0.3mmHg (-2.5 to 1.8), p=0.74) lFigure 4'2]'

Adjustment for age, sex, birth weight z score' BMI and age at introduction of solid

foods did not alter the results [FigUre 4.2]. No additional confounders were identified

from the change in estimates analyses conducted'

Figure 4.2: Systolic and diastolic blood pressure at age six years in participants from the

World Health Organisation Follow-up Study.

Bet.methasoneP|aceboD|fferencebetgeontreatrrgntgroupst
n=121 n=102

Systolic blood pressure 109-3 (9.1) 110'9 (9'5)

AdJusted syotolic bbod pressure' 109-3 (10'l) 111'0 (9'6)

Diastolic blood pressure 69.5 (8.4)

Adjusted diastolic blood pressure' 69'4 (8-3)

69.e (7.4)

69.6 (7.9)

Dataaremean(SD)mmHg'*Adjustedforageatfollow-up'sex'birthweightzscores'body
mass index and age at intriuction of solids. tbifference between means and95%o Cl'
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4.6 Discussion

This chapter has shown that antenatal exposure to a single course of betamethasone for

the prevention of RDS does not alter blood pressure at six years of age' This result

adds to the body of evidence that a single course of antenatal betamethasone does not

cause any long-term adverse outcomes.2 
3

This is the first report of blood pressure in prepubescent children following exposure to

antenatal betamethasone and comes from the first and largest randomised trial in the

field. The only other report of blood pressure following a RCT of antenatal

betamethasone exposure was from a smaller study at a mean age of twenty years'tr The

authors found that systolic blood pressure was significantly lower in the betamethasone

exposed offspring. This finding is potentially consistent with the trend towards lower

systolic blood pressure in the betamethasone-exposed children reported in this chapter'

The 30 year follow-up addressed in chapter 5 will clarify whether this trend becomes

more apparent with age.

The findings of this chapter differ from those of a previous non-randomised preterm

cohort studied in adolescence.t*'In that study the authors reported higher mean systolic

and diastolic blood pressure in 177 ex-VLBW 14 year old children.l82 It is possible that

the reasons why mothers did or did not receive glucocorticoids in that cohort may have

introduced unidentified bias that may account for the higher blood pressure in the

exposed offspring. It is also possible that the effects of glucocorticoid exposurc vary
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with birth weighr or gestation. The adolescents studied all had a birth weight of

<1,5009, whereas this analysis included only 20 children with a birth weight <1,5009

(9Vo). Although adjustment for prematurity did not alter the results of this chapter, the

small numbers of very preterm children may have limited the ability to detect such an

effect, even if it was Present.

The exclusion from follow-up of 80 children may be viewed with concern in the light of

curTent convention for intention-to-treat analysis. However 30 years ago those infants

classified as having major fetal abnormalities had much higher morbidity and mortality

than seen in current clinical practice. Furthermore, obstetric management of the

conditions that comprised the other exclusion criteria has also changed dramatically'

Thus the children born after unplanned premature labour who are the subject of this

chapter are perhaps the group most directly comparable with similar children who are

currently exposed to prenatal glucocorticoids. Within this group the follow-up rate was

7OVo, and the losses to follow-up should only be of concern if they are different in the

treated and placebo groups; there is no evidence that this was the case'

In fact this cohort is particularly suitable to assess the long-term effects of antenatal

glucocorticoid exposure as there was little evidence of differences in neonatal morbidity

between the two groups that might have affected later blood pressure. In the Auckland

Steroid Trial as a whole, the primary endpoints of RDS and perinatal death were

significantly reduced in the glucocorticoid-exposed babies. However in this subgroup

of survivors, the incidence of RDS, low Apgar scores and neonatal infection were all

similar in the betamethasone and placebo-exposed grouPs. Thus it seems unlikely that
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differences in neonatal illness severity or treatments could explain the findings in this

cohort.

A further concern may be that the cohort presented in this chapter included only eight

children born at less than 30 weeks gestation. However the expected neonatal outcome

for these very immature infants today is similar to that of the more mature cohort 30

years ago.

Benediktsson et al initially reported the programming effect of antenatal

glucocorticoids on later blood pressure [Table 1.2].5 They reported that exposure of

pregnant rat dams to exogenous glucocorticoid (dexamethasone) resulted in increased

blood pressure in their adult offspring. Alteration of glucocorticoid receptor numbers

and 6RNA in various parts of the brain, particularly the hippoc:rmpus and the

hypothalamic periventricular nuclei, is thought to.be the one of the key mechanisms by

which this effect is mediated.l6e l7o While this chapter does not provide direct support

for the glucocorticoid hypothesis for developmental origins of adult disease,4l2 it does

not refute it. The results show that exposure of a human fetus in late gestation to a

single course of maternal betamethasone administration for prevention of RDS does not

prograrnme blood pressure in childhood. However this exposure results in

glucocorticoid levels in the fetus that are similar to those induced by the stress of

premature delivery and RDS, and much lower than those resulting from the

administration of glucocorticoids to prevent or treat neonatal chronic lung disease.3 In

contrast, the many animal studies showing that antenatal glucocorticoid exposurE

programmes postnatal blood pressure have involved exposure either very early in
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gestationl6s or in high dose over prolonged periods.s Unforhrnately there are no studies

of short-term, lower dose exposure in animals comparable to that used in clinical

practice. Thus it remains possible that earlier and/or more prolonged glucocorticoid

exposure could programme postnatal blood pressure in man, although the critical

exposure period and size of this effect remains uncertain. Given that current obstetric

practice commonly involves glucocorticoid administration beginning much earlier in

gestation than in this trial, and in repeated courses,al3 long-term follow-up of more

recenr RCT participants will be essential to clarify this issue.

4.7 Summary

This chapter suggests that obstetricians should continue to use a single course of

antenatal glucocorticoids for the prevention of neonatal RDS with the confidence that

such exposure does not alter blood pressure at six years of age. The long-term effect in

man of repeated courses of antenatal glucocorticoids and of ex'posure in eady gestation

remains unknown.

20s



5 Cardiovascular risk factors at age thirty years

following antenatal glucocorticoids

5.1 Summary of chapter contents

This chapter reports the recruitment into the physiological follow-up study as well as

the results for participants' socio-economic status and cardiovascular risk factors

(including HPA axis function). Results for spirometry and plasma IgE, taken as part of

the physiological follow-up study, are reported in chapter 7.

5.2 Introduction

In high-income countries, and increasingly in middle and low-income countries,

cardiovascular disease and its risk factors of obesity, dyslipidaemia, t)pe 2 diabetes,

and hypertension are a major burden on health resources.ot4 Over the past two decades a

large amount of epidemiological evidence has shown increased rates of cardiovascular

mortality and associated risk factors in those born small,a although there is uncertainty

about the size of these associations.26 Fetal exposure to excess glucocorticoids is

proposed as one of the core mechanisms explaining these epidemiological findings.s



As the first infants exposed to antenatal glucocorticoids enter adulthood, knowledge of

the long-term effects of antenatal glucocorticoids on cardiovascular disease and

associated risk factors remain limited.2 3 A small follow-up study reporting blood

pressure in 8l twenty year olds from a RCT found lower mean systolic blood pressure

in those exposed to antenatal glucocorticoids (mean systolic blood pressure; males 116

vs. I 19 mmHg, females I 12 vs. 116 mmHg, p=0'05)'am con"ersely a non-randomised

cohort of 177 fourteen year olds found that those exposed to glucocorticoids had higher

mean systolic and diastolic blood pressure (mean difference systolic 4.1 mmHg,

diastolic 2.8 mmHg).r82

5.3 Chapter hypothesis

That antenatal exposure to betamethasone for the prevention of neonatal RDS does not

alter mortality after the neonatal period, socio-economic status, prevalence of coronary

heart disease, prevalence of cerebrovascular disease, body size, blood pressure, plasma

lipids, fasting plasma cortisol, prevalence of diabetes or response to a fasting glucose

tolerance test at age 30.
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5.4 Additional statistical methods used in chapter analyses

The primary aim of the chapter analyses was to comparc mortality after the neonatal

period, prevalence of cardiovascular diseases, socio-economic status, body size, blood

pressure, fasting plasma lipids, cortisol, and measures of insulin and glucose between

30 year olds exposed to antenatal betamethasone and those exposed to placebo. Primary

analyses were unadj usted.

Secondary analyses using multiple linear regression adjusted for confounding, decided

a priori, by the baseline variables of sex and trial type, together with the post-

randomisation variables of birth weight, gestational age, and BMI.

Further confounders were explored using the change in estimates technique at the lOVo

level.all

5.5 Results

5.5.1 Recruitment

Of the 988 neonatal survivors

successfully traced. The method

the Auckland Steroid Trial 713 (72Vo) were

which these neonatal survivors were located is

of

by
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summarised in Table 5.1. Four hundred and twenty three of the neonatal survivors

located, 59Vo of those successfully traced, were traced in the pilot study or from the

initial search of the archived daily birth records for National Women's Hospital,

archived card index records of all admissions to National Women's Hospital and St

Helen's Hospital, National Birth Register microfiche, New 7*aland National Health

Index, New Zealand electoral roll, New Tnaland telephone directory and internet

databases. An additional 148 (2l%o) of the neonatal survivors located were traced using

the above search strategies to first locate their mother or siblings. Repeating the above

search strategies for those subjects still not located after one year resulted in the

successful tracing of a further 43 (6Vo) neonatal survivors.

Table 5.1: Successful methods of tracing the neonatal survivors of the Auckland Steroid

Trial.

Tracing method

Known death from WHO follow-up

Pilot study

Initial search of databases*

Search of databases for mother's contact details*

Search of databases for sibling's contact details*

Media release.early in recruitment

Media advertisement late in recruitment

National Death Register search

Second search of databases*

New Zealand Post Household Postal Address Directory search 5 (l)

n (Vo)

14 (2)

8s (12)

338 (47)

l l9 (17)

2e (4)

s2 (7)

2 (0)

28 (4)

43 (6)

Total number of neonatal survivors successfully traced 713

*Search included archived daily birth records for National Women's Hospital, archived card

index records of all admissions to National 'Women's Hospital and St Helen's Hospital,

National Birth Register microfiche, New Znaland National Health lndex, New Zealand electoral

role, New Znaland telephone directory and internet databases.
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Five hundred and thirty four neonatal survivors were subsequently enrolled in the

physiological follow-up (56Vo of those presumed to be alive and SOVo of those traced

and presumed to be alive) [Figure 5. I ]. Of these, 458 (86Vo) individuals completed the

full study protocol, with a further 76 completing the study questionnaire alone. Four

hundred and thirty four (857o) individuals lived in New Z.ealand;329 (627o) in the

greater Auckland area, 105 (ZOVo) in the remainder of the North Island and 20 (4Vo) in

the South Island [Figure 5.2]. Eighty (lS%o) individuals lived overseas, 36 (77o) in

Australia [Figure 5.3]. Of the 80 individuals living overseas, 54 completed the study

questionnaire alone (68Vo of participants living overseas and TlVo of participants

completing the study questionnaire alone).

Two hundred and seventy five (6lVo) of the 454 neonatal survivors who were

unavailable for the physiological follow-up were unable to be traced and considered

lost to follow-up. Further reasons for unavailability included: ft4 (23Vo) individuals

declining participation, S3 (7Vo) residing overseas and 42 (9Vo) dearhs between 28 days

of age and the physiological follow-up. Reasons for unavailability did not differ

between the two treatment groups [Figure 5.1].

The mean age (+SD) at follow-up was 30.6+1.0 years in the 253 betamethasone-

exposed participants and 30.610.9 years in the 281 placebo-exposed participants

(p=0.64).
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Figure 5.1: Participant flow to physiological follow-up study-

/hX7
560 Betamethasone mothers

601 Betamethasone exposed infants

108 Neonatal deaths

240 Unavailable

c 141 Lost to follow-up

r 55 Declined
r 23 Overseas
r 21 Deceased

253 Followed-up

o 224 Full protocol

r 29 Questionnaire only

582 Placebo mothers

617 Placebo exposed infants

122 Neonataldeaths

214 Unavailable

o 134 Lost to follow-up

r 49 Declined
r 10 Overseas
o 21 Deoeased

281 Followed-up

o 2M Fullprotocol
r 47 Questionnaire only
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Figure 5.2: I-ocation of participants in the physiological follow-up study who resided in

New Zealand.

Residing in New Zealand
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5.5.2 Mortality

Twenty one participants in each treatment group had died between 28 days of age and

the physiological follow-up (RR=O.99, 95Vo Cl, O.73 to 1.34, p=0.93) [Figure 5.U. The

median age at death was similar in the two groups (betamethasone=O.5 years (IQR{).3

to l3), placebo=2.9 years (IQR=0.2 to l9)). Death certificates were obtained for 28

(67Vo) of the 42 deaths. Infection was listed as the primary cause of death on 12 (43%)

of the 28 death certificates. Further reported primary causes included: faw (14%)

individuals dying of sudden infant death syndrome, srx (TlVo) committing suicide and

six (Zl%o) dying after trauma. There was no difference in the primary cause of death

between the two treatment groups [Table 5.2].

Table 5.2: himary cause of death in betamethasone and placebo-exposed gtoups who

died between2S days of age and the physiological follow-up study.

Cause of death n (Vo)

Infection

Sudden infant death syndrome

Suicide

Trauma

Other/unknown 6 (2e) 8 (38)

Betamethasone

n=21

6 (2e)

3 (r4)
3 (14)

3 (14)

Placebo

n=21

6 (2e)

I (5)

3 (14)

3 (14)

P value for difference acn)ss causal groups=O.86.
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5.5.3 Perinatal characteristics

Those who participated in the follow-up were more likely to be from a multiple

pregnancy Qa (4Vo) of 534), female (275 (Slvo)), and born preterm (371 (69Vo))

compared to those presumed to be alive but unavailable for follow-up lTable 5.3].

Participants were also lighter at birth (mean birth weighttSD=2343f7449 vs.

2505!7199) than those unavailable for follow-up. This was due to participants being

born at an earlier gestational age (median gestational age=35 weeks (IQR=33.3 to 37.6)

vs. 36 weeks (IQR=34 to 39)); the two groups had similar birth weight z scores. There

were no significant differences in other perinatal characteristics between those

participating in the follow-up and those presumed to be alive but unavailable for

follow-up [Table 5.3].

Of the participants followed up, the betamethasone-exposed group enrolled in the

original trial four days earlier than those in the placebo-exposed group (median

gestational age=33 weeks (IQR=30.4 to 34.3) vs. 33.6 weeks (IQR=31 to 34.9)) [Table

5.41. This difference appears to be due to chance, as it was also seen in the entire

cohort in the original Auckland Steroid Trial (betamethasone=32.4 weeks (IQR=29.3 to

34.3), placebo=33 weeks (IQR=30 to 34.6), p=O.06). The betamethasone-exposed

participants subsequently delivered three days earlier than the placebo-exposed

participants (median gestational age=34.9 weeks (IQR=33 to 37) vs. 35.3 weeks

(IQR=34 to 38)). However trial entryto-delivery interval was similar in the two

treatment groups. There were no significant differences in other perinatal characteristics

between the two treatment groups [Table 5.4].

2t5



Table 5.3: Perinatal characteristics of infants with and without physiological follow-up

in those infants presumed to be alive at 30 years.

Characteristic

Maternal characteristics

Multiple pregnancy

Unplanned premature labour

Complicated by hypertension

Gestational diabetes

Haemolyic disease

Instrumental delivery

Gestational age at entry, days

Entry/delivery interval, days

Trial I
Betamethasone treatment

Neonatal characteristics
Male

Gestational age delivery, days

Term delivery

Birth weight, grams

Birth weight z score

Birth weight <lOth centile

Fetal distress

5 min Apgar >7

RDS

Follow-up
n=534

74 (r4)
435 (82)

42 (8)

e (2)

?9 (s)

2e6 (ss)

233 (2t7 to243)
4.0 (1.8 to 32)

336 (63)

2s3 (47)

No follow-up p

n=4t2

39 (10) 0.04

34e (85) 0.19

2s (6) O.29

4 (l) 0.41

12 (3) 0.06

2r3 (s2) o.25

231 (217 to244'1 O.92

6.1 (1.6 toM) 0.12

249 (60) O.44

219 (s3) 0.08

259 (4e)

245 (233 to263)
163 (31)

2343t744
-o.36fi.97

86 (16)

82 (rs)
4ls (78)

46 (e)

264 (e)
252 (238 to 273)

l7l (42',)

2505*719

-0.4r10.96

68 (17)

s0 (12)

332 (81)

23 (6)

<0.001

<0.001

<0.001

d.001
0.48

0.87

0.16

0.28

0-08

o.20RDS (moderate or severe) 32 (6) 17 (4)

Data are n(Vo), median (IQR) or rneantSD. RDS=Respiratory distress syndrome.
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Table 5.4: Perinatal characteristics of betamethasone and placebo-exposed groups with

physiological follow-up.

Characteristic

Maternal characteristics
Multiple pregnancy

Unplanned premature labour

Complicated by hypertension

Gestational diabetes

Haemolytic disease

lnstrumental delivery

Gestational age at entry, days

Entry/delivery interval, days

Trial I

Neonatal characteristics
Male

Gestational age delivery, days

Term delivery

Birth weight, grams

Birth weight z score

Birth weight <lOth centile

Fetal distress

5 min Apgar >7

RDS

RDS (moderate or severe)

Betamethasone

n=253

42 (t7)
2r2 (84)

2l (8)

4 (2)

12 (s)

148 (se)

231 (213 to 240)

3.9 (1.6 to 3l)
160 (63)

Placebo p
n=281

32 (rt) 0.08

223 (79) 0.19

2r (8) 0.72

s (2) 1.00

t7 (6) 0.sl
148 (s3) 0.18

235 (217 Io2M) 0.04

4.1 (1.9 to 34) 0.84

176 (63) 0.88

133 (53) 126 (4s\ 0.07

244 (231to259) 247 (238 to 266) 0.03

68 (27) e5 (34) 0.08

2290:t769 239lrJl9 0.12

-0.36$.93 -0.36+1.01 0.92

38 (ls) 48 (r7) O.sz

33 (r3) 4e (r7) 0.16

res (77) 220 (78) 0.74

t7 (7\ 29 (10) 0.r4
10 (4) 22 (8) 0.06

Data are n (Vo), median (IQR) or meantSD. RDS=Respiratory distress syndrome.

5.5.4 Parental characteristics

There was no difference between the two treatment groups in parental history of

cardiovascular disease or death, hyperlipidaemia, diabetes, asthma, smoking or of
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parental age at delivery [Table 5.5J. However more fathers of betamethasone-exposed

participants had a history of hypertension (85 (34Vo) vs.72 (26Vo))-

Table 5.5: Parental characteristics of betamethasone and placebo-exposed groups with

physiological follow-up.

Characteristic

Maternal characteristics
Age at delivery, years

Cardiovascular death

History of cardiovascular disease

History of hyperlipidaemia

History of asthma

Smoker during pregnancy

Paternal characteristics
Age at delivery, years

Cardiovascular death

History of cardiovascular disease

History of hypertension

History of hyperlipidaemia

History of diabetes

History of asthma

Betamethasone

n=253

25.4!5.8

5 (2)

27 (tt)
4e (le)
4l (16)

t3 (29)

28.7+6.8

s (2)

4e (1e)

85 (34)

6e (21)

le (8)

2e (r2)

Placebo

n=281

25.9t5.9
7 (2)

4l (15)

s7 (2O)

48 (t7)
72 (26)

28.7fi.7
13 (4)

63 (22)

72 (26)

9r (3?)

26 (e)

28 (lo)

0.35

0.78

0.18

o.79

o.79

0.40

0.91

0.10

0.39

0.04

0.20

o.47

0.58

Smoker during participants childhood 132 (52) 146 (54 ---- 996

Data are meantSD or n (Vo).

5,5.5 Ethnicity and lifestyle characteristics

Approximately three quarters of palticipants identified themselves as EuroP€ffi, with a

further fifth identifying themselves as Maori. There was no difference in ethnic origrn

between the two treatment groups. There was no difference between the two treatment

groups in the proportion of participants who were non-smokers; approximately half of
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all participants. However there were more betamethasone-exposed participants who

were current smokers (betamethasone=87 (34Vo), placebo=75 (27Vo), p for difference

between groups across the three categories of tobacco use=O.M). There was no

difference in alcohol use or exercise between the two treatment groups [Table 5.6].

5.5.6 Socio-economic characteristics

Over half of participants in both treatment groups were married or Iiving with a partner,

and a similar proportion had attended education beyond high school level. One hundred

and twenty eight (6LVo) of the betamethasone-exposed and 133 (62Vo) of the placebo-

exposed participants had a household income of greater than NZ$40,000. There was no

difference in socio-economic status determined by occupation3a3 or other measures of

socio-economic status between the two treatment groups [Table 5.6].

5.5.7 Past cardiovascular disease

No betamethasone-exposed and two ( l7o) placebo-exposed participants had a history of

coronary heart disease (RR=n/a, p=0.50). One (07o) betamethasone-exposed and two

(IVo) placebo-exposed participants had a history of berebrovascular disease (RR=0.56,

95Vo CI=O.05 to 6.09, p=I.00).
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Table 5.6: Adult characteristics of betamethasone and placebo-exposed groups with

physiological follow-up.

Characteristic

Bthnic origin
European

Maori

Pacific

Other

Tobacco use

Non-smoker

Former

Current

Alcohol use*

Non drinker

Social drinker

Heavy drinker

Marital status

Single

Separated/divorced/widowed

Manied or living with partner

Education level

High school <4 years

High school >3 years

Polyechnic

University

Socio-economic statust
I

2

3

4

5

6

Physical activity
No moderate exercise/day

<30 minutes moderate exercise/day

)30 minutes moderate exercise/day

No vigorous exercise/day

<30 minutes vigorous exercise/day

Betamethasone

n=253

rel (76)

47 (r9)
l4 (6)

I (0)

127 (s0)

3e (ls)
87 (34)

s8 (23)

r44 (s7)

5r (20)

el (36)

13 (s)

149 (s9)

e Qs)
s6 (22)

72 (29)

6r (24\

l6 (7)

47 (te)
6l (2s)

ss (23)

32 (t3)
33 (t4)

Placebo

n=281

r98 (71)

67 (24)

l3 (5)

3 (l)

t42 (sr)
64 (23)

7s (27)

7s (27)

165 (5e)

41 (15)

103 (37)

e (3)

l6e (60)

66 (24)

s7 (2o)

e2 (33)

6s (23)

14 (5)

46 (t7)
8r (30)

63 (23)

48 (18)

is (z)

4l (r5)
r23 (44)

I l6 (41)

e0 (32)

84 (30)

0.36

0.04

0.20

0.53

o.74

0.1I

o.2848 (le)
e7 (38)

108 (43)

e4 (37)

& (25)

0.28

>30 minutes vi 95 (38 107 (38)
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Data are n (%)-*Based on standard units of alcohol consumption, a-djusted for sex.H fBased on

occupation, I =highest socio-economic group.s3

5.5.8 Medication use

Three (l7o) betamethasone-exposed and ten (4Vo) placebo-exposed participants were

currently using antihypertensive medication (RR=0.33, 95Vo Cl=O.09 to 1.20, p=O.09).

More betamethasone-exposed females were currently using the oral contraceptive pill

(betamethasone=44 (4l%o), placebo=39 (28Vo), RR=1.47, 957o CI=1.03 to 2.08,

p=0.03). As oral contraceptive use is known to affect a number of the outcomes

measured, all outcomes were adjusted for this post hoc in secondary analyses.

5.5.9 Body size

The betamethasone-exposed participants were on average 1.9 cm taller than the

placebo-exposed participants. However this difference was due to there being more

males in the betamethasone-exposed group and was no longer significant after

adjustment for sex [Table 5.7]. There were no significant differences in other body size

and skinfold thickness variables between the two heatment groups.
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5.5,10 Blood pressure

A previous diagnosis of hypertension was reported by 38 (l1Vo) betamethasone-

exposed and 52 (l9%o\ placebo-exposed participants (RR=O.81 ,95Vo CI=0.55 to 1.19,

p=0.28). There were no differences in measured resting systolic or diastolic blood

pressure between the two treatment groups [Table 5.7]. Exclusion of participants taking

antihypertensive medication or adjustment for paternal history of hypertension did not

alter results.

5.5.11 Fasting lipids

A previous diagnosis of hyperlipidaemia was reported by 18 (7Vo) betamethasone'

exposed and 2O (TVo) placebo-exposed participants (RR=I.OO, 95Vo CI=O.54-1.85,

p=1.00). No participants reported taking lipid reducing agents. There were no

differences in fasting plasma cholesterol or triglyceride levels between the two

treatment groups [Table 5.71.

5,5.1 2 Hypothalamic-pituitary-adrenal axis function

Mean early morning plasma cortisol levels were 7Vo higher in the betamethasone-

exposed group (446 vs. 415 nmoUl, ratio of geometric means=I.O8,95Vo CI=1.00 to

1.16, p=O.06). However this difference was abolished after adjustment for sex, trial
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type, birth weight, gestational age, BMI and oral contraceptive use (betamethasone=S58

nmollL, placebo=534 nmolll-, ratio of geometric means=1.05,95Vo CI=0.98 to l.ll,

p=0.17).

5.5.13 Glucose tolerance test

The two (l7o) betamethasone-exposed and three (lVo) placebo-exposed participants

with a previous diagnosis of diabetes were excluded from the glucose tolerance test

(RR=0.74, 95Vo Cl=O.12 to 4.40, p-1.00) There was no difference between treatment

groups in mean fasting glucose and insulin levels (glucose betamethasone=4.9 mmol/L,

placebo=4.8 mmol/I-, difference=O.0l mmollL,g|Vo CI=-0.09 to 0.11, p=0.88; insulin

betamethasone=8.O mIU/L, placebo=7.6 mIU/l-, ratio of geometric means=1.06,957o

CI=0.95 to 1.18, p=0.33).

There was no difference in glucose levels between the treatment groups at 30 minutes

(betamethasone=7.5 mmol./L, placebo=7.3 mmol/L, difference=0.19 mmoVl,95Vo Cl=-

O.l4 to 0.51, p=0.27). By 30 minutes insulin levels were significantly higher in the

betamethasone-exposed participants (betamethasone=60.5 mIUlL, placebo=52.0

mIU/L, ratio of geometric rfl€?rs=l '16,95vo cl=l'03 to l'31, p=0'02)' There is some

evidence that the difference was more marked in females (female betamethasone=60.3

mIU/L, placebo--47.3 mIU/L, ratio of geometric means=1.28,95Vo CI=1.08 to 1.51,

p=0.005; male betamethasone=60.8 mIU/L, placebo=58.0 mIU/L, ratio of geometric

means=1.05, 95Vo CI=O.88 to 1.25, p=O.59; heterogeneity p=0.16), and in those
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exposed to the higher dose of betamethasone (trial 2) (rial 2 betamethasone=65.9

mfU/L, placebo=51.5 mIU/L, ratio of geometric rn€ars=I.28, 95Vo CI=1.04 to 1.58,

p=0.02; trial I betamethasone=S7.1 mIU/L, placebo=52.3 mIU/L, ratio of geometric

means=l.lO,9SVo CI=0.95 to 1.28, p=0.19; heterogeneity p=0.24). However adjustment

for sex, trial type, birth weight, gestational age, BMI and oral contraceptive use did not

change the overall result (betamethasone=62.I mIU/L, placebo=54.3 mIU/L, ratio of

geometric means=I.15,95Vo CI=I.03 to 1.28, p=0.01).

By 120 minutes glucose levels were lower in the betamethasone-exposed participants

(betamethasone=4.8 mmol/L, placebo=5.I mmol/L, difference=-O.26 mmoUL, 95Vo

CF-0.53 to 0.00, p=O.05). This difference remained after adjustment for sex, trial type,

birth weight, gestational age, BMI and oral contraceptive use (betamethasone=4.8

mmoVl-, placebo=5.I mmolll, difference=-0.29 mmoUL, 95Vo CI=-0.55 to -0.04,

p=0-02). However there was no difference in 120 minute insulin levels between the

treatment groups (betamethasone=21.0 mIU/L, placebo=23.5 mIU/L, ratio of geomeftic

means=0.89,95Vo CI=0.75 to 1.06, p=0.20).

5.5.1 4 Secondary analyses

Adjustment for sex, trial type, birth weight, gestational age, BMI, and oral

contraceptive use did not change the socio-economic status, body size, or lipid results.

No additional confounders were identified from the change in estimates analyses

conducted.
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5.6 Discussion

The research in this chapter examines 534 neonatal survivors at 30 years of age from

the first and largest RCT of antenatal betamethasone for the prevention of neonatal

RDS. Antenatal exposure to betamethasone does not alter socio-economic status, body

size, blood pressure, fasting plasma lipids, fasting plasma cortisol or prevalence of

diabetes and cardiovascular disease at thirty years of age. However antenatal exposure

to betamethasone may result in greater central insulin resistance, as indicated by the 30

minute insulin and 120 minute glucose response to an oral glucose tolerance test.

The only other report of outcome in adulthood following a RCT of antenatal

glucocorticoids was from a smaller study of 81 participants at a mean age of 20 years.

The authors found that systolic blood pressure was significantly lower in the

betamethasone-exposed offspring.o* They also found no difference in weight, height,

head circumference or socio-economic status between groups, which is consistent with

the findings in this chapter. However as socio-economic status at 2O years is highly

correlated with parental socio-economic status, the findings in this chapter of no

difference at age 30 are reassuring. There have been no previous reports of fasting

lipids, or the function of the HPA and glucose/insulin axes following antenatal

glucocorticoid exposure.

The research presented in this chapter is the first to report long-term cardiovascular risk

factors into adulthood following exposure to antenatal htamethasone. It therefore
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provides the frst experimental evidence in man to demonstrate long-term effects of

fetal glucocorticoid exposure. The data are particularly robust since the trial was

randomised, was the first and largest such study with very few mothers not considered

for randomisation and there were similar numbers of neonatal survivors with similar

perinatal morbidity from both treatment groups. Furthermore, since the use of antenatal

glucocorticoids is now recommended best practice3 it would be unethical to repeat such

a trial, and thus these data are most unlikely to be replicated.

There are a number of potential limitations to the generalisability of the results. Firstly,

follow-up was obtained for 56Vo of those presumed to be alive. However this would

bias the results only if the association between betamethasone exposure and

cardiovascular risk factors differed between those followed up and those who did not

participate in the physiological follow-up study. Since the original trial was

randomised, there is no reason to think this might be the case. Furthermore, the

physiological follow-up study attempted to recruit participants 30 years after they had

been involved in a trial during the perinatal period. This remains one of the longest

periods of such follow-up attempted and direct comparison with other perinatal trials is

impossible. Yet recruitment into the physiological follow-up study compares

favourably with two longitudinal birth cohort studies, involving periodic assessment,

that have been conducted in New Zealand. At age 26 the Dunedin Multidisciplinary

Health and Development Study recruited 954 (577o) of the 1,661 births from Queen

Mary Maternity Hospital in Dunedin between April 1972 and March lg73.2u 34o

Similarly at age 2l the Christchurch Health and Development Study recruited l,Ol I

(8OVo) from their cohort of 1,265 births.ars The original cohort in the Christchurch
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Health and Development Study was derived from a larger population of all births born

in Christchurch in mid-1977.

Secondly, only 5Vo of those participating in the physiological follow-up study were

born at less than 30 weeks gestation. Hence, the findings of the research presented in

this chapter must be interpreted with caution in relation to babies exposed to antenatal

betamethasone earlier in gestation. However the expected neonatal outcome for these

very immature infants today is similar to that of the more mature cohort 30 years ago.

Furthermore, as the majority of infants exposed to antenatal glucocorticoids are born at

greater than 30 weeks gestation the results have wide applicability to current obstetric

and neonatal practice.

Thirdly, the peak incidence of cardiovascular disease, the consequence of the endpoints

reported in this chapter, occurs later than 30 years of age. For this reason it is important

to conrinue to follow these participants for as long as possible. Nevertheless other

studies investigating the developmental origins of adult disease have found significant

effects at 30 years of age or younger. Phillips et al reprted an association between low

birth weight and raised plasma cortisol concentrations in 165 men and women at a

mean age of 20 years,263 Similarly, Bhargava et al reported an association between

thinness in infancy and the presence of impaired glucose tolerance or diabetes in lA92

men and women at26 to 32 years of age.ot6
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Fourthly, there is a possibility that chance due to multiple comparisons in the analyses

may explain the significant results reported in this chapter. However all outcomes were

pre-specified and the resulting p values are relatively small. Thus a type one error is

possible but unlikely.

Finally, as 14 percent of participants of the physiological follow-up study are from

multiple pregnancies there is the potential for clustering of outcomes in siblings to have

an impact on the results. Clustering of infant outcome, due to non-independence of

subjects (i.e. babies from the same pregnancy are likely to have more similar outcomes

than babies from different pregnancies), is a well recognised potential problem in RCTs

conducted during the antenatal period. A common approach to this problem in analysis

of perinatal RCTs is to ignore it and assume non-independence between subjects.

Although this approach reduces the "effective sample size" of the trial it is likely to be

valid in situations were multiple pregnancies only make up a small proportion of

subjects.alT Alternative approaches to analysis include random selection of just one

infant from each multiple pregnancy or analysis by pregnancy (the number of women is

the trial denominator and a woman is counted as having an outcome if any of her

infants do), although both these approaches result in ignoring a proportion of trial

data.arT A further alternative is to utilise methodologies developed for cluster RCIs,

where.participants collect in groups around doctors or schools.als This approach is the

gold-standard method for large perinatal trials. However this approach may make little

difference to risk estimate when compared to assuming non-independence, although the

confidence intervals will be a little wider reflecting the slightly reduced 'tffective

sample size.'At7 For the analyses of the data conducted in this chapter non-
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independence of data from infants of the same pregnancy was assumed. However

analysis of data only from singleton pregnancies did not change the results.

Benediktsson et a/ described increased fetal glucocorticoid exposure as a possible

mechanism explaining the epidemiological link between low birth weight and

subsequent adult disease.t Numerous animal paradigms in different species have since

been developed utilising excess fetal glucocorticoid exposure, including endogenous

glucocorticoids, to demonstrate physiological changes in adult blood pressure, and in

the function of HPA and glucose/insulin axes in the offspring. Unfortunately most of

these studies involve glucocorticoid exposure early in gestationlut or over prolonged

periods.ale However these studies provide clues to possible biological mechanisms that

may explain the findings reported in this chapter. Antenatal glucocorticoid exposure has

been shown to permanently alter hepatic glucocorticoid receptor numbers and mRNA

levels resulting in altered function of the glucose/insulin axis.a2o

The changes in the glucose/insulin axis reported in this chapter are statistically

significant and physiologically interesting but clinically very small and of uncertain

consequence. Nevertheless, the data provide the first experimental evidence in man to

support the glucocorticoid hypothesis for developmental origins of adult disease. This is

despite the participants in the Auckland Steroid Trial being exposed in late gestation for

a brief period to a dose of synthetic glucocorticoid approximately equivalent to that

produced physiologically by a stressed sick preterm infant with RDS.3 This dose is

considerably smaller than that given to infants after birth to prevent or treat neonatal

CI.rr2l7-zts or the equivalent endogenous glucocorticoid exposure following prolonged
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stress in utero.3 Therefore it is possible that earlier and/or more prolonged

glucocorticoid exposure could have greater and clinically significant effects on later

cardiovascular risk factors. Indeed in sheep, antenatal dexamethasone in the first month

of pregnancy has resulted in hypertensive adult offspringr6s and repeat doses of

betamethasone later in pregnancy have resulted in changes to the glucose/insulin axis of

the adult offspring.l6 Given that current obstetric practice commonly involves

glucocorticoid administration beginning much earlier in gestation than in the Auckland

Steroid Trial, and in repeated courses,o'' long-term follow-up of participants in more

recent RCTs will be essential to clarify this issue.

The apparently greater effect of glucoconicoid exposure on the glucose/insulin axis in

females is noted with interest. Various animal models of long-term programming have

also described sex differences in outcomes. ln the guinea pig maternal undernutrition

during pregnancy has resulted in later raised blood pressure in male but not female

offspring.a2l Similarly, dexamethasone given to pregnant guinea pigs results in different

effects on the HPA axis of male and female offspring.a22 The underlying mechanisms

explaining these apparent sex differences remains unknown. However such sex

differences in the current research must be interpreted with caution due to the post hoc

nature of this subgroup analysis.
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5.7 Summary

In conclusion, there are no differences in socio-economic status, body size, blood

pressure, fasting plasma lipids, fasting plasma cortisol or prevalence of diabetes and

cardiovascular disease 30 years after antenatal exposure to betamethasone. A single

course of antenatal glucocorticoids for the prevention of neonatal RDS significantly

reduces rates of neonatal RDS, necrotising enterocolitis, intraventricular haemorrhage

and mortality.2 It is therefore recommended that obstetricians continue to us€ a single

course of antenatal glucocorticoids for the prevention of neonatal RDS.

However betamethasone-exposed participants show small increases in insulin

resistance. While this finding is of no clinical significance at 30 years, it may signify

greater diabetes and cardiovascular disease risk as this cohort ages. The findings of

changes in the glucosey'insulin axis provide the first experimental evidence in humans to

support the glucocorticoid hypothesis for the developmental origins of adult disease.

The long-term cardiovascular effect in humans of repeated courses of antenatal

glucocorticoids and of exposure in early gestation remains unknown.
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6 Cardiovascular risk factors at age thirty years

following preterm birth

6.1 Summary of chapter contents

This chapter reports the results of participants' cardiovascular risk factors following

preterm birth from the physiological follow-up study data.

6.2 Introduction

Cardiovascular disease and its risk factors of obesity, dyslipidaemia, tSrpe 2 diabetes

and hypertension are a major burden on health.a'o Over the past two decades a large

amount of epidemiological evidence has shown increased rates of cardiovascular

mortality and associated risk factors in those born small,a alttrougtr there is uncertainty

about the size of these association s.246 
247 Low birth weight in partlcular has been

associated with later increased blood pressure, increased plasma cholesterol and cortisol

levels and impaired glucose and insulin metabolism.246 
247 26t 263 However the studies

reporting these findings have failed to adequately distinguish between the contributions

of length of gestation and fetal growth to size at birth. This is mainly due to the use of
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historical or tenn cohorts which include very few preterm individuals and lack

prospective information on length of gestation. Yet preterm birth remains the major

determinant of low birth weight.6

There have been few reports of blood pressure, plasma lipids, HPA axis firnction and

insulin/glucose axis firnction in adulthood following preterm birth. This is panly

because survival rates after preterm birth were very low before the 1970s, so that most

large well-defined cohorts of preterm survivors have not yet reached adulthood.

Furthermore, the cohorts of preterm survivors that have developed since the 1970s have

generally focused attention on neurodevelopmental sequelae and been restricted to

VLBW cohorts, despite the majority of preterm survivors being born at gestations of

>32 weeks and birth weights of >1,5009.6

Currently up to lT%o of all live births occur before 37 completed weeks gestation, with

those born at <32weeks or <l,50Og only accounting for 2.0Vo and L.SVo respectively.e

With current high survival rates ex-preterm survivors are becoming an increasing

proportion of society. If these infants have increased susceptibility to cardiovascular

disease in adulthood, as suggested from the relationships between low birth weight and

later increased cardiovascular risk in the historical and term cohorts, then determining

the importance of length of gestation or fetal growth to such risk will help define both

public health and obstetric policy.
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Administration of antenatal glucocorticoids was one of the first treatments shown to

substantially reduce mortality and morbidity in infants born preterm.2 The survivors of

the first RCT of this treatment (the Auckland Steroid Trial) iue now in their thirties, and

therefore comprise one of the earliest cohorts followed up after perinatal interventions.

All women enrolled into the original trial were considered to be at risk of preterm

delivery. However approximately one third delivered at term, and most of the

remainder delivered at what would now be considered only moderately preterm

gestations. Their surviving offspring therefore comprise a unique cohort whose

perinatal history, including birth weight and gestational ag€, was recorded

prospectively, and who have now survived into adulthood.

6.3 Chapter hypothesis

That preterm birth does not alter mortality after the neonatal period, socio-economic

status, prevalence of coronary heart disease, prevalence of cerebrovascular disease,

blood pressure, plasma lipids, fasting plasma cortisol, prevalence of diabetes or

response to a fasting glucose tolerance test at age 30.

6.4 Additional statistical methods used in chapter analyses

The aim of this analysis was to determine the independent influence of fetal gfowth,

explored as birth weight z scores, and gestational age on systolic blood pressure, fasting

plasma cholesterol, fasting plasma triglyceride, fasting plasma cortisol, and measures of
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insulin and glucose following a standard 75g oral glucose tolerance. The three glucose

and insulin measures were combined to give a composite insulin measure and a

composite glucose measure of area under the curve. Multiple linear regression was used

to assess the relationship of both birth weight and gestational age to adult outcomes.

The effect of preterm birth was also investigated as a binary variable in the regression

models, defined as birth before 37 completed weeks gestation. The effect of birth

weight, independent of preterm birth, was investigated using birth weight z scores in

models as these are adjusted for gestational age, and are thus independent of preterm

birth. Results are presented as the regression coefficient (F) t the standard error (SE).

Results are initially for univariate analysis. Further multivariate analysis included

adjustment for sex, antenatal betamethasone exposure and BMI decided a priori. ln

addition, in the univariate and multivariate analyses of the effect of gestational age and

preterm birth adjustment for birth weight z scor€s was included. Plasma cortisol,

triglyceride and insulin values were log-transformed in order to preserve the assumption

of normality for the regression.

Further exploratory analyses were conducted to determine the shape of the association

between gestational age and significant outcomes, following multiple linear regression,

using generalised additive models (spline regression).3? 
|

Background characteristics of the cohort were compared using standard tests.

Continuous variables were compared with unpaired t tests or Mann-Whitney tests for

parametric and non-parametric data respectively. Categorical data were compared with

* tests.

237



6.5 Results

6.5.1 Mortality

Twenty seven (4Vo) participants (n=639) who had been born preterm and 15 (4Vo) who

had been born at term (n=349) died between 28 days of age and the 30 year

physiological follow-up (RR=0.98,959o CI=0.53 to 1.82, p=0.98). The median age at

death was earlier in participants born pretenn (preterm=O.3 years (IQR=O.2 to 5.3),

term=18.4 years (IQR=0.4 to 21.8), p=O.006). There was no difference in the primary

cause of death between those participants born preterm and those born at term [Table

6.U.

Table 6.1: Primary cause of death in participants born preterm and born at term who

died between 28 days of age and the physiological follow-up study.

Cause of death n (Vo) Born preterm Born at term

Infection

Sudden infant death syndrome

Suicide

Trauma

Other/unknown

n=27

e (33)

2 (7)

2 (7)

3(lr)
l l (4r)

n=15

3 (20)

2 (13)

4 (27)

3 (20)

3 (20)

P value for difference across causal groups=0.26.
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6.5.2 Background perinatal characteristics

Of the 534 participants who completed the physiological follow-up study, 458 (86%)

had data on the primary outcomes of interest reported in this chapter. One hundred and

forty seven participants had been born at term and 3l I participants had becn born

preterm (51 vs. 44Vo of those presumed to be alive at age 30, p=0.05). Those with

follow-up at age 30 were more likely to be from a multiple pregnancy, female, and born

preterm compared to those presumed to be alive but without follow-up. Those who

participated were also lighter at birth. This difference was due to being bom at an

earlier gestational age, as both groups had similar birth weight z scores. There were no

significant differences in other perinatal characteristics between those with follow-up

and those presumed to be alive but without follow-up [Table 6.2].

Of the participants with follow-up, those who had been born preterm were more likely

to be from a multiple pregnancy, a pregnancy complicated by planned prcterm labour,

hypertension syndromes, haemolyic disease or an instrumental delivery [Table 6.31.

The median gestational age at delivery was 34 weeks and I day in the participants who

were born preterm vs. 39 weeks and 4 days in those born at term (P=<0.001)-

Participants who were born preterm were lighter at birth, and had higher rates of low

Apgar scores and RDS compared to participants born at term. There was no difference

in exposure to antenatal betamethasone between participants born preterm comparcd to

those born at term [Table 6.3]. Participants born pretenn were less likely to have a

family history of coronary heart disease compared to participants born at term.

Adjustment for this did not change any of the results. There were no other differences

239



in parental characteristics between participants born preterm compared to those born at

term [Table 6.4].

Table 6.2: Perinatal characteristics of infants with and without clinical cardiovascular

risk factor follow-up in those infants presumed to be alive at 30 years.

Characteristic

Maternal characteristics
Multiple pregnancy

Unplanned premature labour

Complicated by hypertension

Gestational diabetes

Haemolytic disease

lnstrumental delivery

Trial I
Betamethasone treatment

Neonatal characteristics
Male
Gestational age delivery, days

Term delivery

Birth weight, grams

Birth weight z score

Birth weight <lOth centile

Fetal distress

5 min Apgar >7

RDS

46 (9) 0.01

4t2 (84) 0.19

31 (6) O.37

4 (l) o.t1
17 (3) 0.18

2s9 (s3) O.@

293 (60) O.24

248 (sr) 0.s6

Follow-up
n=45E

67 (ls)
372 (8t)

36 (8)

e (2)

24 (s)

2s0 (ss)

2e2 (e)
224 (4e)

224 (49)
245 (232 to 265)

t47 (32)

234r'it759

-0.38r0.96

77 (t7)
u (t4)
356 (78)

4l (e)

No follow-up
n=48E

299 (6t) d.001
25r (238to271) 0.006

187 (38) 0.0s

248Ot7lO 0.004

-0.38!0.97 0.95

77 (16) 0.67

68 (14) 0.99

391 (80) 0.37

28 (6) 0.06

2r (4) 0.21RDS (moderate or severe) 28 (6)

Data are n (%), median (IQR) or meantSD. RDS=Respiratory distress syndrome.
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Table 6.3: Perinatal characteristics of participants born preterm and born at term with

clinical cardiovascul ar risk factor fol I ow-up.

Characteristic

Maternal characteristics
Multiple pregnancy

Unplanned premature labour

Complicated by hypertension

Gestational diabetes

Haemolytic disease

lnstrumental delivery

Trial I
Betamethasone treatment

Born preterm
n=311

se (19)

241 (77)

33 (l l)
6 (2)

23 (7)

200 (64)

le8 (64)

159 (sl)

Born at term p

n=147

8 (s) d.001
l3l (89) 0.003

3 (2) <0.001

3 (2) 1.00

r (l) 0.001

50 (34) 4.001
e4 (e) o.es

64 (44) 0.17

Neonatal characteristics
Male 153 (49) 7l (48) 0-86

Gestational age delivery, days 239 (226to245) 277 (266 to 283) d.001

Birth weight, grams 1958t487 3159t559 d.001

Birth weight z score -0.3810.88 -0.38+1.13 0.94

Birth weight <l0b centile 46 (15) 3l (21) 0.(}9

Fetal distress 43 (14) 2l (14) 0.89

5 min Apgar >7 222 (71) 134 (91) d.ml
RDS 4l (13) 0 (0) 4.001
RDS (moderate or severe) 28 (9) 0 (0) <0-001

Data are n (Vo), median flQR) or meantSD. RDS=ResPiratory distress syndrome.
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Table 6.4: Parental characteristics of participants born preterm and born at term with

clinical cardiovascular ri sk factor fol I ow-u p.

Characteristic

Maternal characteristics
Age at delivery, years

Cardiovascular death

History of coronary heart disease

History of hyperlipidaemia

Smoker during pregnancy

Paternal characteristics
Age at delivery, years

Cardiovascular death

History of coronary heart disease

History of hypertension

History of hyperlipidaemia

History of diabetes

Smoker duri

Born preterm
n=311

25.4!5.9

8 (3)

22 (7)

EQD
e4 (30)

Born at term P

n=L47

26.0t5.5 0.30

2 (t) 0.sl
22 (rs) 0.008

27 (18) 0.s8

34 (23) 0.1I

28.4rf.9
ll (4)

M (t4)
84 (27)

8s (27)

2r (7)

T5I A9

28.9t6.2
5 (3)

33 (22>

44 (3o)

47 (32)

ll (7)

79 64

o.49

1.00

0.03

o.52

0.31

o.77

0.30

6.5.3 Adult characteristics

Participants born preterm were less likely to use tobacco or illicit drugs compared to

those born at terrn [Table 6.51. There was no difference in alcohol use, marital status,

education attainment, exercise or socio-economic status according to occupation3a3

between participants born preterm and those born at term [Table 6.5].

No participant born preterm and one ( l7o) born at term had a history of coronary heart

disease. One (07o) participant born preterm and one (l7o) born at term had a history of
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cerebrovascular disease. There were no differences in rates of antihypertensive

medication or oral contraceptive use between the two grouPs lTable 6'5]-

Table 6.5: Adult characteristics of participants born preterm and born at term with

cl inic al cardi ovascu lar risk factor follow-up.

Characteristic

Ethnic origin
European

Maori

Pacific

Other

Tobacco use

Non-smoker

Former

Current

Illicit drug use

Alcohol use*

Non drinker
Social drinker
Heavy drinker

Marital status

Single

Separated/divorced/widowed

Married or living with partner

Education level

High school <4 years

High school >3 years

Polytechnic

University
Socio-economic statusf
I
2

3

4

5

6

Born preterm
n=311

232 (7s)

6s (2r)
13 (4)

I (0)

r77 (s7)
55 (18)

7e (2s)
87 (28)

72 (23',)

r90 (61)

49 (16)

l l8 (38)

13 (4)

180 (58)

74 (24)

7t (23)

89 (2e)

76 (2s)

t7 (6)

s7 (19)

78 (26)

7r (23)

4s (rs)
3s (12)

Born at term P

n=L47
0.84

los (71)

3s (24)

6 (4)

I (l)
4.001

s4 (37)

30 (20)

63 (43)

63 (43) 0.002

0.58

36 (24)

83 (56)

28 (le)
0.14

42 (2e)

8 (5)

e7 (66)

9.s3
38 (26)

32 (22)

4e (33)

28 (re)
0.50

8 (6)

20 (r4)
46 (32)

32 (22)

26 (18)

12 (8)
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Household income*
<$20,000

$20,000 to $40,000

>$40,000

Physical activity
No moderate exercise/day

<30 minutes moderate exercise/day
>30 minutes moderate exercise/day

No vigorous exercise/day

<30 minutes vigorous exercise/day
>30 minutes vigorous exercise/day

Medication use

Anti-hypertensive use

32 (13)

6e (27)

ls2 (60)

s2 (t7)
t32 (42)

r27 (4t)
109 (3s)

82 (26)

120 (3e)

8 (3)

t2 (rr)
33 (29)

69 (61)

28 (19',)

57 (3e)

62 (42)

sl (3s)

3r (2r)
6s (M)

2 (r)

0.83

o.7r

0.38

Oral contraceptive use (females only) 49 (34) 18 (26)

0.51

o.23

Data are n (Vo). *Based on standard units of alcohol consumption, adjusted for sex.34 tBased
on occupation, l=highest socio-economic group.3o3 $Figures given in New Zealand dollars. 58
preterm and 33 term declined to answer.

6.5.4 Blood pressure

A previous diagnosis of hypertension was reponed by 6l (ZOVo) participants born

preterm and 14 (lOVo) born at term (RR=2-l,95Vo Cl=1.2 to 3.6, p=0.01). This effect

was still present after excluding hypertension associated with pregnancy (non-

pregnancy related hypertension in preterm=34 (ll%o), term=3 (2Vo), RR=5.4, 95%

CI=I.7 to l'1.2, p=<0-001). Both a lower gestational age at birth and being born preterm

were associated with higher systolic blood pressure at age 30 [Table 6.6]. For example,

systolic blood pressure at age 30 decreased by 0.5lmmHg for each week increase in

gestational age at birth in the univariate model (p=0.006). Similarly, being born preterm

increased systolic blood pressure by 3.5mmHg at age 30 (p=0.009). Adjustment for sex,

antenatal betamethasone exposure, birth weight z scores and current BMI did not

change the results. However assessment of the association between gestational age and
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later systolic blood pressure using generalised additive techniques (spline regression)

suggests that the shape of this association is not consistent across the range of

gestational ages studied [Figure 6.1]. In contrast to the findings with gestational age, the

negative association seen between birth weight and systolic blood prcssure at age 30 in

the adjusted model was abolished after further adjustment for preterm birth by using

birth weight z score analysis, indicating that fetal gtowth is not associated with systolic

blood pressure at age 30 [Table 6.6]. Exclusion of participants taking antihyryeitensive

medication or from pregnancies complicated by hypertension did not alter the results.
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Figure 6.1: Generalised additi.ve modetting of gestational age and syetolic blood

prc$sure at age 30.
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6.5.5 Fasting lipids

A previous diagnosis of hyperlipidaemia was reported by 24 (87o) participants born

preterm and 1l (7Vo\born at term (RR=1.0, 95Vo Cl=O.52to2.O, p=0.93). There was no

association between gestational age, pretern birth or birth weight and fasting plasma

cholesterol or triglyceride levels at age 30 [Table 6.61.

6.5.6 Hypothalamic-pituitary-adrenal axis function

There was no association between gestational age, preterm birth or birth weight and

fasting plasma cortisol levels at age 30 [Table 6.6].

6.5.7 Glucose tolerance test

There was no association between gestational ager or preterm birth, and fasting plasma

insulin levels at age 30 [Table 6.6]. However following the 75g oral glucose load both a

lower gestational age at birth and being born preterm were associated with increased

insulin levels at 30 and 120 minutes, as well as increased insulin area under the curye,

in both univariate and adjusted models [Table 6.6]. Assessment of the association

between gestational age and plasma insulin levels following a glucose tolerance test

using generalised additive techniques (spline regression) suggests that the shape of this

association was consistent across the range of gestational ages studied [Figure 6.2].
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Birth weight was negatively associated with fasting insulin levels in the adjusted model,

120 minute insulin levels in the univariate and adjusted models, and insulin area under

the curve in the adjusted model. This association was abolished or weakened in the

birth weight z score analysis lTable 6.6].

There was no association between gestational age, or preterm birth, and either fasting

glucose levels or glucose levels following a7lgoral glucose load at age 30 [Table 6.6J.

There was a weak negative association between birth weight and 120 minute glucose

levels in the adjusted model. This association was abolished in the birth weight z score

analysis. Birth weight z score was positively associated with 30 minute glucose levels

at age 30 following an oral glucose load. However this association was abolished after

adjustment for sex, antenatal betamethasone exposure, and current BMI [Table 6.6J.
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Figure 6.2: Generalised additive mo-delliug of gestational age and insul,in area undor the

curyc following aglucose toleranoe te$ at ago 30.
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6.6 Discussion

The research in this chapter examines 458 neonatal survivors at 30 years of age whose

mothers had participated in a RCT in the perinatal period.l t20 There was no association

between gestational age at birth, preterm birth, or birth weight independent of

gestational age, and fasting plasma cholesterol, triglyceride or cortisol levels at 30 years

of age. However a low gestational age at birth, and preterm birth, were associated with

increased systolic blood pressure and insulin resistance at 30 years of age. Birth weight,

independent of gestational age, was not associated with systolic blood pressure and

insulin resistance at 30 years of age-

Information concerning gestational age was not available in the initial epidemiological

studies detailing a relationship between size at birth and later risk of disease.a It is likely

that a number of participants with low birth weight in those studies were indeed born

mildly preterm. Studies that did have information on length of gestation included very

few preterm infants or excluded such infants.26 247 26t 263 423 Thus there has been little

information concerning the independent contributions of fetal growth and length of

gestation to birth weight in relation to later outcomes,

Irving et aI previously demonstrated that pretern birth was associated with increased

fasting insulin levels in 6l individuals at age 24.t0t [n contrast to this smaller study, we

found that preterm birth and gestational age were not associated with later fasting

insulin levels at age 30. However increased 30 and 120 minute insulin levels, and
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insulin area under the curve in response to an oral glucose challenge, were all

associated with lower gestational age at birth in our study. Furthermore, the relationship

between gestational age and later insulin levels was similar across the range of

gestations studied in our cohort, suggesting a graded effect, and that even mild degrees

or premarurity may be associated with altered glucose/insulin axis function in

adulthood. This finding of preterm birth resulting in later increased insulin resistance

but not fasting insulin levels is consistent with a similar finding in 72 prepubertal

children.ro3 In early adulthood, Irving er al were unable to demonstrate whether

gestational age or birth weight was the more important influence on outcome.424In our

study birth weight adjusted for gestational age was not associated with later insulin

resistance. Thus gestational age, hence pretern birth, appears to be the more important

influence on later insulin resistance.

Similarly, gestational age, hence preterm birth, appears to be the more important

influence on later systolic blood pressure. Indeed, even at the relatively young age of 3O

years we found more participants with diagnosed hypertension amongst ex-preterm

infants, despite the fact that this group were born only moderately pretenn (62 (2OVo) of

the preterm group born at <32weeks gestation). Doyle et al reported higher systolic

blood pressure at age l8 in a cohort of 156 individuals who had been born at VLBW.

As in our study, the authors assessed the effect of poor fetal growth by using birth

weight z scores, and concluded that this did not influence later blood pressurc. Irving er

a/ also reported increased systolic blood pressure in their cohort ofex-preterm infants at

age24.tol
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The generalised additive modelling (spline regression) utilised in this chapter to

construct exploratory analysis of the shape of the relationship between gestational age

and later blood pressure approximates non-p^rametric regression, in that the data points

at one location on the distribution do not influence the fit at other locations.a2t The

prograrnme used to create the figures in this chapter (S-Plus)371 is a locally weighted

regression smoother in which the horizontal axis is divided into small parts and linear

regression lines are fitted to each part. The central parts of these linear regression lines

are then combined, so that each gestational age adds one value to the final smoothed

line. Spline regression, and other similar methods, is thought to be advantageous to

categorising continuous data like gestational age (preterm vs. term) as it assumes the

risk between exposure and outcome is smooth (i.e. is the risk for an individual really

that different at 36.9 vs. 37.1 weeks gestation), it eliminates "cut point bias" (i.e'

categorising data in order to generate positive results) and has greater statistical power

to detect effects. These advantages are present with linear regression, although at the

expense of assuming that the relationship between exposurc and outcome is a straight

line. However while spline regression requires no such assumPtions, a considerable

problem with this method is that the resulting lines may have unstable estimates at the

tails (this is visually recognised by the wide confidence intervals at the extremes of

gestational age in the figures in this chapter;.426 Interpretation of such curves may also

be biased by what an observer "perceives" at the tails. If the tails are to be limited by

removing or statistically restricting data (e.g. fitting linear lines to the tails) this also

introduces bias. Furtherrnore, categorising continuous data like gestational age has

substantial advantages when making generalisations to the clinical setting.
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Despite these concerns regarding spline regression, the shape of the relationship

between gestational age and later systolic blood pressure is intriguing [Figure 6.1]. It

appears to suggest a different relationship between gestation and blood pressure

amongst those born at <35 weeks compared with those born at term. At <35 weeks

gestational age appears to be negatively associated with blood pressure, while at term

there appears to be no association between gestational age and blood pressure. This

interpretation is consistent with the findings of Siewert-Delle and Ljungman who have

examined the impact of birth weight and gestational age on later blood pressure in a

cohort of 430 Swedish men at age 49. They reported that adult systolic blood Pressure

was inversely correlated with gestational age (r=-0' 10' p=0'M)' This correlation was

stronger in preterm subjects (r=-0.46, p=O.001). However, as suggested by Figure 6.1,

there was no correlation between adult systolic blood pressure and gestational age in

subjects born at term or postterm.u2t The mechanisms underlying these apparently

different relationships between gestational age and blood pressure must remain

speculative.

Alterations to the HPA axis have been proposed as a mechanism to explain the

epidemiological link between low birth weight and later increased blood pressur".t [-ow

birth weight has been associated with increased adult cortisol levels in three

populations.tu3 However these studies have focused on populations born at term.

Reports from preterm populations have been contradictory. A study of 100 individuals

at age 24 reports increased serum corlisol levels in both ex-appropriate and ex-small for

gestational age preterm infants.le Conversely, Irving and colleagues reported no

difference in plasma cortisol levels in both male and female ex-preterm infants, but
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lower urinary cortisol secretion in the subset of ex-appropriate-for-gestational-age

females.los In the much larger study reported in this chapter, plasma cortisol levels were

not associated with gestational age, preterm birth, or birth weight, independent of

gestational age.

Previous studies in childhoodlm and adulthoodl0' have not found an association

between gestational age or preterm birth and total plasma cholesterol or triglyceride

levels, although being born preterm has been associated with abnormalities of

cholesterol synthesis and breakdown-t* Clinicians should be reassured that despite the

subtle changes documented in childhood there appear to be no differences between term

and mildty preterm babies in total plasma cholesterol or triglyceride levels at age 30.

There are a number of limitations to the study reported in this chapter. As previously

discussed, follow-up was obtained for 567o of those presumed to be alive. However

lack of complete follow-up would only bias the results if the association between

preterm birth and cardiovascular risk differed between those who did and did not

participate. Since those who participated in the study had maternal, neonatal and adult

characteristics similar to those who were eligible but who did not participate, there is no

renson to think this might be the case. Furthe[nore, participants were asked to enter a

follow-up study of antenatal betamethasone treatment and were not aware of the

potential for this analysis based on preterrn birth.
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There is further potential for bias due to clustering of outcomes in siblings from

multiple pregnancies. However analysis of just those participants from singleton

pregnancies did not change the results.

Finally, size at birth is a poor surrogate for fetal compromise or an adverse fetal

environment. Of principal interest is not the relationship between birth weight z scores

and later disease risk but rather that between adverse fetal environments and later

disease risk. It is the adverse fetal environment that is proposed in the causal pathway to

later adult disease. Small size at birth may be an endpoint of the same adverse fetal

environment or it may not. However small size at birth (birth weight or birth weight z

scores) remains a convenient way in man to explore relationships between adverse fetal

environments and later disease risk. The birth weight z scores used in this thesis were

derived from all deliveries in New 7*aland in 1990 to 1991,32E primarily due to the

increased precision of preterm birth weights available in this dataset. However as an

increase in mean birth weights occurred between the 1970s and the 1990s328 the birth

weight z scores are lower than they otherwise would be. This may have biased the

results. However removal of infants defined as SGA by the above dataset did not

change the overall results.

It is not possible from the results reported in this chapter to determine whether preterm

birth is causal in the pathway for later disease risk or merely another marker for an

adverse fetal environment. Preterm birth exposes an individual to nutritional, metabolic,

hormonal, sensory and respiratory environments that are all very different to those ln

utero. Such exposure may be causal in programming the individual for later disease
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risk.aa Preterm birth also results in earlier maturation of a nurnber of organ systems, the

long-term cost of which is still unknown. However, preterm birth is also usually

associated with maternal disease or constraint, poor placental function or fetal disease.

In sheep, periconceptional undernutrition has resulted in preterm birth.a28 Thus

gestation length may merely provide another surrogate marker, perhaps neither more or

less accurate than size at birth, for various aspects of the intrauterine environment

which are causal in programming later disease risk.

6.7 Summary

In conclusion, adults who were born moderately preterm had increased blood pressure

and insulin resistance at 30 years of age. heterm birth rather than poor fetal growth was

the major determinant of this. As increasing numbers of preterm infants are now

surviving into adulthood, it is possible that their overall contribution to cardiovascular

disease burden will increase as they age.
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7 Respiratory health at age thirty years following

antenatal glucocorticoids and preterm birth

7.1 Summary of chapter contents

This chapter reports the results of participants' respiratory morbidity following the

neonatal period, prevalence of wheeze and asthma, plasma IgE and spirometry from the

data collected in the physiological follow-up study.

7.2 Introduction

In a number of animal studies, exposure to antenatal glucocorticoids has resulted in

reduced alveolarisation.lss As the first infants exposed to antenatal glucocorticoids enter

adulthood the long-term effects of antenatal glucocorticoids on lung function in

adulthood remain unknown-2 3 A small follow-up study of 8l twenty year olds from a

RCT found greater medication use in the glucocorticoid exposed participants, with the

majority of these participants taking medication for allergies or chronic obstructive

pulmonary disease. Lung function and the prevalence of respiratory disease were not

reported at age 20,4ffi but no differences in lung function were noted between the groups
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at age l0 to 12.a05 The only other report of long term lung function following antenatal

glucocorticoids is from a non-randomised cohort of 130 fourteen year olds, and found

no difference between groups.tsl

Preterm birth has itself been linked with decreased expiratory flow in childhood and

adolescence,56-61 
63 u 67 6e with some authors suggesting that this is mainly in those who

suffered from neonatal CLD.?o 72 73 tn RDS, in the absence of neonatal CLDtr and

independent of prematurity,80 has also been associated with decreased lung function in

childhood, although this was not seen in adulthood.st However the majority of these

studies have used populations that were extremely premature, <1,5009 or <32 weeks

gestation.sT 63 64 6e 7o r2 Little information is available concerning lung function in

adulthood after preterm birth or in those who were born >32 weeks gestation, despite

these babies accounting for the majority of preterm births.6

In historical cohorts, comprised of individuals mainly born at term, lower birth weight

has also been associated with decreased lung function in adulth ood.zn 
t7t However the

association between binh weight and lung function in childhood has been

inconsistent.s6 28o In infancy the association is abolished after adjustment for length,282

suggesting that, at least in infancy, it merely reflects differences in somatic growth.

However rapid growth in early infancy and being born small for gestational age have

both been associated with impaired lung function in later 1ife.282283
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7.3 Ghapter hypotheses

l. That antenatal exposure to betamethasone for the prevention of neonatal RDS

does not alter respiratory morbidity, prevalence of wheeze and asthma, plasma

IgE or lung function at age 30.

2. That preterm birth does not alter the prevalence of wheeze and asthma or lung

function at age 30.

7.4 Additional statistical methods used in chapter analyses

The effect of antenatal exposure to betamethasone was tested using unpaired t tests and

Mann-Whitney tests, or f tests for continuous and categorical variables, respectively.

The aim of this analysis was to comp.ue respiratory morbidity, prevalence of wheeze

and asthma, plasma IgE or lung function at age 30 between those exposed to antenatal

betamethasone and those exposed to placebo. Analyses were unadjusted. As asthma is

known to alter lung function a secondary analysis of spirometry data was undertaken

excluding asthmatics.

The effect of preterm birth on the prevalence of asthma and wheeze at age 30 was tested

using {2 tests. Multiple stepwise linear regression was used to develop explanatory

models for the continuous lung function outcome variables at age 30. Models of lung

function were created using both backwards and forwards techniques. The effect of
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preterm birth was tested in such models by using gestational age and birth weight z

scores as covariates. Covariates tested in models were decided a priori and included;

antenatal exposure to betamethasone, gestational age at birth, birth weight z score,

maternal smoking during pregnancy, RDS, maternal smoking during childhood,

paternal smoking during childhood, lifetime smoking exposure (per 1000 packs smoked

over lifetime), family history of asthma, history of other respiratory disease, current

asthma, illicit drug use, moderate exercise, vigorous exercise, socio-economic status by

occupation,'o' und plasma IgE levels. Significant covariates from univariate models

were tested in the multivariate models before final models were confirmed.

7.5 Results

7.5.1 Spirometry acceptab:lity and reproducibility

Five hundred and thirty four participants .nrolled in the physiological follow-up study

[Chapter 5]. Four hundred and fifty six participants (857o) underwent spirometry, 383

(84Vo) of whose traces met the criteria for acceptability and reproducibility.3as End of

test non-acceptability accounted for the majority of reasons for failure to meet the

criteria for reproducibility and acceptability (48 (667o\ out of 73). One hundred and

eighty one betamethasone-exposed and 2OZ placebo-exposed participants had

acceptable spirometry. There was no difference between the betamethasone and

placebo-exposed participants in the proportion of participants with acceptable

spirometry (81 7o vs. 87Vo, p=O.l I ) [Table 7. I l.
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Table 7.1: Spirometry participants at age 30 who met the criteria for acceptability and

reproducibility.

Criteria for acceptability and reproducibility*
Criteria obtained

Criteria not obtained

Main reason for not obtaining criteria
l.Poor start or poor effort

2.End of test non-acceptability

Early termination

Glottic closure or abrupt cessation of airflow

Cough

Betamethasone

n=223

l8r (81)

42 (re)

15 (7)

s (2)

t7 (1.6)

I (0)

Placebo

n-?33

2O2 (87)

3l (13)

4 (2)

12 (s)

12 (s)

I (0)

3.Lack of reproducibility 4 (2) 2 (l)

Data are n (Vo). *P value=0.I l.

7.5.2 Perinatal and adult characteristics

Of those with acceptable spirometry, fewer betamethasone-exposed participants had

suffered from moderate or severe RDS as a neonate (betamethasone=6 (37o),

placebo=I6 (\Vo), p=0.05), and more were from a multiple pregnancy

(betamethasone=34 (19?o), placebo=22 (llvo), p=0.03) [Table 7.21. There were no

other differences in perinatal or adult characteristics between the betamethasone and

placebo-exposed participants with acceptable spirometry [Tables 7.2 and 7.3]. The

mean age of follow-up was 30.6t0.9 years in the betamethasone-exposed and 30.6t1.0

years in the placebo-exposed participants who had acceptable spirometry (p=0.58).
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Table 7.2; Peinatal and parentd characteristics of betamethasone and placebo-exposed

participants with adequate spirometry at age 30.

Characteristic

Maternal characteristics
Multiple pregnancy

Unplanned premature labour
Instrumental delivery

Complicated by hypertension

Gestational diabetes

Haemolyic disease

Gestational age at entry, days

Entry/delivery interval, days

Trial I
Smoker during pregnancy

Smoker during childhood

History of asthma

Paternal characteristics
Smoker during childhood

History of asthma

Neonatal characteristics
Male

Gestational age delivery, days

Term delivery

Birth weight, grams

Birth weight z score

Birth weight <lOth centile

Fetal distress

5 min Apgar >7

RDS

RDS (moderate or severe)

Betamethasone

n=l8l

34 (19)

t4e (82)

103 (57)

le (r l)
3 (2)

7 (4)

23t (217-243)

3.e (r.6-35)

l r7 (65)

s | (28)

e8 (54)

34 (re)

e2 (51)

25 (r4)

e6 (53)

24s (23r-2@)

s2 (2e)

2318t769
-0.40a{.90

2e (t6)
23 (r3)
r37 (76\

il (6)

6 (3)

Placebo

n=202

22 (rr)
162 (80)

104 (51)

14 (7)

2 (r)
13 (6)

234 (217-243)

4.2 (r.9-32)
t26 (62)

s3 (26)

106 (s2)

34 (t7)

0.03

0.60

0.29

o.2l
o.67

o.26

0.50

0.98

0.65

o.67

0.74

0.62

106 (s2)

l8 (e)

o.75

0.13

er (45)

246 (23s-266)

6e (34)

236rt694
-0.39i0.96

37 (18)

3l (15)

16l (80)

22 (tt)
l6 (8)

o.t2
0.41

o.25

o.57

0.90

0.55

o.46

0.35

0.09

0.05

Data are n (Vo), median (lQR) or mean+SD. RDS=Respiratory distress syndrome.
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Table 7.3: Adult characteristics of betarnethasone and placebo-exposed participants

with adequate spirometry at age 30.

Characteristic

Ethnic origin
European

Maori

Pacific

Other

Body size

Height, cm

Weight, kg

BMI, kg/m2

Tobacco use

Non-smoker

Former

Current

Illicit drug use

Alcohol use*

Non drinker

Social drinker
Heavy drinker

Marital status

Single

Separated/divorced/wi dowed

Manied or living with partner

Education level

High school <4 years

High school >3 years

Polyechnic

University

Socio-economic statust
I

2

3

4
5

6

Physical activity

Betamethasone

n=l81
Placebo

n=2O2

136 (7s\
3s (le)
r0 (s.s)

0 (0.0)

171.9r9.6

80t18

26.9*5.2

e0 (50)

28 (15)

63 (35)

s7 (31)

40 (22)
104 (s7)

37 (2O\

s9 (33)

1l (6.r)

lll (61)

M (24)

40 (22)

s0 (28)

47 (26)

13 (7.3)

34 (19)

s0 (28)

35 (20)

22 (t2)
23 (r3)

146 (72)

4e (24)

6 (3.0)

1(0.s)

170.019.5

78*18

269t5.4

ee (4e)

47 (23)

56 (28)

72 (36)

50 (2s)

126 (62)

26 (r3)

66 (33)

7 (3.s)

tze (&)

47 (23)
4s (22)

u (32)

46 (23)

9 (4.6)

30 (15)

62 (3r)
28 (24)

35 (18)

14 (7.r)

0.31

0.06

0.39

0.90

0.10

0.39

0.14

o.48

o.8l

0.14
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No moderate exercise/dav 37 (20)

<30 minutes moderate exercise/day 69 (38)
>30 minutes moderate exercise/day '75 (41)

No vigorous exercise/day 6e (38)

27 (t3)
93 (46)

82 (4r)
66 (33)

5l (2s)

o.t2

0.s4

<30 minutes vigorous exercise/day 42 (23)

230 minutes vigorous exercise/day 70 (39) 85 (42)

Data are n (7a), median (IQR) or meantSD. *Based on standard units of alcohol consumption,
adjusted for sex.H tBased on occupation, l=highest socio-economic gtoup.g3

7.5.3 Plasma lgE

Four hundred and forty four (83%) of the 534 participants (217 betamethasone-

exposed) enrolled in the physiological follow-up study underwent plasma IgE

measurement. There was no difference in plasma IgE levels between the two treatment

groups (betamethasone-49.4 mmol/L, placebo=53.5 mmol/L, ratio of geometric

means=0.92, 95Vo CI=0.70 to 1.22, p=0.58). Furthermore, plasma IgE levels did not

differ by treatment group in the 383 participants with acceptable spirometry

(betamethasone=50.8 mmoUl, placebo=50.9 mmoVl, p{.99).

7.5.4 Asthma

There was no difference between betamethasone-exposed and placebo-exposed

participants in the prevalence of ever being diagnosed with asthma, wheezing in the last

12 months, or of current asthma (participants reporting one or more of the following;

taking asthma medications, an asthma attack in the last 12 months, or waking short of

breath in the last 12 months).338 Furthefinore, there was no difference between
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participants born preterm and bom at term in the prevalence of ever being diagnosed

with asthma, wheezing in the last l2 months, or current asthma [Table 7.4].

7.5.5 Other respiratory morbidity

Eighteen (7Vo) betamethasone-exposed and 15 (SVo) placebo-exposed participants

reported a further respiratory diagnosis (RR=l .33, 95Vo CI{.69 to 2.59, p=O.47) in

response to the question "do you have (or have you had) any other medical conditions?"

These were equally distributed between pneumonia (l I cases), upper airway conditions

(14 cases) and bronchitis (10 cases) (three pafticipants reported more than one

condition). A spontaneous pneumothorax was reported by one betamethasone-expos€d

and one placebo-exposed participant.

7.5.6 Lung function

No differences between betamethasone and placebo-exposed participants were noted

for lung function measurements at age 30. Exclusion of current asthmatics did not

change these results [Table 7.5].

Four perinatal variables, five smoking exposure variables, six adult variables, and a

family history of asthma were modelled to determine whether these variables had an

association with lung function at age 30 [Table 7.6]. Current asthma was found to have
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a significant negative association with all measures of lung function, with the exception

of FVC. The size of the effect estimate ranged from a 4Vo reductron in PEF to a 15%

reduction in measures of forced expiratory flow in mid to late expiration, Gestational

age was positively associated with measures of forced expiratory flow in mid to late

expiration. For example, mean forced expiratory flow between 25 and 75Vo (FEFzs-ts*)

increased by O.8Vo for every one week increase in gestational age. Similarly, birth

weight z scores were positively associated with measures of forced expiratory flow in

mid to late expiration, with a one standard deviation increase in birth weight increasing

FEFzs-zs* by 3.47o. trss than 30 minutes of exercise per day was positively associated

with increased FVC, FEVI and PEF, compared with no exercise. Smoking and illicit

drug use had minimal influence on the lung parameters measured. Maternal smoking

during pregnancy, maternal smoking during childhood, paternal smoking during

childhood, RDS, socio-economic status, current plasma IgE levels, and antenatal

betamethasone treatment were not found to influence lung function at age 30.
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7.6 Discussion

The research in this chapter examines 534 neonatal survivors at 30 years of age from

the first and largest RCT of antenatal betamethasone for the prevention of neonatal

RDS. Antenatal exposure to betamethasone does not alter respiratory morbidity

following the neonatal period, prevalence of wheeze and asthma, plasma IgE or lung

function at 30 years of age. Furthermore, being born preterm did not alter prevalence of

wheeze and asthma at age 30 compared to being born at term. However both gestational

age and birth weight z scores were positively associated with measures of forced

expiratory flow in mid to late expiration at age 30. Maternal smoking during PregDancy,

maternal and paternal smoking during childhood, and neonatal RDS were not

associated with lung function in adulthood.

This is the first report of lung function in adulthood following exposure to antenatal

betamethasone. The datd are consistent with three smaller studies conducted in

childhood and early adolescence that also found no difference between betamethasone

and placebo-exposed groups.tsl 386 405 The only other report of outcome in adulthood

following exposure to antenatal glucocorticoids was from a study of 8l participants at a

mean age of 2O.4m That study found greater medication use in the glucocorticoid-

exposed group, with the majority of participants taking medication for allergies or

chronic obstructive pulmonary disease. This is in contrast to the finding in the larger

study reported in this chapter of no difference in the prevalence of asthma (including no

difference in medication use), or the prevalence of wheeze, raising the possibility that

the previous findings may have represented a type one elror. Post hoc calculations
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indicate that our study had SOVo power (s=0.05) to detect a difference between

treatment groups of 3 to 4Vo for values of FVC and FEV1.

The findings of no difference in the prevalence of wheeze and asthma are further

supported by the finding of no difference between the treatment groups in plasma IgE

levels. This is the first report of plasma IgE levels following antenatal exposure to

betamethasone.

The majority of studies using cohorts of ex-preterm neonates to examine later lung

function have focused on those born at <1,5009 or <32 weeks gestation and have

reported their findings only into adolescence.tt 5e 6265 68-737s77 78 The finding that lower

gestational age and low birth size reduce forced expiratory flow in mid to late

expiration is consistent with most of those studies.566e However individuals born at <32

weeks gestation only account for l-ZVo of all births.6 The study reported in this chapter

follows a cohort of neonatal survivors mainly born at a higher birth weight and later

gestational age. Thus, the findings are of more general relevance. Although the

associations seen are relatively small and of little current clinical significance, their

potential implications for the prevalence of later chronic obstructive pulmonary disease,

particularly in association with the accelerated decline in lung function produced with

prolonged smoking, must be of concern as more preterm babies survive into adulthood.

One to thirty minutes of moderate exercise was found to increase percentage predicted

values of FVC and FEVI by approximately 5Vo when compared to no moderate
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exercise. A similar association was found between vigorous exercise and PEF. These

findings are not unexpected and add support to the findings in respect of gestational age

and birth weight. It is possible either that exercise increases lung function or that those

with decreased lung function exercise less.

The prevalence of wheeze and asthma338 reported in this chapter is similar to that

reported in a longitudinal and cross-sectional study conducted locally in young adults

using the same definitions.sl Furthennore, the abnormalities in measures of forced

expiratory flow in mid to late expiration are unlikely to be an artefact of poor

spirometry as the FVC, FEV1, and PEF for the cohort were representative of population

normr.ae They are also unlikely to be due to inclusion of Maori and Pacific Islanders,

as these populations have been shown to have spirometry similar to that of

Europeans.3so

Barker et aI descibed an association between lower birth weight and lower FEVI at a

mean age of 64 in 639 men.'27 He suggested that the observed association might be a

consequence of an adverse environment in utero which retards weight gain of the fetus

and irrecoverably constrains the growth of the ainvays. ln sheep, intrauterine growth

restriction in late gestation has resulted in structural lung changes persisting to early

adulthood, including reduced alveoli numbers and increased thickness of the

extracellular matrix.a2e It is possible that similar structural changes may explain the

findings presented in this chapter of an association between low birth weight z scores

and reduced forced expiratory flow in mid to late expiration at age 30.
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Neonatal RDS was not found to influence later lung function in the univariate or

multivariate models. This is consistent with the only other study conducted in adulthood

of 22 survivors of neonatal RDS at ages 18 to 22.8t ln contrast, Cano and Payo reported

significantly lower FEV1, and lower measures of small and medium airways expiratory

flow in a retrospective cohort of 36 survivors of neonatal RDS at a mean age of 11.80

Coates et al also reported lower flow at 257o and 5OVo of FVC in seven survivors of

neonatal RDS at ages 6 to l0 years.s The small size and retrospective nature of both

cohorts, and thus possible selection bias, may explain their different findings.

Asthma was not found to be associated with preterm birth in the study reported in this

chapter. This is consistent with previous cohort studies of ex-preterm infants conducted

in childhood 63 82 and adulthood.s3 
e Ho*euer a large population cohort study from

Finland reported an association between preterm birth and asthma at age senen,ss

although this was not replicated in a similar cohorl from the United Kingdom.s6 This

inconsistency between studies may reflect differences in definitions of.asthma used and

different postnatal environmental factors acting on the distinct populations- New

Zsaland studies of cohorts born in a similar era to the participants reported in this

chapter, have reported that asthma during adolescence is linked to a large birth length2e

and head circumference,ttt with low birth weight linked to a reduced risk of later

asthma. However these studies included very few infants who were born.preterm. In the

study reported in this chapter, birth weight, the only available measure of size at birth,

was not associated with later asthma.
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There are a number of limitations to the study reported in this chapter. Firstly, only 56Vo

of neonatal survivors presumed to be alive participated. However, as previously

discussed in chapter 5, incomplete follow-up would only bias the results if the

association between betamethasone exposure and adult lung function differed between

those followed up and those who did not participate in the physiological follow-up

study. Since the original trial was randomised, there is no reason to think this might be

the case. Furthermore, the rates of follow-up in the physiological follow-up study

compare favourably with local longitudinal birth cohort studies.2e 34041s

Secondly, only 73 (l4%o) of participants were born at < 1,5009 or <30 weeks gestation

and the results presented in this chapter should therefore be interpreted with caution

with respect to these smaller babies. However the majority of preterm babies are born at

greater than 30 weeks gestation, and the findings, with respect to the long term changes

in lung function associated with preterm birth and poor intrauterine growth, are

therefore of considerable interest as large numbers of these babies now survive.

Thirdly, information on neonatal CLD was not collected in the original trial. It is

possible that neonatal CLD may explain the influence of gestational age and birth size

on adult lung function. However CLD following prolonged ventilation for neonatal

RDS had only just been described3z and was still very uncommon at the time that the

Auckland Steroid Study was conducted. Since there were similar numbers of neonatal

survivors with similar perinatal morbidity in both treatment groups, possible differences

in CLD between groups is most unlikely to have influenced the findings of this chapter

regarding the long-term effects of antenatal betamethasone.
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7.7 Summary

In conclusion, exposure to antenatal betamethasone has no effect on respiratory

morbidity, prevalence of wheeze and asthma, plasma IgF. or lung function 30 years

later. A single course of antenatal glucocorticoids for the prevention of neonatal RDS

significantly reduces rates of neonatal RDS and mortality.3 It is therefore recommended

that the current practice of administering antenatal glucocorticoids for the prevention of

neonatal RDS should continue.

However gestational age and birth weight z scores are positively correlated with

measurcs of forced expiratory flow in mid to late expiration at age 30. These findings

suggest that preterm and growth restricted infants may be at increased risk of lung

disease later in life. Since increasing numbers of these infants are now surviving into

adulthood, it is possible they will contribute to a growing incidence of chronic

respiratory morbidity in the ageing population.
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I Psychological functioning and health related

quality of life in adulthood following antenatal

glucocorticoids

8.1 Summary of chapter contents

This chapter reports the recruitment and results of participants' psychological

functioning and HRQoL following antenatal betamethasone from the psychological

follow-up study. Analysis of the effect of preterm birth on the outcomes of the

psychological follow-up study is reported in chapter 9.

8.2 Introduction

There remains a paucity of information conceming long-term psychological functioning

and HRQoL into adulthood following antenatal glucocorticoids. To date the data on

psychological functioning in adulthood following exposure to antenatal glucocorticoids

is limited to one small follow-up study of a RCT. In 8l panicipants, aged2O, there was

no difference in cognitive functioning or self report of psychoneuroticism between the
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groups.'loo Conversely, a non-randomised cohort of 130 fourteen year olds suggested

significantly better cognitive functioning in those exposed to glucocorticoids.lsl

Other perinatal exposure to glucocorticoids has been associated with adverse

neurodevelopmental outcomes. Repeated antenatal courses of glucocorticoids cause

decreased fetal brain growth and myelination in sheep.t8oo30 Non-randomised studies in

man have also demonstrated decreased neonatal head circumference, after repeated

courses of antenatal glucocorticoids,2u with increased risk of hyperactivity later in

childhood.2m Furthermore, school age children, exposed to postnatal glucocorticoid

treatment for neonatal CLD, have lower IQ scores than controls.22o

There is no information on later HRQoL following exposure to antenatal

glucocorticoids.

8.3 Chapter hypothesis

That antenatal exposure to betamethasone for the prevention of neonatal RDS does not

alter psychiatric morbidity, handedness, cognitive functioning, working memory and

attention or HRQoL at age 31.
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8.4 Additional statistical methods used in chapter analyses

The primary aim of the chapter analyses was to compare psychiatric morbidity,

handedness, cognitive functioning, working memory and attention, and HRQoL

between 3l year olds exposed to antenatal betamethasone and those exposed to placebo.

Primary analyses were unadjusted.

Secondary analyses using multiple linear regression adjusted for confounding, decided

a priori, by the baseline variabies of sex and trial type, together with the post-

randomisation variables of birth weight, gestational age and socio-economic status

determined by occupation.il3

Further confounders were explored using the change in estimates technique at the lOVo

Ievel.all

8.5 Results

8.5.1 Recruitment

Two hundred and eighty individuals of the 534 participants from the physiological

follow-up study were eligible for enrolment in the psychological follow-up study as
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they resided in the greater Auckland regron. One hundred and nrnety two (69%) of

these subsequently emolled in the psychological follow-up [Figure 8.U. Eighty sev€n

btam€thasone,exposed and 105 placebo-exposed participants took part (66 vs. 7I% ot

rhose eligible, p=O"36). Mean age (tSD) at follow'up w';s.3l.ztl.l and 3l.ltl.l years

resBectiveJy.
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Figure 8.1: Participant flow to psychological follow-up study.

*Details in Table 5.2. tNon-participants presumed to be alive at age 30. fTraced but declined

participation in the physiological follow-up or residing overseas and not returning to New

Tnaland within the time frame of the study.

617 Placebo-
exposed infants

601 Betamethasone-
exposed infants

122 Neonatal deaths
2l Subsequent deaths*

108 Neonatal deaths
2l Subsequent deaths*

474 Presumed to be
alive at age 30

472 Presumed to be

alive at age 30

134 Lost to follow upt
59 Unavailableff

l4l t-ost to follow upf
78 Unavailablet*

281 Physiological
follow-up study

253 Physiological
follow-up study

121 Not living in
Aucklandt

148 Eligible cohort
living in Auckland

132 Eligible cohort
living in Auckland

43 Declined
participationf

45 Declined
participationf

105 Psychological
follow-up study

87 Psychological
follow-up study
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8.5.2 Background characteristics

Compared to the entire cohort of non-participants (both eligible and ineligible)

presumed to be alive at age 30, those who participated in the psychological follow-up

study were more likely to have had RDS as a neonate (participants=2l (ll7o), non-

participants=48 (6Vo), p=0.03). There were no significant differences in other perinatal

characteristics between those participating and those who did not [Table 8.1].

Compared to those who were eligible for the psychological follow-up study (lived in

the Auckland area) but declined participation, those who did participate were less likely

to have been from a multiple pregnancy, to have obtained fewer than four years of high

school education or to be in the lowest socio-economic group. There were no

significant differences in other perinatal or adult characteristics between those

participating and those who were eligible but did not participate lTable 8.1].

Fewer betamethasone-exposed participants reported <30 minutes of moderate physical

activity per day compared to placebo exposed-participants. This does not appear to be a

true difference between the two treatment groups as no difference was found when

moderate physical activity was analysed as a continuous variable (median moderate

physical activity/day for betamethasone-exposed participants=I7 minutes (IQR I to

5l), placebo-exposed=I9 (8 to 43), p=0.42). There were no significant differences in

perinatal or other adult characteristics between the betamethasone and placebo-exposed

participants who participated in the psychological follow-up study [Table 8.21.
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Table 8.2: Characteristics of betamethasone and placebo-exposed groups with

psychological follow-up.

Characteristic

Maternal characteristics
Multiple pregnancy

Unplanned premature labour

Hypertension

Gestational diabetes

Haemolytic disease

Gestational age at entry, days

Entry/delivery interval, days

Trial I

Neonatal characteristics
Male

Gestational age delivery, days

Term delivery

Birth weight, grams

Birth weight z score

Birth weight <l0th centile

Fetal distress

5 min Apgar >7

RDS

RDS (moderate or severe)

Adult characteristics
Ethnic origin
European

Maori

Pacific

Other

Tobacco use

Non-smoker

Former

Current

Alcohol use*

Non drinker

Social drinker

Heavy drinker

46 (s3)

245 (235 to 766)

27 (3r)
2369+817

-0.40{.93

ls (17)

e (10)

70 (80)

8 (e)

7 (8)

Betamethasone

n=87

12 (t4)
1t (82)

l0 (l l)
r (l)
3 (3)

231 (212 to 24O)

4.6 (1.9 to 39)

s5 (63)

67 (77)

14 (r6)
6 (7)

0 (0)

46 (53)

ls (17)

26 (30)

24 (28)

50 (57)

l3 (15)

Placebo p

n=105

10 (10) 0.36

88 (84) 0.69

6 (6) o.l5
2 (2) 1.00

s (s) 0.73

232 (2t7 to242) 0.50

5.6 (1.6 to 36) 0.56

6s (62) 0.8s

53 (s0) o.74

?48 (232 to 266) 0.83

39 (37) 0.38

2432+782 0.59

-0.25+1.01 0.31

12 (l r) o.2s

l8 (17) 0.18

78 (74\ 0.31

13 (12) 0.48

l0 (r0) o.72

0.70

77 (73)

2t (2o)

6 (6)

I (l)

s6 (53)

23 (22)

26 (2s)

22 (2r)
68 (6s)

rs (14)

0.61

0.52
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Marital status

Single

Separated/divorced./widowed

Manied or living with partner

Education level

Highschool<4years
Highschool>3years
Polytechnic

University
Socio-economic statust
I

2

J

4

5

6

Physical activity
No moderate exercise/day

<30 minutes moderate exercise/day
>30 minutes moderate exercise/day

No vigorous exercise/day

<30 minutes vigorous exercise/day

28 (32)

3 (3)

56 (64)

re (22)

22 (25)

24 (28)

22 (2s)

3 (3)

t7 (2o)

23 (26)

22 (2s)

l4 (16)

8 (e)

2r (24)

3l (36)

3s (40)

37 (43)

re (27)

34 (32)

3 (3)

68 (65)

l6 (ls)
26 (2s)

38 (36)

2s (24\

6 (6)

l7 (16)

38 (37)

23 (22)

14 (r3)
6 (6)

l3 (12)

ss (52)

37 (35)

30 (29)

3l (30)

o.97

o.52

0.62

0.03

0.12

>30 minutes vigorous exercise/day 31 (36) M (42)

Data are n (Vo), median (IQR) or meantSD. RDS=Respiratory distress syndronre. *Based on
standard units of alcohol consumption, adjusted for sex.H fBased on occupation, l=highest
socio-economic group.t'

8.5.3 Past psychiatric morbidity

A previous psychiatric diagnosis was reported by six (77o) betanethasone-exposed and

six (6Vo) placebo-exposed participants (relative risk=1.2, 95Vo C14.40 to 3.6, p4.74)

in response to the question "do you have (or have you had) any other medical

conditions?" One placebo exposed participant suffered from schizophrenia. The other

diagnoses were affective and anxiety conditions.
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8.5.4 Psychological functioning

There was no difference between the groups in measures of cognitive functioning,

working memory and attention, depression, anxiety, schizotypy or handedness [Table

8.31. Adjustment for past psychiatric diagnosis did not change the depression, anxiety,

or schizotypy results.

8.5.5 Health related quality of life

There was no difference between the groups in the eight HRQoL domains of the SF-36

[Table 8.3]. There was no difference between the groups in the number of participants

reporting visual or hearing difficulties. However, betamethasone-exposed participants

reported significantly fewer speech difficulties (betamethasone=l (lVo), placebo=9

(9Vo), relative risk=0.13 (95Vo CI=O.01 to 1.0), p=0.02). All participants with speech

difficulties reported a mild impairment in that they reported that they were partially

understood when speaking to strangers but completely understood when speaking to

those who knew them well.
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8.5.6 SecondaryanalYses

Adjustment for sex, trial type, birth weight, gestational age and socio-economic status

did not change the results. No additional confounders were identified from the change

in estimates analyses conducted.

8.6 Discussion

The research in this chapter examines 192 neonatal survivors at 3l years of age from

the first and largest RCT of antenatal betamethasone for the prevention of neonatal

RDS. Antenatal exposure to betamethasone does not alter cognitive functioning'

working memory and attention, psychiatric morbidity, handedness, or HRQoL at 3l

years of age.

The only other report of outcome in adulthood following a RCT of antenatal

glucocorticoids involved 8l participants at a mean age of 20, and found no differences

in cognitive functioning, handedness or psychopathology.om The research presented in

this chapter is the first to report HRQoL into adulthood following exposure to antenatal

glucocorticoids.
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These findings are consistent with previous childhood follow-up studies from both the

Auckland Steroid Trial4e sl and other randomised trials of antenatal glucocorticoids.3e

MacArthur et aI followed 258 and 250 children, at four and six years of age

respectively, from the first 318 neonatal survivors of the Auckland Steroid Trial (trial

l;.ar st They reported no overall differences in cognition between the two groups.

However betamethasone-exposed children had lower scores on the Raven's Progressive

Matrices Test (a test of non-verbal reasoning) and two of the visual sub-sets of the

Illinois Test of Psycholingustic Abilities at age six. These differences were thought to

be unimportant, and this is consistent with the findings reported in this chapter of no

difference between groups in the Benton Visual Retention Test and the Matrix subtest

of the WASI (a test of non-verbal reasoning) at age 3l (matrix t score

betamethasone=53.6*10.4, placebo=54.1+10.4, difference=-0.5 (95Vo CI=-3.4 to 2'5),

p=0.75). The authors of the second largest randomised trial of antenatal glucocorticoids

followed 339 infants at 36 months of age and reported no difference in cognitive

outcome.3e

Post hoc calculations indicate that the psychological follow-up study had SOVo power

(q=0.05) to detect a difference between treatment groups of 5% for IQ, 7Vo for Brown

Attention Deficit Disorder total scores ,37o for STAI scores, and lOVo for SF-36 Mental

health scores. Thus clinicians can be confident that the relatively small fetal

glucocorticoid exposure resulting from a single course of antenatal betamethasone for

the prevention of neonatal RDS has no clinically detectable effect on cognitive

functioning, working memory and attention, or psychiatric morbidity into adulthood.

This confidence cannot be extrapolated to other situations of much larger glucocorticoid
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exposures in the perinatal period. Animal studies and non-randomised evidence suggest

possible adverse psychological sequelae following repeated courses of antenatal

glucocorticoids.2M 430 l.ong-term follow-up of recent RCTs is essential to clarifying the

clinical relevance of these effects. Follow-up of 146 school age children from a RCT of

much larger doses of glucocorticoids for treatment of neonatal CLD also found poorer

cognitive functioning in those exposed to glucocorticoids.zo

The research presented in this chapter is the first to report long term HRQoL into

adulthood following exposure to antenatal betamethasone. The SF-36 is a widely used

measure of HRQoL that has been well validated in the local setting.'ut Th" lack of

difference between the two groups in the eight independent domains strengthens the

evidence supporting continued use of a single course of antenatal betamethasone for

prevention of neonatal RDS.

The finding of no difference between groups with respect to handedness is consistent

with the earlier follow-up study into adulthood of 8l participants.am However the

authors reported that left-handedness was more prevalent amongst their. cohort in

comparison to the Dutch general population.am Preterm birth and antenatal maternal

anxiety have been shown to be associated with atypical handedness later in childhood.

Furthermore, changes to the HPA axis has been postulated as a possible mechanism for

the effect of antenatal maternal anxiety.a3r Given these possible theoretical concerns the

information in this chapter is reassuring.
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The research in this chapter found that betamethasone-exposed participants reported a

lower incidence of speech difficulties than placebo-exposed controls. The self-reported

speech impairment described is clinically mild. However the difference between groups

cannot be explained by cerebral palsy, cognitive functioning or ethnicity. MacArthur el

a/ reported no difference between groups in incidence of stammering, stutter, or

intelligibility of speech at four and six years of age.sl The differences between groups

in adulthood must be interpreted with caution in light of the multiple comparisons

undertaken in the analysis, and hence the possibility of a type one error.

There are a number of limitations to the findings presented in this chapter. Only 69Vo of

the eligible cohort of neonatal survivors living in the Auckland region participated in

the psychological study. While this obviously introduces the potential for selection bias,

the direction of such bias in perinatal follow-up studies of neurobehavioral outcome

remains uncertain. Some authors suggest that those not followed may have less

neurodevelopmental morbidity432 while others suggest the converse.433 Ho*ever, once

again, lack of complete follow-up would only bias the results if the association between

betamethasone exposure and psychological and HRQoL outcomes differcd between

those who did and did not participate. Since the original trial was randomised, there is

no reason to think this might be the case. Furtheffnore, the Auckland Steroid Trial is

particularly suited to long-term follow-up as very few mothers were not considered for

randomisation and there were similar numbers of neonatal survivors with similar

perinatal morbidity from both treatment groups.
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Further potential for selection bias is introduced by the geographical restriction of

psychological follow-up study participants to those living in the Auckland region, for

logistic and funding reasons. However, once again, this would only bias the results if

the association between betamethasone exposure and psychological and HRQoL

outcomes differed between those living in Auckland and those living elsewhere. This

seems unlikely given the randomised nature of the original trial, and the similar

proportion of the survivors from each treatment group who were eligible for the

psychological follow-up study, and who took part amongst those eligible. Furthermore,

the only difference in perinatal variables between the participants and the total cohort of

neonatal survivors presumed to be alive at 30 was the higher incidence of neonatal RDS

in participants.

The applicability of the findings presented in this chapter to current clinical practice is

less clear-cut. The psychological follow-up study only included nine infants born <30

weeks .gestation. However the expected neonatal outcome for these very immature

infants today is similar to that of the more mature cohort 30 years ago. Furthermore,

the majority of preterm babies are born after 30 weeks gestation,6 and it is this Soup

who are most similar to those reported in this chapter. Nevertheless, further follow-up

studies of more recent randomised trial cohorts will be helpful in clarifying any possible

long+erm effects of exposure to antenatal betamethasone at much earlier gestations

than was the case in this study.
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8.7 Summary

In conclusion, an6ratal ef,pogure to a single course of betamethasotre dOes not alrcr

cogpitive functioning, working mernorJ and affentionr Bsychiatric morbidity,

handedness, or FIRQoL in adulthood. Obsteuicians should continue to us€ a single

courso of antenatal glucocorticoids for the prevention of neonatal RDS.
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9 Psychological functioning and health related

quality of life in adulthood following preterm

birth

9.1 Summary of chapter contents

This chapter reports the results of participants' psychological functioning and HRQoL

following preterm birth from the psychological follow-up study-

9.2 Introduction

The long+ern ourcome of preterm birth is of considerable concern to paediatricians,

and increasingly to other health professionals and the public. Ex-preterm survivors

born of VLBW have been demoristrated to have a high incidence of adverse

neurodevelopment sequelae into late adolescence. Survivors experience poorer

educational attainment,tn poor", cognitive test scores,88 and increased risk of symptoms

of depression,m anxiety,eo and attention deficit hyperactivity disorder.ss

Epidemiological evidence from adult population cohotts has also demonstrated
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associations between low birth weight and low prevalence of marriage,434 fewer

professional occupations, low income,2% low educational attainment, poorer cognitive

test scores2es and poorer ability to function under stress.2ee Furthermore, perinatal

insults are known to increase the prevalence of depressionel 
e2 and schizophreniae3 

% in

later adulthood. However the effect of preterm birth on these outcomes in adulthood has

not been investigated.

There have been few reports of the prevalence of marriage, independent socio-

economic status, completion of tertiary education or psychological functioning and

quality of life in adulthood following pretenn birth. This is partly because survival rates

after preterm birth were very low before the 1970s, so that most large well-defined

cohorts of preterm survivors have not yet reached adulthood. Furthermore, reports of

long-term follow-up of neurodevelopment sequelae have mainly been confined to late

adolescence and generally been restricted to VLBW cohorts,ss despite the majority of

preterm survivors being born at gestations of >3}weeks and birth weights of >1,5009.6

Administration of antenatal gtucocorticoids was one of the first treatments shown to

substantially reduce mortality and morbidity in infants born preterm.3 The survivors of

the Auckland Steroid Trial thus comprise one of the earliest cohorts followed up after

perinatal interventions. All women enrolled into the original trial were considered to be

at risk of preterm delivery. However approximately one third delivered at term, and

most of the remainder delivered at what would now be considered only moderately

preterm gestations. Their surviving offspring therefore comprise a unique cohort whose
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perinatal history, including birth weight and gestational l9e, was recorded

prospectively, and who have now survived into adulthood.

9.3 Chapter hypothesis

That preterm birth does not alter socio-economic status, cognitive functioning, working

memory and attention, psychiatric morbidity, handedness and HRQoL at age 3l'

9.4 Additional statistical methods used in chapter analyses

The analyses in this chapter compare the socio-economic status, psychological

functioning and HRQoL of participants from the psychological follow-up study who

were born preterm with those born at term. Preterm birth was defined as birth before 37

weeks gestation, where gestational age was assessed from obstetric data including

menstrual history and confirmed with neonatal examination.l

Primary analyses were unadjusted. Secondary analyses using multiple linear regressron

adjusted for confounding by sex, antenatal betamethasone exPosure and socio-

economic status decided a priori.
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9.5 Results

9.5,1 Background characteristics

participants who had been born preterm were more likely to be from a multiple

pregnancy, a pregnancy complicated by planned preterm labour, hypertension

syndromes or haemolytic disease, but less likely to be from a pregnancy complicated by

gestational diabetes [Table 9.1]. The median gestational age at delivery was 34 weeks

and I day in the participants who were born preterm vs. 39 weeks and 4 days in those

born at term (p={.001). Participants who were born preterm were lighter at birth with

lower birth weight z scores, and had increased rates of low Apgar scores and RDS

compared to participants born at term. There was no difference in exposure to antenatal

betamethasone between participants born pretenn compared to those born at term

lTable 9.11.

9,5.2 Socio-economic characteristics

participants born pretelm were less likely to use tobacco or illicit drugs compared to

those born at term [Table 9.2]. There was no difference in alcohol use, marital status,

education obtainment, household income or socio-economic status according to

occupation3a'between participants born pretenn compared to those born at term [Table

e.21.
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Table 9.1: Perinatal characteristics of panicipants born preterm and born at term with

psychological follow-up.

Characteristic

Maternal characteristics

Multiple pregnancy

Unplanned premature labour

Hypertension

Gestational diabetes

Haemolyic disease

Betamethasone treatment

Neonatal characteristics

MaIe

Gestational age delivery, daYs

Birth weight, grams

Birth weight z score

Birth weight <ldh centile

Fetal distress

5 min Apgar >7

RDS

RDS moderate or severe

66 (52)

239 (226 to 245)

1946463
-0.44l0.90

20 (16)

l9 (ls)
er (72)

2r (r7)

33 (so) o.1s

277 (265 to 283) 4.001
3277t521 <0.001

-0.10*1.08 0.02

Born preterm
n=126

le (ls)
ee (7e)

16 (13)

0 (0)

I (6)

60 (48)

Borrr at term P

n=66

3 (5) 0.03

60 (91) 0.03

0 (0) 0.002

3 (s) 0.04

0 (0) 0.0s

27 (4r) 0.38

r7 03

7(ll)
8 (12)

s7 (86)

0 (0)

o(0

o.32

0.58

0.03

d.001
<0.001

Data are n(Vo),median (IQR) or rneantSD. RDS=Respiratory disUess syndrome'
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Table 9.2: Adult characteristics of participants born preterm and born at terrr with

psychological follow-up.

Characteristic

Ethnic origin
European

Maori
Pacific

Other

Tobacco use

Non-smoker

Former

Current

Alcohol use*

Non drinker

Social drinker

Heavy drinker

Illicit drug use

Marital status

Single

Separated/divorced/widowed

Married or living with partner

Household incomet
<$20,000

$20,000 to $40,000

>$40,000

Education level

High school <4 years

High school >3 years

Polyechnic
University

Socio-economic statusf
I
2

3

4

5

6

Born preterm Born at term

n=126 n=66

99 (79',)

20 (16)

7 (6)

0 (0)

77 (6t)
24 (19)

2s (2O)

2e (23)

83 (66)

14 (ll)
36 (2e)

45 (36)

4 (3)

77 (6r)

l l (l l)
2t (2r)
68 (68)

2t (r7)
34 (27)

4r (33)

30 (24)

4 (3)

2s (2O)

38 (30)

27 (22)

2r (r7)

4s (68)

rs (23)

s (8)

| (2)

2s (38)

t4 (2r)
27 (4r)

17 (26)

35 (s3)

14 (2r)
28 (42)

r7 (26)

2 (3)

47 (7r)

6(1r)
l0 (18)

38 (70)

r4 (2r)
t4 (2t)
2r (32)

r7 (26)

o.27

0.003

0.1I

0.05

0.36

0.93

o.77

o.42

s (8)

9 (14)

23 (3s)
r8 (27)

7(lr)
l0 46
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Data are n (To). *Based on standard units of alcohol consumption, a-djusted for sex.H tFigures
given in New Zealand dollars. 26 preterm and 12 term declined to answer. fBased on
occupation, | =hi ghest socio-economic group.v3

9.5.3 Past psychiatric diagnosis

Five (47o) participants who had been born preterm and seven (ll%o) who had been bom

at term reported a previous psychiatric diagnosis (RR=0.37,95Vo Cl=O.12 to 1.1,

p=0.07). One participant who had been born preterm suffered from schizophrenia, all

other diagnoses were affective and anxiety conditions.

9.5.4 Psychological functioning

There was no difference between participants born preterm and those born at term in

measures of cognitive functioning, working memory, attention, anxiety or schizotypy

[Table 9.3]. Those born preterm had lower depression scores as measured by the BDI-II

and lower laterality quotients as measured by the Edinburgh Handedness Inventory,

indicating a preference for mixed or left hand use. However the difference in the

number of individuals classified as left-handed did not reach significance (preterm=14

(ll%o), term=3 (5Vo), RR=2.4, 95Vo Cl=0.73 to 8.2, p=0.13). Adjustment for past

psychiatric diagnosis did not change the depression, anxiety, or schizotypy results.
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9.5.5 Health related quality of life

Participants who had been born preterm recorded higher functioning scores in three of

the eight HRQoL domains of the SF-36; bodily pain, general health perception and

social functioning [Table 9.3J. There was no difference between groups in the numbers

reporting speech or hearing difficutties. However, participants born preterm reported

significantly fewer visual difficulties. One participant born preterm with symptoms of

hypermetropia reported that they could not read ordinary newsprint even with the aid of

corrective lenses, but were able to recognize a friend on the other side of a street

without corrective lenses. All other participants reported symptoms of myopia and

hypermetropia that corrected with the aid of corrective lenses.

9.5.6 Secondaryanalysis

Adjustment for sex, antenatal betamethasone exposure and socio-economic status did

not change the results.
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9.6 Discussion

The research in this chapter examines 192 neonatal survivors at 3l years of age whose

mothers had participated in a RCT in the perinatal period.r 't0 Pret"rm birth did not alter

later marital status, education attainment, socio-economic status, cognitive functioning,

working memory, attention, or symptoms of anxiety or schizotypy at 3l years of age'

Preterm birth was associated with fewer symptoms of depression and higher levels of

satisfaction in three of the eight HRQoL domains measured.

Cognitive functioning following preterm birth has previously been reported only into

late adolescence.8s 
s Meta-analysis of l5 studies conducted in school age participants

found lower cognitive functioning scores in those who had been born preterm (mean

weighted difference lO.9 (95Vo Cl=9.2-12.5;).88 However, thirteen of these studies

restricted pretelm infants to those who were VLBW (<1,5009). The remaining two

studies only contributed 16O (lOVo) of the 1,556 cases and still had mean birth weights

and gestational ages that were lower than those from the data used in this chapter

(McDonald et af3s 1,776*5l}gand 3l.4t3weeks, Sommerfelt et af36 1,555t368 and

32t3weeks, respectively). tn comparison, this chapter reports no difference in WASI

scores between adults born preterm and those born at term. Participants in the

psychological follow-up study were born only moderately pretenn' with only 26 (ZlVo)

of the preterm group having a birth weight of <1,5009. With the use of age adjusted

standardised tests, as used in the psychological follow-up study,35e cognitive

functioning is not expected to change between adolescence and adulthood in otherwise

healthy subjects, although it remains influenced by educational attainment.43? Thus it is
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possible that the difference in cognitive outcomes between the research reported in this

chapter and those conducted in adolescence might reflect a true difference in outcome

between moderate and extreme prematurity.

The cognitive functioning findings of the research presented in this chapter are in

contrast to those of Breslau et al who studied reading and arithmetic ability at ages I I

and 17 in a cohort of normal and LBW children who had also had their IQ measured at

age 6.438 The majority (84Eo) of the LBW cohort had birth weights of between 1,500

and 2,5009. The authors found that at age 17 LBW children (n=713) had lower reading

and arithmetic scores in unadjusted comparisons (5 and 7 points respectively,

meanrSD=l00tl5). It is possible that the difference between studies may be due to

losses to follow-up in either study, since Breslau et a/ examined 65Vo of their initial

target sample at age 17. Furthermore, the earlier study examined the effects of LBW

rather than preterm birth, thus is perhaps not directly comparable to the study presented

in this chapter, and included more SGA infants in the LBW group (22Vo vs. 16%o in the

prererrn group reported in this chapter). The definition used in this thesis for SGA is

based on deliveries in 1990 to 1991,328 primarily due to the increased precision of

preterm birth weights available in this dataset. However an increase in mean birth

weight occurred between the 1970s and the 1990s.328 Thus the definition used for SGA

in this thesis is likety to be an over-estimate. Post hoc calculations indicate that the

study presented in this chapter had SOVo power (s=0.05) to detect a difference of 5 IQ

points between groups. Thus clinicians can be confident that moderate prematurity does

not result in poorer cognitive functioning. This same confidence cannot be extrapolated

to infants born at earlier gestational agestt or SGA.
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Preterm birth was not associated with differences in measures of attention, anxiety or

schizotypy at age 31. However pafiicipants who had been born preterm reported lower

depressive symptoms on the BDI-II, with the effect more pronounced in males (male

preterrn median=4 (IQR=I to 8), term=6 (IQR=3 to l2), difference=-3 (95Vo CI=-5 to

0), p=0.03; female preterm median=S (IQR=Z to l3), term=7 (IQR=2 to l3)'

difference=-l (957o CI=-4 to 2), p=0.37). In contrast, Hack et al rcported increased

rates of internalising behaviour (including anxiety and depression) in 125 women aged

20, but not in 123 men aged 20, who had been born VLBW.eO The overall prevalence of

depression in the psychological follow-up study is consistent with a local study using

the same measure (BDI-ID which found a prevalence of 13.\Vo (957o Cl9.6 to 18.5) in

adults attending Auckland General Practitioners.o3e Thus the difference in depression

outcomes between the research presented in this chapter and that by Hack et al may

reflect a true difference in outcome between moderate and extreme prematurity or may

be due to change in prevalence between the different ages of testing (20 vs. 3l years).

The lack of association between prematurity and attention deficit disorder confirms the

earlier finOings of Hack et al.eo Both these studies are in contrast to studies conducted

in school age children,8E which have found an increased risk of attention deficit

disorder, suggesting a possible late maturing of attention behaviours as ex-Preterm

infants enter adulthood. The findings presented in this chapter with respect to the

prevalence of depression, anxiety, attention deficit disorder and schizotypy may have

had increased precision if participants had undergone a formal structured psychiatric

interview. However it is unlikely that major differences were missed between groups

born preterm and at tefin as three353 
3ss 358 out of the four scales used are widely utilised

in both clinical practice and research.
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Participants who were born preterm reported HRQoL similar to or better than those

born at term, with better functioning on the bodily pain, general health perception and

social functioning domains of the SF-36. Measures of HRQoL are not only affected by

the presence of pathology but also give a global view of an individual's physical, social,

and psychological status as that individual interacts within their environment, including

the impact of health care quality, education and socio-economic status.* Th" finding

of no difference in SF-36 scores is consistent with Cooke's follow-up of 138 VLBW

infants at 19 to 22 years of age.8e Furthermore, the SF-36 scores of participants born

preterm in the psychological follow-up study are consistent with age and sex adjusted

New Zealand norms.363 Participants were free of major neurodevelopmental disabilities

and it is possible that their perception of having survived preterm birth has resulted in

them placing more value on certain SF-36 domains despite having similar physical

health to participants born at tern. This protective adaptation may also explain the

lower rates of tobacco and illicit drug use amongst those born preterm. Other studies

have also reported less risk taking behaviour (decreased alcohol use, less illicit drug

use, less delinquent behaviour) in ex-pretern infants in late adolescence/early

adulthood.Eem

The finding that participants who were born preterrn reported fewer visual difficulties

was ungxpected. The self-reported visual impairment described was colrectable with

the aid of corrective lenses in all cases except one. The differences between groups in

adulthood must be interpreted with caution in light of the multiple comparisons

undertaken in the analysis, and hence the possibility of a type one error-
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Previous studies of VLBW infants have reported an increased incidence of left-

handedness in childhoo d.44t 
442 The finding in this srudy of lower laterality quotients in

those born preterm is consistent with these previous studies. The failure to detect a

difference in prevalence of defined left-handedness may reflect a graduated response

between extreme and moderate prematurity, or may simply reflect inadequate power to

detect differences in this relatively uncommon outcome.

By age 31, in contrast to the situation in childhood and late adolescence, the direct

influence of parental socio-economic status on an individual's own socio-economic

status has waned. Thus the findings that participants born preterm are similar to

participants born at term in income, educational attainment, marital status and socio-

economic status based on occupationla3 are reassuring in assessing the overall

contribution of these babies to society.

There are a number of limitations to the findings presented in this chapter. As

previously reported only 697o of the eligible cohort of neonatal survivors living in the

Auckland region participated in this study. While this obviously introduces the potential

for selection bias, the direction of such bias remains uncertain.432 
433 Furtlrerrnore,

participants were asked to enter a follow-up study of antenatal betamethasone treatment

and were not aware of the potential for this analysis based on preterm birth.

Further potential for selection bias is introduced by the geographical restriction, for

logistic reasons, of study participants to those living in the Auckland region. However

3t4



this would only bias the results if the association between preterm birth and socio-

economic status, psychological functioning and HRQoL outcomes differed between

those living in Auckland and those living elsewhere. Again, this seems unlikely as the

adult characteristics reported in this chapter were measured in all 534 participants at the

time of their involvement in the physiological follow-up study, and were similar in the

342 individuals who did not participate to those of the cohort reported here.

The Auckland Steroid Trial is particularly well suited to reporting the long-term effects

of preterm birth. Administration of antenatal glucocorticoids was one of the first

treatments to significantly decrease mortality and morbidity in infants born preterm.2 3

Thus survivors of the original trial represent one of the oldest cohorts of ex-preterm

infants available. The findings are generalisable as the majority of infants born preterm

each year experience onty the moderate levels of prematurity found in this cohort.6

Furthermore, the trial has an advantage over retrospective studies as information on

gestational age, birth weight and perinatal outcomes were collected prospectively. In

addition, individuals born at term in this cohort may reflect a better control population

to test the true effect of preterm birth compared to case control studies matched after

birth, as all participants, whether born preterm or at term, were exposed to the risk of

preterm birth.

The cohort reported in this chapter did not include any participant with a major

neurodevelopmental disability. This may partly be explained by the high (l9%o) fetal

and neonatat mortality occurring in the era of the Auckland Steroid Trid, 1969 to

lg74.t ''o It is also possible that the tracing strategies utilised in the physiological
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follow-up study failed to trace or recruit such individuals into the study. However it

seems unlikely that these individuals were not traced at age 30, as contact information

was readily available if a neonatal survivor of the Auck-land Steroid Trial had been

assessed at a public hospital; something that would be highly probable for those with

major neurodevelopmental disability. Furthermore, the rate of severe

neurodevelopmental disability was also low when 318 neonatal survivors were

followed up at four years of age for the WHO Follow-up Study, at which time

information was available on more than 85Vo of the eligible cohort. ae Nevertheless, the

findings presented in this chapter cannot be extended to such infants. However as only a

few neonatal survivors of moderate prematurity experience such disability the findings

remain generalisable to the majority of survivors of moderate preterm birth.

9.7 Summary

ln conclusion, adults who were been born moderately preterm had socio-economic

status, psychological functioning and HRQoL similar those who were born at term.

However this reassuring long-term outcome cannot be extrapolated to adults who were

born VLBW or who have experienced early childhood disability.
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10 Peak bone mass following antenatal

glucocorticoids and preterm birth

10.1 Summary of chapter contents

This chapter reports the recruitment and results of the bone mass follow-up study.

1O.2 lntroduction

Epidemiological studies have demonstrated an association between small size at birth

and later disease in adulthood.a Low birth weight in particular has been associated with

low bone mass,'fl-t6e although few studies have distinguished between the contributions

of length of gestation and fetal growth to low birth weight, and none have reported

associations with later bone geometry. Small size in infancy has also been associated

with later low bone mass.'un 
ua Similarly, poor postnatal growth in late childhood and

early adolescence has been associated with increased risk of later hip fracture.us

Reports of the effects of birth and childhood size on later bone mass have mainly been

confined to effects on later BMC, although associations with BMD have also been

reported.2@267 
26e However the association seen between low birth weight and low bone
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mass is reduced after adjustment for current size, suggesting that individuals born small

have smaller bones which are in proportion to their smaller adult size.2s268

It has been suggested that the relationships between early growth and later bone mass

could be mediated via the vitamin D,228 
43 growth hormone,4 &5 or HPA axes.

Glucocorticoids are of particular interest given their known effects on bone in postnatal

life. A detailed study of 34 elderly men reported a negative association between 24 hour

plasma cortisol concentration and BMD, and a positive association between trough

plasma cortisol and bone loss over four years.ffi Furtherrnore, fetal exposure to

antenatal glucocorticoids is proposed as one of the core mechanisms explaining the

association between small size at birth and later disease in adulthood.s The only animal

study of antenatal exposure to dexamethasone and later bone mass of the offspring

showed no effect in male rats, but significantly reduced cortical thickness in adult

females.lTT There have been no previous human studies of later bone mass following

antenatal glucocorticoid exposure.

10.3 Chapter hypotheses

l. That antenatal exposure to betamethasone for the prevention of neonatal RDS

does not alter the prevalence of fractures at age 30, or DXA derived bone mass

or femoral geometry at age 31, an age of peak bone rnass.
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2. That birth weight or preterm birth do not alter the prevalence of fractures at age

30, or DXA derived bone mass or femoral geometry at age 31, an age of peak

bone mass.

10.4 Additional statistical methods used in chapter analyses

The effect of antenatal exposure to betamethasone was tested using unpaired t tests and

Mann-Whitney tests, or X2 tests for continuous and categorical variables, respectively'

The aim of this analysis was to compare prevalence of fractures at age 30, and DXA

derived peak bone mass and femoral geometry between 3l year olds exposed to

antenatal betamethasone and those exposed to placebo. Primary analyses were

unadjusted.

Secondary analyses using multiple linear regression adjusted for confounding, decided

a prioi, by the baseline variables of sex and trial qpe, together with the post-

randomisation variables of birth weight, gestational age and socio-economic status

determined by occupation.3a3

Further confounders were explored using the change in estimates technique at the l07o

level.all
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The effect of preterm birth on the prevalence of fractures at age 30 was tested using f

tests. Multiple linear regression was used to assess the relationship of both birth weight

and preterm birth on adult peak bone mass and femoral geometry. The effect of birth

weight was investigated using birth weight z scores in models as these are adjusted for

gestational age, and are thus independent of prematurity. The effect of preterm birth

was investigated using gestational age in the regression models. Results are presented

as the F*Sn. Results are initially for univariate analysis. Multivariate analysis included

adjustment for sex, antenatal betamethasone exposure and current size decided a priori.

Adjustment for current size was as follows: adjustment of lumbar spine DXA variables

was by upper segment length z score, adjustment of total body DXA variables was by

height z score, adjustment of proximal femur DXA variables and femoral geometry

variables was by subischial leg length z score.

10.5 Results

10.5.1 Recruitment

Two hundred and eighry individuals of the 534 participants from the physiological

follow-up study were eligible for enrolment in the bone mass follow-up study as they

resided in the greater Auckland region. One hundred and seventy four (62Vo) of these

individuals subsequently enrolled in the bone mass follow-up study [Figure 10'l]' All

of these individuals underwent DXA scans of the hip, total body and proximal femur.

Eighty betamethasone-exposed and 94 placebo-exposed participants took part (617o vs.
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647o ofthose eligible, p=0.62). The mean age at follow-up was 31.ItI.2 and 3l.l+l.l

years respectively (p=0.94).

1 0.5.2 Background characteristics

Those who participated in the bone mass follow-up study were morc likely to have had

RDS, but had otherwise similar perinatal characteristics to the entire cohort of non-

participants presumed to be alive at age 30 (participants=I9 (ll%o),non-participants=50

(6Vo), p=0.04) [Table 10.U. Those who participated were more likely to be a current

smoker and to have experienced a longer interval between trial entry and delivery, but

had othenuise similar perinatal and adult characteristics to those who were eligible for

the bone mass follow-up study (lived in the Auckland area) but declined participation

[Table 10.U. Of those who participated in the bone mass follow-up study, those

exposed to betamethasone were more likely to have been from a pregnancy complicated

by hypertension (betamethasone=I0 (l3Vo), placebo=3 (3Vo), p=0.02), but had

otherwise similar perinatal and adult characteristics to those exposed to placebo [Table

10.21.
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Figure l0.l: Participant flow to bone mass follow-up study.

*Details in Table 5.2. fNon-participants presunred to be alive at age 30. tTraced but declined

participation in the physiotogical follow-up or residing overseas and not returning to New

Tealand within the time frame of the study.

617 Placebo-
exposed infants

601 Betamethasone-
exposed infants

122 Neonatal deaths

2l Subsequent deaths*
108 Neonatal deaths

2l Subsequent deaths*

474 Presumed to be
alive at age 30

47ZPresumed to be
alive at age 30

134 Lost to follow upt
59 Unavailablett

14l Lost to follow upf
78 Unavailablet*

281 Physiological
follow-up study

253 Physiological
follow-up study

t33 Not living in
Aucklandt

12l Not living in
Aucklandt

148 Eligible cohort
living in Auckland

132 Eligible cohort
living in Auckland

54 Declined
participationf

52 Declined
participationt

94 Bone mass
follow-up study

80 Bone mass
follow-up study
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Table 10.2: Characteristics of betamethasone and placebo-exposed participants with

bone mass follow-up.

Characteristic

Maternal characteristics

Multiple pregnancy

Unplanned premature labour

Hypertension

Gestational diabetes

Haemolytic disease

Gestational age at entrY, daYs

Entry/delivery interval, daYs

Trial I

Neonatal characteristics
Male

Gestational age delivery, daYs

Term delivery

Birth weight, grams

Birth weight z score

Birth weight <10'h centile

Fetal distress

5 min Apgar >7

RDS

RDS (moderate or severe)

Adult characteristics

Ethnic origin
European

Maori
Pacific

Tobacco use

Non-smoker

Former

Cunent

Alcohol use*

Non drinker

Social drinker

Heavy drinker
Marital status

Betamethasone

n=80

l1 (14)

6s (81)

l0 (13)

I (l)
3 (4)

228 (206ro?39)

4.7 (2 to 38)

48 (60)

42 (s3)

245 (234 to 262)

22 (28)

2329*'826

-o.34fi.92

l4 (18)

e(ll)
64 (80)

6 (8)

6 (8)

64 (80)

l2 (15)

4 (5)

47 (59',)

1l (14)

22 (28)

22 (28)

4e (61)

e(lr)

Placebo P

n=94

l0 (l l) 0.s3

79 (84) 0.63

3 (3) 0.02

l (1) 0.91

6 (6) o.43

232 (216 to 24r) 0.13

5.7 (1.8 to 36) 0.66

s8 (62) 0.82

46 (4e) o.&
246 (231 to 265) 0.62

34 (36) O.22

2413*757 0.48

-0.26+1.01 0.59

l I (12) 0.28

16 (17) 0.28

73 (78) o.7r

13 (14) 0.18

9 (lo) 0.63

69 (73)

20 (2t)
s (s)

se (s2)

24 (26)

2r (22)

23 (24)

s9 (63)

l2 (13)

0.55

0.15

0.88

0.84
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Single

Separated/divorced/widowed

Manied or living with partner

Education level

High school <4 years

High school >3 years

Polytechnic

University

Socio-economic statust
I
2

3

4

5

6

Physical activity
No moderate exercise/day

<30 minutes moderate exercise/day

Z3O minutes moderate exercise/day

No vigorous exercise/day

<30 minutes vigorous exercise/day

230 minutes vi s exercise/da 29 (36)

28 (3s)

3 (4)

49 (61)

l6 (20)

2r (26',)

2r (26;)

22 (28)

2 (3)

l8 (23)

2r (26)

t7 (2t)
l4 (18)

8 (r0)

r7 (2t)
29 (36)

34 (43)

32 (4O)

19 (24)

2e (3r)
4 (4)

6l (65)

le (20)

2s (27)

3l (33)

le (20)

6 (6)

rs (16)

32 (34)

20 (22)

l4 (1s)

6 (6)

12 (t3)
50 (s3)

32 (34)

23 (24)

27 (2e)

0.65

0.53

0.07

0.09

44 (47

Data are n (7o), nrcdian (IQR) or meantSD. RDS=Respr-rljory distress syndrome' *Based on

standard units of alcohol consumption, adjusted for sex.H tBased on occupation, l=highest

socio-economic group.3o3

10.5.3 Effect of antenatal betamethasone exposure

Although there was no difference between groups in mean adult height, the

betamethasone-exposed participants had slightly greater subischial leg length z scores

than placebo-exposed participants (mean difference=0.38' 95Vo CI=O'02 to 0'74), but

reduced upper segment z scores (mean difference=-0.17,95Vo Cl=-O'53 to 0'19)' The

mean difference between leg length and upper segment z scores (an index of the relative

length of the appendicular and axial skeletons) was also significant (betamethasone-
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exposed=0.3011.06, placebo-exposed=-0.25t1.16, mean difference=0.55 (95Vo CI=0-21

to0.88),P=0.002).

There was no difference between betamethasone and placebo grcups in any of the

DXA-derived, lumbar spine, total body, proximal femur and HSA measures [Table

10.3]. Adjustment for gender, birth weight, gestational age, and socio-economic status

did not change the results. Furthermore, trial type (i.e. betamethasone dose) did not

change the results, and nor did adjustment for subischiat leg length z scores change the

proximal femur or HSA results.

10.5.4 Effect of birth weight and prematurity

Birth weight, both unadjusted and adjusted for gestational age (z score), was positively

associated with height, upper segment length, subischial leg length and weight at 3l

years of age. For example, a one SD increase in birth weight z score was associated

with an increased adult height of 3.7cm [Table 10.4]. Gestational age also had a weak

positive association with height, upper segment length and subischial leg length z

scores, but not weight at 3l years of age [Table 10.4]. The birth weight z score and

gestational age explainedZOVo and 4Vo, respectively, of the variance in adult height z

scores.
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In univariate analyses, birth weight, independent of gestational age, was positively

associated with lumbar spine BMC, area and aBMD at 3l years of age' These

associations were abolished by adjustment for current size (upper segment length z

score). There was no relationship between birth weight and lumbar spine vBMD. A

similar pattern was seen for total body BMC and aBMD, although the association with

birth weight remained weakly positive after adjustment for curent size fteight z score).

Birth weight, independent of gestational age, was positively associated with femoral

bone area, BMC and aBMD at all four sites. Adjustment for current size (subischial leg

length z score) abolished the association with femoral bone area and reduced the size of

the associations with femoral BMC and aBMD, although they remained statistically

significant. A similar pattern was seen with HSA of the natrow neck cross sectional

area, cortical thickness, and section modulus. ln the HSA a reduced birth weight z score

was associated with a reduced external diameter, that is the bone was nalTower. Each

SD reduction in birth weight z score was associated with a 0.5mm reduction in external

diameter at both the narrow neck and femoral shaft sites. This was also reflected in the

association of birth weight z score with a reduction in section modulus at these sites.

The effects were partially offset by a narrowing of the medullary cavity, since cortical

thickness at these two sites was reduced by only 0.1 and 0-2mm respectively, for each

SD reduction in birth weight z score [Table 10.5].

Gestational age was not associated with lumbar spine, total body, proximal femur and

HSA measures at 3l years of age [Table 10.5]'
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10.5.5 Previous fracture

Fracture data were available for the 534 participants of the physiological follow-up.

One hundred and twenty one (487o) betamethasone-exposed and 135 (48Vo) placebo-

exposed participants had suffered one or more fractures by thirty years of age (relative

risk=1.00, 95Vo C14.85 to l.l?, p=0.96). One hundred and seventy one (46%) of the

participants who had been born preterm and 85 (527o) of the participants who had been

born at term had suffered one or more fractures by thirty years of age (RR=0.85,95%

CI=0.65 to 1.09, p=0.20). There was no difference in the total number of fractures per

participant for betamethasone vs. placebo-exposed or preterm vs. term birth groups

[Table 10.61.

Table 10.6: Effect of betamethasone exposure and preterm birth on fracture prevalence

at age 30.

Number of fractures by age 30 Betamethasone Placebo P

n=253 n=281

t32(s2\ 146(s2\ 0.70

60 (24) 74 (26)

6r (24) 6t (22)

Born preterm Born term
n=371 n=163

200 (s4) 78 (48) 0.28

86 (23) 48 (2e)

85 (23) 37 (23)

0

I
>_2

0

I
>2

Data are n (%r.
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10.6 Discussion

The research in this chapter examines 174 neonatal survivors at 3l years of age from

the first and largest RCT of antenatal betamethasone for the prevention of neonatal

RDS. The results indicate that antenatal exposure to betamethasone does not affect

adult height, peak bone mass or femoral geometry at 3l years of age, although

betamethasone-exposed participants had relatively increased leg len gth.

A lighter birth weight and lower gestational age were associated with shorter stature at

31 years of age. Preterm birth per se had no effect on peak bone mass or femoral

geometry. However birth weight, independent of gestational age, was associated with

reduced later bone mass. Adjustment for current size reduced the size of this effect, but

weak positive associations remained between birth weight and total body and femoral

BMC and aBMD. The HSA revealed weak positive associations between birth weight

and narrow neck section modulus and cortical thickness measures-

The research presented in this chapter is the first report of bone mass following

exposure to antenatal betamethasone. Five studies have reported bone mass in the first

year of life following postnatal exposure to glucocorticoids for neonatal CLD.e7asl

Three reported no difference in bone mass following dexamethasone,4T*e but Kurl et

cl reported a negative association between duration of dexamethasone [eatment and

BMC at three months corrected age.oto Similarly, Ward et al reponed lower BMC in

dexamethasone treated preterm infants.asl However there is substantial possibility for
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bias in these studies as both were small (18 and 17 dexamethasone-exposed infants

respectively) and used preterm infants without CLD as a comparison group, raising the

possibility that factors other than dexamethasone exposure may explain the differences.

The finding of no difference in peak bone mass and femoral geometry following

antenatal betamethasone is reassuring in light of the single study in rats reporting

reduced cortical thickness in adult offspring after antenatal dexamethasone.lTT The

animals were exposed to glucocorticoids earlier in gestation, at a larger dose and over a

longer time frame than participants from the Auckland Steroid Trial, or those treated in

current clinical practice. Post hoc calculations indicate that the bone mass follow-up

study had SOVo power (d=0.05) to detect a difference between treatment groups of 7 to

9Vo for femoral shaft and narrow neck cortical thickness. Thus clinicians can be

confident that the relatively small fetal glucocorticoid exposure resulting from a single

course of antenatal betamethasone for the prevention of neonatal RDS has no clinically

detectable effect on peak bone mass and femoral geometry at 3l years of age.

The finding of relatively increased leg length in the betamethasone-exposed participants

is intriguing. Appendicular growth is more rapid than axial growth before puberty, and

decelerates at puberty when axiat growth accelerates. Thus the difference between

groups might be explained by a delay in the onset of puberty. However there was no

difference in age at menarche amongst the 260 female pafliciPants in the physiological

follow-up study (betamethasone-exposed=12.6x,L3 years, placebo-exposed=I2.5+1.8

years, difference=O.l years (95Vo Cl=-0.3 to 0-5), p=S.64;.
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preterm birth was not found to be associated with peak bone mass or femoral geometry

at 3l years of age. This finding is consistent with previous studies of ex-preterm infants

in childhood and late adolescence. A study of 25 adolescents, born at a mean

gestational age of 31 weeks, found no difference, after adjustment for current size' in

lumbar spine, total body and hip bone mass.lo7 Another study of 2M children, aged 8 to

12 years who had taken part in a neonatal feeding trial, reported similar findings.lla The

findings presented in this chapter in relation to preterm birth are particularly robust as

those who were born at tenn were exposed to similar antenatal stressors, namely risk of

preterm delivery, to those born preterm. Furthernore, the cohort was assembled

prospectively and the infants on average suffered only mild prematurity (median

gestational age 35 weeks). These only slightly preterm infants comprise the majority of

all infants who are born preterm and low birth weight.6

ln contrast to preterrn birth, birth weight, independent of gestational age, was found to

have a positive association with peak bone mass and femoral geometry in univariate

analyses. The reduction in effect size with adjustment for current size left only weak

associations between birth weight and total body and femoral BMC and aBMD- The

clinical significance of such weak associations remains unknown. The reduction or

abolition of effect with adjustment for current size is consistent with previous

studies.2426t These findings suggest that adult bone size in those born small is on the

whole concordant with their (reduced) statural growth-

Furthermore, the findings suggest a possible working model for the nature of this

reduction in bone size. Lower birth weight z score was associated with reduced upper
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segment length z score and with reduced bone area in the lumbar spine, suggesting that

these bones were smaller in all dimensions. ln the femur, lower birth weight z score

was associated with a greater reduction in the external diameter of the n,urow neck and

femoral shaft than in cortical thickness, indicating that the long bones were narrower.

However, the reduction in cortical thickness was much less, indicating a compensatory

reduction in medullary width. The reduction in section modulus resulting from the

reduction in external diameter was thus offset by the preservation of cortical thickness,

reflected in the minimal effect on buckling ratio. The finding of weak positive

relationship between birth weight and cortical thickness may help explain why previous

studies2e-2un haue found stronger associations with birth weight and BMC rather than

BMD, given the problems inherent in two dimensional DXA analysis. To date no

previous study has examined the association between birth weight and femoral

geometry.

Previous studies that have found an association between low birth weight and low bone

mass.2fl-26e However these studies on the whole have not distinguished between an

infant bom at 35 weeks who was an appropriate weight for gestation and an infant born

at 4l weeks who was SGA, as information concerning gestational age has not b€en

available from historical cohorts. The findings presented in this chapter suggest that, for

adult peak bone mass, being born small for a given gestational age is more important

than being born preterm. The overall importance of the in utero environment has been

demonstrated in animal paradigms where nutritional manipulation of pregnant rat dams

has resulted in altered bone mass in the adult offspring. Mehta et aI reported that
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exposure of pregnant rat dams to protein restriction resulted in decreased bone area and

BMC, but not BMD, in the subsequent adult offspting.ott

The finding of short stature in adulthood following low birth weight or pretenn birth is

consistent with other follow-up studies into adolescence.t0t 
los In the study reported in

this chapter birth weight z score and gestational age explained ZOVo and 4Vo,

respectively, of the variance in adult height z scores. Large population studies have

shown tall adult stature is a risk factor for fracture.4s34s7 For example, in a study of

>29,000 women, aged 50 to 80, height at age 25 was positively associated with later

spinal, radial and hip fracture risk.a56 Thus the shorter stature found with low birttr

weight in participants of the bone mass follow-up study could be protective against later

fracture risk. However long-term follow-up of low birth weight and preterm cohorts

well into mid and late adulthood is essential to determine the long-term clinical

significance of this short stature. In the cohort studied there was no association between

birth weight, prematurity or betamethasone and fractures up to 30 years of age. This

finding is consistent with other studies that have shown no relationship between birth

weight26e'76 ot prematurityl ls *6 fracture risk.

There are a number of limitations to the bone mass follow-up study. Only 62Vo of the

eligible cohort of neonatal survivors living in the Auckland region participated in the

study. However once again, lack of complete follow-up would only bias the results if

the association between betamethasone exposure and bone mass outcomes differed

between those who did and did not participate. Since the original trial was randomised,

there is no reason to think this might be the case. Furthernore the Auckland Steroid
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Trial is particularly suited to long-term follow-up as very few mothers were not

considered for randomisation and there were similar numbers of neonatal survivors with

similar perinatal morbidity from both treatment groups.

Second, further potential for selection bias is introduced by the geographical restriction

of bone mass follow-up study participants to those living in the Auckland region, for

logistic and funding reasons. However once again, this would only bias the results if

the association between betamethasone exposure and bone mass outcomes differed

between those living in Auckland and those living elsewhere. This seems unlikely

given the randomised nature of the original trial, and the similar proportion of the

survivors from each treatment group who were eligible for the bone mass follow-up

study, and who took part amongst those eligible. Furthermore, the only difference in

perinatal variables between the participants and the total cohort of neonatal survivors

presumed to be alive at 30 was the higher incidence of neonatal RDS in participants.

Third, the bone mass follow-up study only included nine infants born <30 weeks

gestation. Once again, the findings must be inteqpreted with caution in relation to babies

exposed to antenatal betamethasone earlier in gestation. However the expected neonatal

outcome for these very immature infants today is similar to that of the morc mature

cohort 30 years ago. Furthermore, the majority of preterm babies are born after 30

weeks gestation, and thus the study cohort are widely representative of culrent obstetric

and neonatal practice.
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Fourth, the results were not adjusted for the multiple comparisons undertaken in the

analyses. [n such adjustment only the association between birth weight and later stature

remains significant. All associations between birth weight and later bone mass are

abolished after adjustment for current size. Thus one must remain cautious in the

interpretation of the findings of birth weight in relation to bone mass. However in order

to allow comparison with the literature the results are presented unadjusted for multiple

comparisons.

Finally, there are the known limitations of DXA analysis. The assumption of Carter et

al, in assuming that lumbar vertebrae are cubic, overestimates vBMD.36t Furthermore,

the HSA method of Beck et a/, uses assumptions of shape and proportion of mass in the

cortex to estimate cortical thickness, and the section modulus only evaluatss bending in

the plane of the DXA image. However there are no obvious reasons why these

limitations should affect comparisons between groups within the cohort studied.

10.7 Summary

In conclusion, exposure to antenatal betamethasone had no effect on the prevalence of

fractures, peak bone mass and femoral geometry 3l years later. A single course of

antenatal glucocorticoids for the prevention of neonatal RDS significantly reduces rates

of neonatal RDS and mortality.2 3 It is therefore recommended that the current practice

of administering antenatal glucocorticoids for the prevention of neonatal RDS should

continue.
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Pnemaf,udty did not alter tffe prevalenae of fractures at agc 30. Birtlr si?c, whcthcr due

'to prematurity or imp-aired fetatr grornth, predicted adult hoight. Impaired fetal growth

rather thari prenaturity cted pe.ak bone rnass, [trowever the lower bone ma^ss iF

those bom small tended to be appropriate for ttreir final adult height.
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11 Conclusions

1 1.1 Antenatal glucocorticoids for preterm birth

Prior to the systematic review of antenatal glucocorticoids conducted for this thesis

[Chapter 3] antenatal glucocorticoids were known to substantially reduce the risk of

neonatal death, RDS and IVH.z However there were a number of uncertainties

regarding the risks and benefits of giving antenatal glucocorticoids in specific clinical

situations, including: in the current era of neonatal practice' in women with premature

rupture of membranes, in women with hypertension syndromes and in multiple

pregnancies. There was also very little information about the long-term effects of

antenatal glucocorticoids on the exposed infants. Furthermore, the Auckland Steroid

Trial data, which provided approximately a third of the subjects included in previous

systematic reviews,2 had never been analysed in full or by current intention-to-treat

methodologies, and thus may have biased previous conclusions.

The systematic review of antenatal glucocorticoids presented in this thesis combined

the evidence of 2l studies involving 3,885 women and 4,269 infants and supported the

continued use of a single course of antenatal glucocorticoids to accelerate fetal lung

maturation in women at risk of preterm birth. The review concluded that treatment with
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antenatal glucocorticoids reduces the risk of neonatal death, RDS, fVH, necrotising

enterocolitis, infectious morbidity, need for respiratory support and NICU admission.

There is evidence of benefit across a wide range of gestational ages from 26 to 34.9

weeks and in the current era of neonatal practice. Furthermore, there is evidence of

benefit in the subgroups of women with premature rupture of membranes and those

with hypertension syndromes. A single course of antenatal glucocorticoids should be

considered routine treatment for management of preterm delivery.

Data are sparse regarding the risks and benefits of antenatal glucocorticoids in multiple

pregnancies. However individual pafiicipant analysis of data from previous studies may

be able to answer these questions without the need for further RCTs. Data are also

limited regarding the optimal dose and drug for use during the antenatal period, and

regarding the management of women who have not delivered seven days following a

single course of antenatal glucocorticoids. Future research should address these issues.

11.2 The long-term effects of antenatal glucocorticoids

The above systematic review of antenatal glucocorticoids revealed that there was a

paucity of evidence from RCTs of the long-term effects of this treatment. Prior to the

Steroid Follow-up Study there had only been one small follow-up study of 8l survivors

at age 20. Those authors found tower systolic blood pressure in those exposed to

antenatal glucocorticoids but no difference in psychological functioning.* However

animal studies and observational studies in man following repeat dose(s) of antenatal
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glucocorticoids have suggested possible long-term harmful effects on cardiovascular,

endocrine, respiratory and neurological systems. Furthermore' over the past two

decades a large amount of epidemiological evidence has shown increased rates of later

cardiovascular mortality and associated risk factors in those bom small,a with fetal

exposure to excess glucocorticoids being proposed aS one of the core mechanisms

explaining these epidemiological findings.s

The Steroid Follow-up Study presented in this thesis reports on the long{erm effects of

antenatal betamethasone exposure in 534 neonatal survivors of the first and largest RCT

of antenatal glucocorticoids, the Auckland Steroid Trial. Exposure to antenatal

betamethasone had no effect on socio-economic status, body size, blood pressure'

fasting plasma lipids, fasting plasma cortisol, plasma IgE, lung function, psychological

functioning, HRQoL, bone mass or mortality 30 years later. As a single course of

anrenaral glucocorticoids for the prevention of neonatal RDS significantly reduces rates

of neonatal mortality and morbidity, it is recommended that obstetricians continue to

use this treatment.

However betamethasone-exposed participants showed small increases in insulin

resistance. While this finding is of no clinical significance at 30 years' it may sigpify

greater diabetes and cardiovascular disease risk as this cohort ages- The findings of

changes in the glucose/insulin axis provide the first experimental evidence in humans to

support the glucocorticoid hypothesis for the developmental origins of adult disease.
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Further studies of participants from other RCTs of antenatal glucocorticoids are

required to confirm these findings, since a type one error cannot be excluded. Further

long-term follow-up of the neonatal survivors of the Auckland Steroid Trial is also

required to determine the clinical significance of the current findings as this cohort

ages. The long-term effect in humans of repeated courses of antenatal glucocorticoids

and of exposure in early gestation remains unknown.

1 1.3 The long-term effects of preterm birth

Preterm birth accounts for up to lT%o of all live births.6 e Survival rates following

preterm birth are high, and thus ex-preterm survivors are becoming an important and

increasing proportion of society. However there have been few follow-up studies

reported beyond adolescence, and most of these studies have focused only on

neurodevelopmental sequelae of VLBW cohorts, despite these comprising the minority

of preterm survivors.6 Additional interest in the long-term effects of preterm birth has

been generated by the recent epidemiological evidence demonstrating increased rates of

adult disease in those born small. However most studies have failed to adequately

distinguish between the contributions of length of gestation and fetal growth to size at

birth, yet preterm birth remains the major determinant of low birth weight.6

The various analyses of the Steroid Follow-up Study dataset reported in this thesis

demonstrate that adults who were born moderately preterm have increased blood

pressure, insulin resistance, reduced forced expiratory flow in mid to late expiration and
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reduced adult height at 30 years of age. However they have similar mortality,

morbidity, socio-economic status, psychological functioning and HRQoL to those who

were born at term.

The interaction between preterm birth and poor fetal growth (explored as birth weight z

scores) is complex. The data reported in this thesis showed that preterm birth rather

than poor fetal growth is the major determinant of the later increased blood pressure

and insulin resistance. ln contrast, preterm birth and poor fetal growth are both

positively associated with measures of forced expiratory flow in mid to late expiration

and poor fetal growth rather than preterm birth predicts peak bone mass.

As 95Vo of the Steroid Follow-up cohort were born at a gestation of 30 weeks or

greater, these findings are relevant to the majority of preterm births. Although the

associations seen are relatively small and of little current clinical significance, their

potential effect on the prevalence of later chronic obstructive pulmonary disease and

cardiovascular disease is of concern. Further follow-up studies are required in large

cohorts of ex-preterm infants in mid and later life, if such cohorts exist. Furthermore,

the long-term effects of extremely preterm birth warrant continued focus as the more

recent cohorts enter adulthood.

Finally, it is ironic to note that while the use of antenatal glucocorticoids came about as

a result of a chance finding during experiments on the initiation of labour in the hope of
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a cure for preterm birth, the prevention of preterm birth remains an elusive goal 35

years later. This is perhaps the greatest challenge.
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Appendices

Appendix 1 Copy of an original Auckland Steroid Trial data
sheet
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Appendix 2 Protocol and procedures from the physiological
follow-up study

355



. !+-^ .J

p Study

Clinical Trials Research Unit

ffi&Mnes



TEE, 6TER,O!,D FOLLOW-uP $TtlDv

StudItPrsM

A etudy on lhe long{erm cilfects of lrrulero
exposure to glucocorticoids;

Follomup of partieipanb involved Inthe
il969 - 19i74 Aucffand Stercld Study'

Fovtrsd f th ttardr eoe



TATIIE OF GOTENTS

Background

Primary endpoints

Study region and time period..........

Sample size

,
.,

,,

n
I

Gollection ol outcome information.

1

1

Ethical issues.........

Reporting back............

Time frame.

lnvestigators............,......
a
1

1
'l

t

CI

rn
It

l2
t1

.tB

t(

Appendix

A



Append-i*7 - B|oodpr€sEure.................'.rl......f...;'r.l...F''.i.ti.......ii - ---__ ----_-_-JA'

Bhrtd'Filssrqr@4ctaGnB ..'....-'.....',*

Appendil I - Ilata colleetion

Appendir9.Sludy.i|ateria|s,..-.........i..'...i.'.i......r..|F..B.,'.........

Appendir 10-

f;;t Dii'tttlcirh Eodl

Aopendir|1-Templatetet!ef3'..'...o...r....r...r.ar-......t.!..i......'..l.l 1{l

Appendix1!.D|agram3.....-.-.'..-.rrrriorrlr.rrrrrrlr.F..........!.......

Appcndir 13 -
.__-__-_-____L2

Appeadir. ttl - Study 2 Reoruftnrent'.....n.'.a.........



ffiDESIGN

Backgrcund

Between 1969 and 1974 a clinical trial was conducted in Auckland to determine
whether antepartum glucocorticoid treatment in women with premature labour
reduced the incidence of neonatal respiratory distress syndrome. 1,142 mothers

and 1,218 unborn babies were involved in the study. The trial confirmed benefits
for this treatment, which is now standard practice throughout the world. Since the
use of these sleroids is so common, there is considerable interest in whether there
are any long-term effects of this treatment in the children. Such information would
also shed 

- 
light on the broader issues of how prenatal influences affect

development and health oulcomes in later life

Aims

The objectives of this study are to determine the long-term health outcomes of
people exposed to betamethasone in-utero. Oulcomes such as lung function,
cardiovascular risk lactors (such as hypertension, non-insulin dependent diabetes
mellitus and high cholesterol) and endocrine function are to be investigated

Prinnryendpdnb

The primary endpoints in the Steroid Follow-Up Study are lung function,
cardiovascular risk factors and endocrine function.

Shrcly rcgion and time period

The study will be co-ordinated by the Clinical Trials Research Unit, University of

Auckland, New Zealand. Children born to women involved in the originaltrial will
be between 26 and 31 years of age in 2001, and are likely to reside throughout
New Zealand or overseas. Efforts will be made to locate the participant no matter
where they reside.

Patient recruitment for the study is expected to run for approximately one year.

Sarnple size

The study involves the follow-up of the 1,218 babies born to the'1,142 mothers

involved in the original study. Approximately one quarter of the babies are now

deceased (mainly in the neonatal period). A pilot study indicated that
approximately 400 could be found and would agree to take parl in the study.

Although this is a relatively small proportion of the original cohorl, the participants
were randomised to the lreatment of interest and hence there is no particular

reason to expect that loss to follow up will occur dilferentially between the groups.

Despite a ditlerence in neonatal survival rates belween the two groups, the
absolute numbers of surviving infants was very similar (493 vs 495). Given the
age of the cohort, deaths after the neonatal period are unlikely to lead to signilicant
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survival bias. Thus, survivor bias should not compromise interpretation of the

findings.

Given a sample size of 400 participants, wilh 807" power and an alpha of 0'05 we

should have sufficient powei to deiect 4-6"/o dillerences between the groups lor all

of the primary endPoints

Efforts will be made to identify and cease follow-up of those children in the study

that are known to have died. This information will be obtained lrom the original

trial data lor children that died prior to birth or at birth. Children that died at four

years of age or at six years of age will be identified using data obtained from the

larlier fol6w-up studiei. Also, the information regarding death obtained in the pilot

study will be used.

The next stage ol locating the children will be to identify their names. At the time of

the original tiial, the only identifying information collected was the mothe/s name

and cu-rrent address, anO tne chilO's date of birth, place of birth, and sex' The

children's names were not collected at this time, but are likely to be available on

birth certificates. Consequently, birth certificates will be searched for the child's full

name. These certificates are not computerised, but are available on microfiche.

Once the child's full name is known the lollowing sources of information will be

used to locate them.

a

a

. Searching hospitalNHl Numbers

. Searching tft" National Mortality Database (since 1969) to identify all

deceased children.
Conducting an electoral roll search lor living children

Conducting a search of the telephone directories in New Zealand lor living

children
utilising other databases, as appropriate, in order to locate the child

It is highly likely that women will be harder to locate then men, given that as adults

many 
-*omen 

will have married and possibly changed their last names. Contact

will involve sending letters to possible addresses and/or telephoning possible

contact numbers in an effort to lbcate the person concerned. Each letter sent will

include an inlormation sheet describing the study in more detail and a self'

addressed, freepost form lor completion. Children will be considered lost to follow-

up after two letters and / or 10 phone calls.

ln the event that the search is not successful for the child, after using the above

sources, the mother of the child will be sought, using the last known address of the

mother or guardian as listed in the original trial files. Similar databases as listed

above, will be used to search for the mother if the original address is no longer

valid. As with the children, contact will involve sending letters to possible

addresses and/or telephoning possible conlact numbers in an effort to locate the

person concerned. Each letter sent will include an information sheei describing

the study in more detail and a self-addressed, freepost form for completion'

lf the child's mother is sought, they will be asked to complete a self-addressed,

freepost form and post it back to the study centre. The form will record the

f ollowing inlormation:

. Whether or not they know how to contact the person we are trying to find.

r lf thet do, the relevant contact details for this person.

. Information about whether they think the person we are trying to locate would

Recrui[nent of

be interested in being contacted by us.



ADVERSE

EVENTS

. Information on whether the person we are trying to locate is still alive'

Given that this study was conducted approximately 30 years ago, Some mothers

may not remember being involved in the study. Furthermore, some mothers may

not have told their childin that they were part of the study' Gonsequently, there

may be some negative reaction from the children and/or the mothers regarding

being involved in [he original study. All negative reactions lrom the participant or

parti;ipant's mother wilf Ue recoided in this study, w1h a summary of these

reactions sent to a monitoring committee for review on a bimonthly basis' Qonlpt
with individuals will be handi'ed with suitable care on a case by case basis. The

opponunity to speak with a member of the monitoring committee or the Health

advocates trust will be offered should the need arise.

Professor lan Reid
Faculty of Medicaland Health Sciences
University of Auckland
Private Bag 92019
AUCKLAND
Ph: 373-7599 x 6259
Email: i.reid@auckland.ac.nz

Associate Professor Lesley McCowan
Department of Obstetrics and Gynaecology
Faculty of Medicaland Health Sciences
University of Auckland
Private Bag 92019
AUCKLAND
Ph: 373-7599 x3240
Email: l.mccowan@auckland.ac.nz

Deidre Milne
24 Rewa Road
Mt. Eden
AUCKLAND
Ph: 623-2025
Email: dsmdqm@ihuq.co.nz

tol{lToRll{G
cof,ttlrsE

cot|TACT
DETAILE

HEALTH

IDYOCATES

TNUST

GOilTICT

DETAILS

Freephone:

Northland to Waikato 0800 555 050
Waikato to Wellington 0800 423 638
south fsland 0800 377 766 0r 377-7501 in christchurch

Collection of ouborne infonnation

Once one of the original trial participants is located and agrees to be involved in

the main study, a s,Iitable time to conduct the main interview will be arranged- A

letter will be sent to the participant to confirm lhe arrangements. All participants

will be given a contact number'should they wish to change the arrangements, and

the paiicipants will be contacted on the day prior to the visit to confirm the

appointment. (See apPendix 10)

The pilot study indicated that participants preferred hospital or clinic-based

appointments, t-herefore arrangements will be made to transport the participant to

and from the venue, at a mutuility convenient time. lf the participant would prefer a

home visit, this will also be calered for.



INFORHED

CONSENT

Data collection from each participanl will involve four steps:

o Obtaining wriften consent from the participant (or next ol kin as appropriate)

. Complettn of a study questionnaire by the participant (setf-administered)

. Obtaining measurements ol height, weight, body lat, lung function, and blood

pressure from the ParticiPant'
. Obtaining blood samples lrom the participant

For cases that are cognitively impaired, legal guardians or ne)d.of kin will be asked

for consent and for 
-interview data. Results from the blood tests and clinical

examination will be lorwarded to each patient's GP, if consent is obtained from the

patient to do so. Additional medical examinations and referrals that arise as a
consequence of any results obtained from the study examinations will be ananged

by the patient's GP.

Full ethical approval for this study has been obtained from the Auckland Ethics

Committee and all national ethics committees. At the beginning of the study

interview the participant will be informed of the interview process and issues of

time and confidentiality. Written consent will be obtained from all study

participants, legal guardians or next of kin. ll the subiect agrees to participate in

ihe study, in"i *itt sign the form in the places indicated' All participants will

receive L 
"opl 

of the- information sheet. lt will be stressed to subjects that

participation in the study is entirely voluntary, and that they may withdraw from the

stuOy at any time. All participants will be given the opportunity at the beginning of

tne visif to ask questions and to have themanswered. However, questions may be

asked at any time during the visit. Participants will also be asked lor permission to

take blood iamples anJ to send a copy ol the clinical results obtained during the

visit to their usual GP. (See appendix 1)

The questionnaire will request information about the person's_health and lifestyte

and willtake approximately 30 minutes to complete. The questionnaire willbe sent

to the participant's contact address prior to the study visit with the participant

information sheet and consent form. The basic contents of the questionnaire will

include:

. Demographic information:
Age, gender, ethnicity, socioeconomic status.

Lifestyle factors:
Smoking status, alcohol consumption

Medicalhistory:
History of car-diovascular disease (myocardial infarction or stroke), diabetes'

nigh cholesterol, high blood pressure, rheumatoid arthritis, pulmonary

disease, cancer, pregnancy. (See appendix 7)

STUDY

QUEsTIONS

CLINICAL

DITI

A clinical assessment will be undertaken at the study visit. This will involve the

measurement ol the participant's height, weight, blood pressure, and lung function'

The clinical assessment *ill taXe approximaiely 5 - 1O minutes. Height (U2inq.tfe

Harpenden pocket stadiometels and'weight (Llsing the Salter digitalscares) will be

measured so that the person's'UoOy mas! index can calculated. Height and weight

will be measured without shoes. li the participant is unable to stand, height and

weight will be estimated. waist, hip and head circumference willalso be measured'

Lurig function will be assessed using portable spirom_etry (Uging the Microlab
gSOb). Skinfotd thickness witt be assessed (lJsing the Stim.guide anthropometlic

caliper) to estimate percentage body fat. Sitting, rested blood pressure-wjll be

recorOeO using an automatedDinamap machine (lJsing the Omron 705CP) with

source data printout. Diastolic and systolic blood pressure will be recorded in

duplicate. (See aPPendix 2, 4 & 6)



BLOOD

SATPLES

A lasting sample of blood will be taken from each participant for measurement of

Total cilolesterol, LDL and HDL cholesterol, triglyceride and totaUHDL ratio.

Glucose tolerance will also be measured using a 75g oral glucose challenge test'

blood samples will be taken at 0, 30 and 120mins tollowing the challenge'

Measuring plasma Gortisol levels from a fasting blood sample will assess HPA axis

function. An lgE sample will also be obtained'

The rationale lor choosing these indices as possible risk factors is based on their

well-established association with coronary heart disease and stroke' The blood

samples will be delivered to the local Diagnostic Medlab.laboratory (DML) within

the iime frame specified by the laboratory. They will be processed and then

forwarded to the Central OML and the Insulin sample to LabPlus in Auckland to

minimise assay variability. Blood samples will be stored at -70oC prior to analysis.

It is estimated that a toial volume of 40mls will be taken from each participant.

(See appendix 3)

CulUnllssues

Ethnicity was not collected in the original trial data, therefore it is not possible to

determine what proportion oi babies are Maori or Pacific lsland decent. However, a

follow-up study conducted at four years indicated lhal78"/" of the 258 children that

were assessed were European, 16"/o were Maori, 60lo wor€ of Pacific lsland decent

and 1% were other. These proportions are likely to rellect the ethnic distribution of

all study participants. Contact with individuals from all cultures will be handled with

suitable care. bompetent inierpreters will be made available should any potential

or actual participants require the consent form and patient

information sheet to be read out and/or the interview and clinical assessment to be

conducted in their own language.

Ehballssues

Maintenance ol confidentiality and compliance with the Privacy Act -will be

emphasised to all study participants. Written consent will be obtained from all

study participants, legal guardians or next of kin. Participation in the study will be

entirely voluntary. ntfOaia will be treated with the strictest confidence. All patient

information will be kept in a locked room, with identilying information kept separate

from the coded quesiionnaires. Data storage and disposal will be as outlined in

the Efhics application. All correspondence with participants will be labelled

'Personal and confidential'.

At the end of the visit the participant will be offered the chance to comment on the

visit. Any further information required by the participant will be provided if

requested, including copies of the information collected. A letter of thanks will be

sent to each participant as soon afler the visit as possible. Once the study is

finished all participants will receive a reporl outlining the study findings and fulure
plans.

It appears that trial participants were never unblinded by the original trial .co-
ordinators. consequently, some children may wish to know which treatment they

were allocated. ln orderio avoid bias, information on treatment allocation can not

be disclosed until after the data for the study has been collected' However, if a

farticipant wishes to know their trealment allocalion and do not wish to be involved

in the'study, then this information will be disclosed at the end of the study by mail'

The unblinding request will be recorded in the study notes to ensure that

UNBLINDING



unblinding occurs at the end
offered to study particiPants.

of the study. Unblinding will not automatically be

Timefrarne

December20Ol
January 2002
February 2002
April2003
May 2003

Obtain multi+entre ethical committee approval
Employ and train research nurses
Undertake search for participants & data collection
Data analYsis
Dissemination of results

The principal investigators for this study are:

. professor Jane Harding, Department of Paediatrics, University of Auckland,

Private Bag 92019, Auckland, New Zealand

. Professor Colin Mantell, Division of Maoriand pacific Health, Midddlemore
Hospital, University of Auckland, Auckland, New Zealand'

. Professor Harry Rea, South Auckland Clinicalschool, Middlemore Hospital,

University of Auckland, Auckland, New Zealand.

. Dr Anthony Rodgers, ClinicalTrials Research Unit, Department of Medicine,

University of Auckland, Auckland, New Zealand.

. Dr Natalie Walker, Clinical Trials Besearch Unit, Department of Medicine,

University of Auckland, Auckland, New Zealand.

. Dr Stuafi Dalziel, ClinicalTrials Research Unit, Department of Medicine,

University ol Auckland, Auckland, New Zealand.
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Obt.lnlng

wrllten

conaent

Study
drsc.lpllon

Prrllclp.llon

Dat. collectlon

Appendix 1 - Infoqed co!9gnt

written consent MUST be obtained from all participants. The signed consent will

be filed in the participants study file. For written consent to be valid the participant

must be suitaLly informed of ine study so that they can make an independent

choice about whether to participate. The participant should receive a copy of the

consent form at the study visit. lssues to be covered in the information sheet

should be reviewed carefully with each participant. Do not assume that every

p"rton has read the information sheet or that they can read. The consent form

should be signed and dated by the participant. For participants who are cognitively

impaired, afpropriate next oi kin or legal guardians will be asked to provide

consent for the person to participate in the study-

The potential participant should have details (See information sheet) regarding:

o The purpose of the study.

a

a

o

a

a

An explanation of who the researchers are.

An explanation of why the participant qualifies for the study'

The type of participants studied and the number likely to be involved.

The length of the studY.

The length of time and the procedure of the assessment, interventions'
including any special tests.

The potential risks/benefits to the person.

The potential participant should be informed (See inlormation sheet) that:

o The supply of information by the participant is entirely voluntary'

The participant may refuse to answer any of the questions or refuse any ol the

clinical examination. They do not have to give a reason for doing so.

All participants have the right to access their data and/or to remove it from the

study.

All participants have the right to have questions answered'

A person outside of the study is available to be contacted should they have

any concerns i.e. a member of the Monitoring Committee'

The participant should be aware (See inlormation sheet) that:

personal information will be collected about them but that this information will

be kept strictly confidential.

That the information will be kepl in a locked cabinet at the study site and/or in

a locked room at the clinicalTrials Research Unit, schoolof Medicine,

University of Auckland.

Allcomputerised information will be password protected on a computer.

No one, olher than the study investigators, will have access to this data-

All information will be published or presented in a way that no individualcan be

identified.

. ll requested, the participant's GP will be informed that they have entered the

study and of the study results when complete'

a

a

a

o

a



Blood !ttnPlcr

Blood colloctlon
procrdrrrc

Samples lor proctssing Plasma Total allquol tubes

3x EDTA (lnsulin) 0.5m1 per aliquot tube 6x microtubes

Collect tubes in the lollowing order:

1. SST

2. EDTA

3. Fluoride

Remember:

o The EDTA is for Insulin and the tube (purple) should be chilled prior to

collection. The EDTA specimen should be kept on ice (icy water) untilit can be

separated. tt must be separated within 2 hours ol collection and the plasma

chilled. The chilled plasma is stable for 24hrs.

. This collection should be a lastino collection (for Lipids, Glucose and lnsulin).

. The fastingcollection should be taken at OS3Ohrs with a 1S-minute window

period either side of this time (for Cortisol)'

The glucose samples (fluoride -grey top) and insulin samples (EDTA -purple top)

are taken at:

- Omins - immediately prior to glucose tolerance test (fasting)

- 3Omins - afler glucose challenge

- 12Omins - after glucose challenge

NB: lf the participant is a diet, tablet or insulin controlled diabetic the fasting

glucose and insulin need not be taken. Only the fasting ryncoJ tube should be

iaken in this case. The participant will also not have the GTT (see appendix 3) or

3omin and l2Omin glucose and insulin samples taken.

1. Take out one alcohol wipe and one cottonwool ball'

2. Place multi-sample needle into holder. Ensure the labelseal 'snaps'when you

break it. Discard any needle that does not have a sealed label.

Blood samfles required Tests requird Coll*tion &lails
NB: FILLruAETOUNE

1 x SST tube Lipids
Corlisol
Sen rm lnE

Min. volume 4ml in ftlre

3x EDTA lube lnsulin Min. volume 2ml pertube (to
provide one 0.5m1 aliqud).
Collecled In chilled lubc'
Soparsled and chilled withln
two houB.

3x Fluoride tube Glucose Min. volume t ml P€r lub€



Documenlltlon

3. Apply the tourniquet and ask the participant to clench.their fist. The tourniquet

musi only remain tightened for the shortest time possible'

4- Locating the vein:

- You may need to warm, massage and palpate to find the best vein.

- The antecubifal fossa in front of the elbow has one or more big veins passing

through it. Usually visible but palpate to lind the biggest vein'

- Big veins are often deeper than smaller superficial veins'

- lf the participant tells you that they have bad veins or shows you where to go,

listen to them - they are usually right.

- To warm an arm, use a towelthat has been soaked in hot water. Check the

temperature of the towel before placing on the arm'

5. Once you have located the vein you wish to use, clean the site with the alcohol

wipe and allow to air dry. lf you need to re-palpate the vein, ensure that you

re-swab your linger with the alcohol wipe.

6. lnsert the needle. Press the vacutainer tube onto the needle and the

vacutainer will begin to fill.

7. Release the tourniquet once there is a good flow'

g. When the collection is complete, remove the last vacutainer from the needle

holder. check that you have released the tourniquet. Place a clean, dry

cottonwool swab ligirtly over the venepuncture site, remove the needle from

the arm and immediat6ly apply firm pressure to the puncture site. Ask the

participant to press tirmty orithe cotton swab. They must do this for a
minimum of 3 minutes.

9. Dispose of the needle into a needle disposalcontainer. Never racap a

needle.

10. Labelallvacutainers with the participant's initials, participant number, date of

birth and the date and time collected. Place lab labelwith number reading

downwards as close as possible to the top of the vacutainer tube. Use

barcodes lor allbut EDTA (using number labels only)'

11. Ensure the request form and specimen label match. Complete the request

form and the blood log as inlhe documentation section below.

12. Check that the bleeding has stopped and apply i plaster. Dispose of the

cottonwool in the appropriate biohazardous waste receptacle.

- Do not place small rolled pieces of cottonwool under the plaster. lf the site

has not stopped bleeding more pressure is required'

13. Place specimens into a biohazard bag and the request form in the outside
pocket. The EDTA specimen is to be transported in ice'

14. Wash your hands.

Complete the Laboratory request form (see example under DML request form)

as follows:

. Enter the date of birth of the participant.

o Enter the word 'Steroid' into family name.

o Enter the participant number.

o Enter DOB and Sex.

. Enter the date of the colleclion and time the first sample was collected

r Enter the time the insulin samples were separated (it applicable)

. Tick box when samples put into bag



r Attach a lab label (barcode) to the form (top left hand corner)

Complete the blood log (located on the end of the clinicalform) as follows:

o Enter the time the Gfi was consumed.

o Enter the time that the blood samples were taken. Record the time using the

24hr clock.

o Enter the date the blood samples were taken- Record the date using

DD/MMffYYY format.

. Write a comment in the log if required.

o Enter name and signature.

. Attach a blood labelto the form-

ffi ff n""Jli["J:::#gx',I]ffi f lfl Til,;3:ffi f ffi FlJi:ii?jff ,3J",t::9,["$il:;
p I o c. d u..3 two hours of collection, if notdirectlygoing to lab:

1. Centrilugeprocedure:

r At each time-point, the Insulin sample will be spun down at 3500rpm for ten minutes'

Make sure each tube is balanced in the centriluge.

2. Separaling Procedure:

. A back-up plasma will be coltected for each insulin sample; lherefore, at each time-

point theie'will be two aliquol tubes (0.5m1 ol plasma in each - min' of 0'25m1)' a total

of six tubes.

. The insulin whole blood (purpte top) is to be separated and the plasma stored chilled.

. Wearing gloves and using the pipette provided in the visil kit, separate the plasma from

the whole blood, carefullY.

. Separate each insulin sample into two chilled microtubes -approx' 0'5ml in each'

Sciew microtube lid on tightly and dispose of the vacutainer into sharpo tlitt'

. Place the used pipette in the biohazardous waste receptacle provided.

. All other samples can be placed in the DML plastic biohazard bag provided with the

request form comPleted.

3. Cooling procedure:

. Remove labtop cooler lrom lreezer'

r place separaled samples in labtop cooler for chilling (insulin serum is stable at 4

degrees lor 24hrs).

. Ensure microtubes are labelled correctly with pen and label'

r Place microtubes into inside rows of Labtop cooler until all six samples are collected

and ready lor transPortation.

. place labtop cooler with samples into the polystyrene container and sunound with ice

packets for transportation to laboratory'

to
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Diagram of rate of cooling in Labtop cooler.

4.

a

Sample transportation procedure:

It samples are taken in a DMMab room - place all samples in the bag provided with the

request form and deliver them to the technician.

lf samples taken outside of laboratory - transport insulin samples in the labtop cooler in
the poiystyrene container wrapped in the ice bags to the local DML or collection
laboratbry. The insulin samples must be transported chilled and arrive to the colleclion
facility within len hours ol separation.

When the sampfes reach ihe collection room or laboratory tor transport to lhe main

DML, it is important to inlorm the technician thal there are samples that need to be

processed jhis should be ananged by the study nurse prior to tuming up at the

collection/lab facility. Samples musl be delivered within normal working hours.

NB: Additional to attaching lhe tabel to the aliquot tube it is also necessary to write the

below details:

1. Participnt ID

2. Study number

3. Tinepoint (i.e. 3Omins)

This must be pdor to inserting the aliquot tube into the labtop cooler (if this method is being

utilised).

tll
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Appsndix 3 - Glucme toleralre test

-

adn In I stcr t ns t h. TheGTTshould notbe performed if:

G r r . The ParticiPant is very ill

. The participant is a known diabetic

. The participant has symptoms suggestive of diabetes mellitus

o The participant is or thinks she is pregnanl

. The participant forgets to fast'

Polycal is a liquid lorm of a glucose polymer (maltodextrin) a1-d comes in a 20oml

bottle. Before opening it is st6red on ihe-shelf not in a fridge. After opening, Polycal

is refrigerated and unused contents discarded after 24hrs'

Following a fastino period from 8pm the previous night, an oral dose of glucose

should be administered:

Dose = 75g (113m1) glucose load made up to 200m1with water

Step 1:

Ensure that the lasting glucose sample has been taken immediately prior to

administering the glucose challenge

Step 2:

Measure out 113mls (75g) of the solution into the container'

Step 3:

Make up to a volume of 2oomls in the container by adding waler'

Step 4:

Shake the container thoroughly to mix with cap on and pour into a disposable cup'

Step 5:

Ask the participant to consume the glucose drink

Step 6:

Start the timer at the same time the participant starts sipping the mixture' All of the

drink should be swallowed within five minutes. Set the timer to 3Omins

Step 7:

Enter the time of the challenge on the blood log'

Step 8:

At the end of 30 minutes, collect a blood specimen and label it '3Omins'' Set the

timer to 1.Shrs

Step 9:

At the end of 1.Shrs, collect the 2hr sample and label it '2'hour''

Step 10:

Place the Glucose vacutainers (n=3) and the other samples in the collection bag

provided.

It



lf applicable, please follow the procedure for processing .the insulin samples,

othdnrvise give the samples to laboratory staff for processing if in a laboratory

setting.

NB: The participant must not leave the collection room, eat or smoke for the next

two hours. They may, however drink as much water as they like'

Potential problems:

c lf the participant teels sick or vomits- this seldom happens with Polycat Byt il
the p;dicip;nt feels too sick you should abandon the test. Remember ihat half

a GTT is a better deal better than no Gfi.

o lf the participant forgets to fast - Unable to perform Gfi at cunent visit'

Anange for dhe participant to go to a local DML or re'visit the study nurc€ at a

conve-nient time to takb the taiting samples (This will require assessment on a

case by case basis).

la



Splrotr|.t.rY

m0a3uratnantS

Aooendix 4 - $rirornetery

To ensure an acceptable result, the FVC manoeuvre must be performed with

maximum effort immediately lollowing a maximum inspiralion; it should have a

rapid start and the spirogram should be a smooth continuous Curve.

Do a minimum of three tests; best two shoutd have variance of 5o/o or lesS

Press 2 for forced VC

Enter participant details ('Caucasian' for all participants)

Press'ente/

Putnosepegon,withtheparticipantstandingaskthemtotakea
Oeep breatnln, sealteeth and lips over mouthpiece, bloy out hard

and fast for as long as possible (minimum of 6 seconds)

As the participant breathes in press the'enter'key

Press either'l to'accept' or 2 to'reject' the measurement'

Repeat from step 4 up to a maximum of six blows'

Press 3 for'done'

Press 4 to'print results'

Press 1 for'best blow'

Attach printout to clinicalform with stapler.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 11:

. Ask the participant not to smoke for 60 minutes prior to the spirometery

. lf the participant has had exposure to TB, use the blue viral motthpicrce (sin$e

use).

' Ensure that the correct participant number and initials are on the printout

. A maximum ol six blows per participant to be attempted

. lf not happy with the resufts, attempt again later in visit'

. upon retum to the unit photocopy printout twice and hand allto PM-

Some potential participant-related problems:

. Submaximaleffort

. Leaks between the lips and mouthpiece

r lncomplete inspiration or expiration (prior to or during the forced manoeuvre)

. Hesitation at the start of the expiration

o Cough (particularly within the first second of expiration)

o Glottic closure

. Obstruction of the mouthpiece by the tongue

. Vocalisation during the forced manoeuvre

o Poor posture i.e. bending over to blow.

once again, @onslratio.n of the procedure willprevent many of these problems'

t5



H.lght

Appendix S -

to ISAK (lnternational Standards for
Anthropometric Assessment)

. Place the base-plate on the floor, selecting as firm a level as possible, and

preferably near a perpendicular, such as a door architrave, which helps the

eye to 
"niure 

tnaithe tape is vertical. Ask the participanl to remove her shoes

and stand on the base piate with her back to the tape. The participant should

be told to stand as tall and straight as possible with feet together and arms

held loosely at the side and shoulders relaxed. Ask the participant to breathe

in. They shbuld stand far enough forward on the base-plate such that the tape

is not distorted when pulled to iertical. Check that the tape is inserted correctly

into the base-plate. Raise the tape vertically and place the head plate on lhe

tof of the participant's head, using the spirit level to check that the plate is

horizontal. lf theie is a lot of height disparity the measurer should try to get

levelwith the scale. Read the neignt to the nearest 0.1cm and beware of digit

preference. Make one measurement of height'

W.ltht

NB: tf the pafticipant is unable to stand, estimate the height by asking the pafticipant'

Shouldot Uad6,
hrtlodG, atld
h6€ls louching
maa6ufemenl
boadt.

Arms al sidos

L€gE slrsighl and
kEos tooathet

Take time to place the weighing scales on a level surface. Ensure the scales

are at zero when they are iwitched on. To turn scales on, tap ihe top of the

scale with your foot untilthe'0'ftashes. weigh without shoes. Aim for

p"ttirip"rti o wear light indoor ctothing only, and to remove any heavy items of

clothing, heavy itemi lrom pockets, and heavy jewellery as possible. Make one

measurement of weight.

Weight and height measurements

The participant should remove shoes and heavy clothing'

Heels, buttocks and shoulders should be flat to the wall'

The participant should look straight ahead.

The participant should stand on the centre ol the scales withoul support'

Weight should be evenly distributed on both feet'

to



Welrt
clrcrrmlatanca

Record height to nearest 0.1cm.

Record weight to nearest 0.1k9.

The perimeter at the level of the noticeable waist narrowing located approximately

half way between the costal border and the iliac crest'

In participants where the waist is not apparent, an arbitrary waist measurement is

made al this level.

The perimeter at the level of the greatest posterior protuberance approximately at

the symphysis pubis level anteriorally.

The participant, during this measure, stands erect, feet together, without

volitionally contracting the gluteal muscles.

Waist and hip circumferences

Measure in standing position with participant breathing normally, ask the

participant a question as you are about to take the measurement.

Measure standing on the right side of the participant'

Use correct end of taPe.

Measure waist half way between lower border of ribs and iliac crest.

There should be no indentation of the skin due to the tape'

Hip circumference is maximum circumference at buttocks with tape horizontal,

normally measured at the greater trochanter.

Participant should stand sideways to examiner in order to check that tape is

horizontal.

Record to nearest 0.1 cm.

Write down three measurements and enter the median on the clinbal form'

Repeat measurements, if uncertain about the reading

Hlp

clrcurnfcranca
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clrcrmlafanca

The participant assumes a relaxed seated or standing position with the left side

facing the measurer, looking straight ahead so that the line of vision is

perpJnOicutar to the body 
""nO 

tnjftanklurt plane of ihe head is in a horizonlal

position. The tape is plaied just above the supra orbital ridges covering the most

irominent part 6t the lrontal'bulge, and over tire part of the occiput which gives the

maximum circumference. care must be taken to ensure that the tape is at the

same level on each side of the head and is pulled tightly to compress the hair'

Measurements are made to the nearest 0.1cm.

Just above the
supraortilal
ridSes.

Over parl
of occiput

Head in Frankfurt Plane

Acromiale: Point at Superior and external border of acromion when participant is

standing erect with relaxed arms-

A five-step procedure is involved:

i) A marking pencil as a straight edge is applied to the lateralaspect of the

acromion process at an angle of 45o to depress tissue and identify the superior

border;

ii) The most lateral point on the superior border is identified by the left thumb

iii) The pencil pressure is removed and the landmark is confirmed on the

uncompressed surface.

iv) The landmark is marked-

v) The landmark is re-identified as a check, using steps i) to iii)'

Badiale (r): The point at the upper and lateral border of the head of the radius'

Using the left thumb or index finger, the anthropometrisl palpates downward in the

lower portion of the lateraldimple of the elbow'

Slight pronation/supination of the forearm is reflected by a rotary movemenl of the

head of the radius.

Marking and checking the landmark are done as above'

lnelomlcel

landmtrh3

It



Mid-acromiale-radiate: Triceps and biceps skinfold sites'

A line is marked horizontal to the long axis of the humerus at the mid-acromiale-

radiale distance, as determined by an anthropometric tape'

The horizontal line is eXtended to the posterior surface of the arm, where a vertical

line at the most posterior surface is made to intersect with the horizontal line, to

mar'k the site where the triceps skinfold is raised.

Mark the top of the tape on the anterior surface of the arm (biceps site) and the

underneathof the tape on the posterior surface of the arm (triceps site)'

Subscapulare (ssc): The undermost tip of the inferior angle of the scapula'

Falpate the inferior angle of the scapula with the left thumb'

ll there is difficulty tocating the inferior angle, the participant can assist by

reaching behind the back with the right arm.

The site must not be marked, however, until the arm is retumed to the side in the

lunctional position.

The mark is made 2 cm distalto a 45" angle from the tip'

tO



lliocristalet the point on the most lateral aspect of the iliac. tubercle on the

ilioaxilla line with the participant's arms placed horizontally in a lateralposition'

locate the most lateral superior edge of the ilium using the right hand.

use the left hand to stabilise the body on the opposite ilium, the landmark is atthe

Jgeot the ilium whicn is intersectedby the imaginary vertical line from the mid-

axilla

Trlc.p. tlltrfold

lliospinale (ispi): The inferior aspect of the tip of the anterior superior iliac spine.

The designated landmark is the undersurlace ol the tip of the anlerior superior spine and not

the most frontallY curved asPect.

The participanl takes the body weight on hidher left foot, lifts the right heel and rotates the

femur oulward.

The anthropometrist grasps the hip with his/her left hand, and locates the landma* with the

thumb.

Since fhe sartodus muscle arises from the spinale, slight movement ol the thigh enablee

identilication of the muscle, which can then be followed to the landmark-

Once the landmark is identified, the participant stands erect, with feet logethar, while the

spinale is marked and checked.

Triceps: The caliper is applied 1 cm distalty from the.left thumb and index finger

raisini a verticaltitO at tfie marked mid-acromiale-radiale line on the posterior

surfaCe of the right arm. Measure to nearest 0'5mm'

m



Blcrpr rllntold

Subrc.prl.r

sklnfold

Upp.r .uPrrlllec

tllnlold

Biceps: The caliper is applied 1cm dislally lrom the left thumb and index finger

i"iiirig 
" 

verticattbtO at thi marked mid-acromiale-radiale line on the anterior

sudace ol the right arm.
Measure to nearest 0.5mm.

Subscapular: The fold is raised from the inferior angle of the scapula in ldirection
nrnning'oUtiquely downwards in a lateral direction at an angle of about 45o from the

horizontal along the natural fold (Langer line)'

The caliper is applied 1 cm distally from the left thumb and index linger' Measure

Formerf y H eath' C arter S up raili ac

The caliper is applied 1cm anterior to the left thumb and index finger.

The fold is raised at the intersection of the border of the ilium and a line from the

spinale to the anterior axillary border

To mark ilium, ask participant to put right hand on left shoulder. Proiecl l
horizontal line fromthe iliac cresi mark. The fold follows the naturalfold lines

running medially downwards at about a 45" angle from horizontal' Measure to

nearest 0.Smm

For att skinfold measurements, remember:

. To hold skinlolds for two seconds each

. To keep caliper perpendicular and horizontal

. That the'gripping hand'NEVER comes ofl during the measurement'

. To be aware of Personal sPace

to nearest 0.5mm.

A



1. seat the participant comfortably in a place where the lelt arm can be rested'

rfighly bint, palm facing upwaid at heart level. Ensure that the legs are not 
,

"iJ.i"O. 
The'participant'should remain seated like this for five minutes prior to

the measurement. Ask the participant to take 5-6 deep breaths.

Measure the participant's left arm to ascertain the appropriate-c.utf size to use'

medium or taige. Aim circumference, lf <=31cm use adult cuff, if >31cm use

large adult cuff

wrap cuff around the left arm (on bare-skin) ensuring that thegreen marker is

over the brachial 
"rt"ry 

ano tnat the cuff tube is on the same side as the palm

of the hand. tf necessary, the right arm may be used to obtain the

measurement - in this case, th-e cuff must be ptaced inside the right elbow

joint,

Press the SPHYG/CLOCK button to effect the BLOOD PFESSURE mode and

wait for the black arrow to point to the start button indicating that the unit is

ready.

Press the START butron and release immediately -the cuff will inflate.

Press the PBINT CURRENT READING button to obtain a printout-

one minute after the initial blood pressure measurement, press the sTABT

button once again to obtain the second reading'

llood prassul.

rt!aatutanenti

2.

3.

4.

5.

6.

7.

8. Press PRINT CURHENT READING button to obtain a printout.

9. Staple the printouts (2) to the form.

10. Enter blood pressure recordings on the clinicalquestionnaire.
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The study participants wilt be sent the questionnaire and asked to complete it pior

to the study visit.

Ensure that the identilication box on the top right-hand corner of the first page

has been entered correctly (should have been completed by study staff prior to

sending out questionnaire)

It is very important to check and ensure that the pafticipant has answered ALL

ti e que"stions correctly. The second half of the visit should allow enough time

to check the questionnaire thoroughly.

Ensure that the participant has given sulficient contact details - i.e. mobile

phone number, e-mail address.

EnSure that the 'Occupation' question is detailed enough i.e' 'Teache/ requires

further detail - primary, secondary or tertiary'

No questions should be leli unanswered.

tf the participant forgets to bring the guestionnaire to the interview, it will need to

be co,mpleted agaii at the visi{. Remember to take a spare form to the study visit'

Use only black ballPoint Pen-

complete the participant identification box on the top right-hand comer of the

first page.

Answer allquestions. Do NOT LEAVE BLANK SPACES. Tick circles, write

numbers in boxes.

lf the data are unavailable put an asterisk '''' lf the data are not applicable

put a dash '-'.

lf you make an error when completing a form for the first time: strike out the

erior with a single line (so that the coirected data is still legible) and prinl the

correction clearly alongside. Write your initials and the date next to the

correction. Do not use correction fluid.

check the tasklist at the end of the form and tick completed tasks.

Ask specifically about OCP and asthma inhalers and fill in appropriate area if

not recorded bY ParticiPants.

Complete the blood log.

Go|t|pl.tlng th.

cllnlctl totm
a

a

a

a
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a

a

a

a

a

a

a

a

a

a

a

o

a

a
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Study questionnaire with consent form (extra copies)

Clinical form/blood log

Consent form (participant copy) and prory consent form

Participant information sheet

Mother information sheet

Protocol & procedures document

Btack ballpoint pens

Highlighter

Whiteboard marker

Stapler and staples

Salter scales

Harpenden pocket stadiometer

Omron blood pressure monitor with mains/batteries'

Blood pressure cuffs (medium and large)

Portable microlab 3500 spirometer

Nose pegs, mouthpieces, spare printer paper.

Slim guide calliPer

Anthropometric taPe measure

Nutrical (200m1 bottle)

Nutrical measuring container

Bottle opener

Angle head centrifuge (if required)

Polystyrene bin (if required)

Labtop cooler(if required)

Petrol vouchers/magazines/snacks

Blood sample kit including:

r Vacutainers

o Microtubes

. Pipettes

. Labels

. Alcoholwipes

. Venepuncture needles

. Cotton woolscrubs

. SPot Plaster

. Toumiquet

. DML request form

. Biohazard receptacle

r Disposable gloves
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Appendix 10 -Tncing

Mary Wills, Study Manager, Registered Nurse'

stuart Dalziel, co-principal investigator, Regislered Medical Practitioner'

Sue Hawkins, Research Nurse, Registered Nurse, originalsearcher ol NHI

database and ttWH records in a pilot study in 2000, Research Nurse at

Auckland Public HosPital.
Maria Harrison, Research Nurse, Registered Nurse'

nti"t"tt have signed confidentiality agreements with the Clinical Trials

Research Unit, University of Auckland'

Background:
Fromihe original Liggins-Howie trial in 1969-1974 the only information that we

have is fhe d-ate of Oi-rtn, sex, and mothers sumame at the time of birth of the

possible participants. The {irst 3OO survivors were lollowed up at 4 and 6 years of

age, however tirere was no further contacl until the pilot study. ln the pilot siudy

150 mothers, 162 offspring, were randomly chosen and attempts were made to

trace and contact the children, now adults 30 years later'

The pilot study found that the best way lo contact these possible participants was

via the information held by Auckland Oistri"t Health Board. The card index and

Oaify Uirtn records f rom l gOg-t gZ+ at National Women's Hospital were searched

using the mothers surname, child's sex and date of birth to find the mothers full

n"t-e, date ol birth, address at time ol delivery and at times the child's name'

Once the child's name was found from the birth registrar the NHI database at

Auckland Public Hosiitat Patient lnformation Services was then searched' This

was able to give us the last known address of the child, whether the child had died'

and the date when this inlormation was lasl correct' lf the database failed to

frovide us with this information (in the case that the child had never been to a

fublic hospital in New Zealand, il tney were now living overseas, or if 5 Susan

Browns had the same date of birth) the database was then searched to provide the

same information lor the mother. At no time was any clinical information recorded

"p"rt 
tron.| if the database showed that the possible participant or mother was

deceased.

Monitoring Committee:
An independent monitoring committee was set up for the duration of the pilot

study, comprising of:
. Professor lan Reid, Department of Medicine, university of Auckland.

r Associare Professor Lesley Mcoowan, Department of obstetrics and

Gynaecology, Universily ol Auckland.
. Mrs Deidre Milne, Lawyer' Lay person.

This same monitorinl *ti'itt"" has been established lor the main follow up study

and under its terms Jt reterence if possible participants or mothers have any

negative comments or quires these are to be reported bimonlhly. lf such

comment is receiveJthi possible participants or molhers will have the opportunity

to speaf to a principai investigatot. nt tnis time and in a follow up letter they will be

given the coniact details of th; monitoring committee and the Health Advocates

irust should they wish to contact these independent bodies'

Access to NWH records:
ine tracing stafl will use the card index system and the daily birth record sheets

from 1969 to 1974 at NationalWoman's Hospital- They willcontact Patient

lnformation Seruiceiprior to arriving. A form of current lD (University ol Auckland

lD for Mary Wills and Maria Harrison, Auckland District Health Board lD for Stuart

Dalzieland Sue Hawkins) willbe worn in a visible way at alltimes' All information

will be treated as strictly confidential.
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taaclng Proc.duta

Access to the NHI database:
The tracing team will use the NHI database al Patient lnformation seryices at

Auckland Public Hospital. A working relationship is already well established

between sue Hawkins and Millie Kem (Besearch clark) and Diane williamson

[Superviso4. prior to starting tracing Sue will introduce the other members of the

ir".ing team to the staff at Fatient thformation Seruices- Whenever the department

i"loiig to be visited ine tracing team will contact them prior to arriving' A form of.

"uir"nif 
O (University of Auckland lD for Mary Wills and Maria Hanison, Auckland

District Health Board lD for stuart Dalzieland sue Hawkins) will be worn in a

visible way at all times. The information required for the trial.is located only onthe

front access screen of the NHI database - ihe Patient Detail Screen - only this

screen will be accessed. The only information lhat will be recorded will be the

name, alternative names, address, last known date at that address (i-e. date 
- -

entered), and whetheiin" p"tton of interest is deceased. All information will be

treated as strictly confidential.

working relationship with Auckland District Health Board staff:

Every aiempt will be made to minimise the disturloance to the Palient lntormation

seruicesof National women's Hospital and Auckland Public Hospital'

Name of child unknown'Search for name:

Originaltrial data - for mother's surname and whether child died during trial'

Originalfollow up trial data - for name of child'
NW;H card index lrom 1969-1 974 - lor mother's full name, DOB, address, next

of kin, and possiblY child's name.
NWH dai[birth records from 1969-1 974 - tor mother's name, DOB, address'

next of kin, and possibly child's name.
girth R"gdtrar searching under year of birth, mother's and/or fathe/s surname'

and mother's first nameind initiils - for child's name at registration of birth

and office of registration.

Name and DOB known - Search for address'

1. NH| database searching under sex, DOB, and wildsearch of possib|e name -

for last date of entry, name, alternative names, last known address, and

whether or not the possible participant is deceased'
Electoral roll- for address and profession.

white pages via internet - to confirm address and telephone number (2Q'3Oo/"

may have changed).
lnternet - for e-mail, address and other contact details'

Post office address data match search.
Other.

1.
2.
3.

4.

5.

1.
2.
3.

4.

7.

2.
3.

4.
5.
6.

Name of child unknown and search unsuccessful - search for Mother.

Originalfrial data - for mother's surname and whether child died during trial'

Oriiinal follow up trial data - for mothe/s address at the time.

NWH card index from 1969-1 974 -tor mother'S full name, DOB, address, and

next of kin.
NWH daily birth records from 1969-1 974 - lor mothe/s f ull name, DOB,

address, and next of kin.

NHI database searching under sex, DOB, and wildsearch ol pOSSible name -

for last date of entry, nJme, alternative names, last known address, and

whether or not the mother is deceased.
8. Electoral roll - for address and profession'
g. white pages via internet - to conlirm address and telephone number (zO-W"/"

may have changed).
1O. lnternet - for e-mail, address and other contact details'

11. Post office address data match search'
12. Other.



Address known:

1. Send out participanUmother contact letter'

Response to letter:

o Enter into studY if agreeable'
c|fnotagreeable,weneedtobecertainwehavethecorrect

Person before we stoP searching'

unresponsive to letter and/or only phone number known - Phone contact:

e Do we have the correct Person?
.Brie|discussionoltheimportanceofthestudyandasking

themifWecansendtheminformationinvitingthemto
ParticiPate.

e Address.
o Send ParticiPant letter.

Unresponsive to letter and/or only e-mail known:

1. E-mail participanVmother contact letter.

2- Repeai e-mail with friendly remainder to reply'

Unresponsive to phone, letters, or e-mail:
1. Try contacting Mother if not already doing so'

2. Try contacting siblings if not already doing so'

3. lf another contact pitson is known try contacting them il not already doing so'

4. Try previous known contact details.

8
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t..cl!!A Proc.drr.
cont..

Send cover letter
with information
sheet and reply form

Call participant to make

appointrnent -go through Pre-
visit checklist. Send

participant questionnaire and

appt card. Inform research

nurse and update visit diarY.

Update database

n
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Letter to participant invitinq them to participate

14 August 2006

<Participants name>
<Address>
<Address>
<Address>

Dear <Participants name>

We are researchers from the School of Medicine at the University of Auckland,

involved in a study of the health ol people who were unborn babies involved in a

clinical trial in the 1960s and 70s. Tire original trial involved giving pregnant

mothers with threatened premature labour an iniection of steroids to help their

unborn baby's tungs Oeuet;p taster. Half of the mothers received a steroid and half

ieceiveO a itaceu6 1a "aummy medicine that has no effect). our records indicate

that you may have been one of the babies involved in that trial.

The results from that trial showed that steroids greatly improved the development

of a baby's lungs. lt is now standard practice to give premature babies these

drugs before Uirtn. nowever, there is considerable interest in finding out whether

theie are any long-term health effects associated with these drugs- The best way

to answer this qu6stion is to see whether the health of children receiving the drug

is different from the health ol children not receiving the drug' This information can

be obtained Oy contacting the children (who are now adults) involved in the original

trial, which is why we have contacted you'

Our records are printed on the enclosed form. We would appreciate it if you would

check this information to confirm that you were one of the people involved in the

originaltrial. lf you are the person we are trying to locate, we..would like to make

an appointment to ait< a number ol questions about your health and provide a free

meOicaf check-up. The check-up would involve tests, such as measuring your

blood pressure, height, weight, lung function and some blood tests. A leaflet

containing more deiailed iniormation about the study is with this letter'

lf you are the person we are trying to locate, please.fillin.and return the attached

to-rm indicating your interest-in 6eing involved in the follow-up study' You may at

any time retusJ tb take parf . I you have any questions about the proposed .tYg.Y.

or. if," original trial please do not hesitate tocontact the study manager, Mary Wills

on (09) g7g ZSeg ext. 4718 or freephone 0800-783-764 or e-mail at

steioid@ctru.auckland.ac.nz. We iook forward to hearing back from you.

Thank you for your time'

Yours sincerelY

Professor Jane Harding
Clinical Trials Research Unit

Ref: lD no.

to



Lotlrr to
ptTilclP.ntz

Dear <Particiqants name>

Be: Steroid Follow-UP StudY

on behalf of the clinicalTrials Besearch unit at the university of Auckland, I would

like to thank you very much for taking part in the Steroid Follow-Up Study' Without

the participation of pi,opf. like you, th-is very worthwhite study could not have taken

place.

lf you have requested the results of the study, tfrey.will be sent to you tow.ards the

end of 2003. Curreniry,1ni" information is Ltitt b-eing processed and will not be

available until compteii,tn of the study. However, as soon as it is available we will

be in contact with You again'

In the meantime, if there is anything further you would likg !o discuss about the

study, please do not hesitate to contact me on 09 373 7599 ext. 4718 or 0800

STEROID (O8OO 783 764) or at steroid@ctru'au.c.kland'ac'nz' lt.would .be
appreciated if you could inloim us of any change of address you might have in the

future, as further contact may be required.

once again, many thanks on behalf of the steroid team for your valuable

contribution.

14 August 2006

<Participants name>
<4ddress>
<Address>
<Address>

Yours sincerelY

Research Nurse
Glinical Trials Research Unit

Ref: lD no.
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Dear <ParticiPants name>

On behall on the Steroid team at the Clinical Trials Research Unit' University of

Auckland, I would like to thank-you for taking the time to complete the steroid

Follow-Up StudY Questionnaire'

Although we are sorry you were not available to participate in the health check,

your nEtp with the queitionnaire is most valuable to the study'

In the meantime, if there is anything lurther you would like to discuss about the

"tuOy, 
please do not hesitate to conlact me on Og 373 7599 ext. 84718 or 080O

sfEiiolo (0800 7Bg 704) or at sterQid@ctru-.au.chland.ac.nz. .lt.would .be
appreciateoifyou"oliointoi'usotanyiFan-geotaooressyoumighthaveinthe
future, as further contact may be required.

Many thanks.

Kind regards,

14 August 2006

<Participant name>
<Address>
<Address>
<Address>

Research Nurse
Clinical Trials Research Unit

Ref: lD no.
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Letter to oarticioant - ore'visit

14 August 2006

<Participant name>
<Address>
<Address>
<Address>

Kind regards

/fr//,6

Mary Wills
Study manager
Clinical Trials Besearch Unit

Dear <ParticiPant name>

On behalf on the Steroid team at the Clinical Trials Research Unit, University.of

Auckland, I would like-to inanf you for participating in this study and taking the

time to complete the enclosed questionnaire'

Also enclosed is an appointment card with the details of your study visit' Please

remember to NOT "ii bt drink anything other than water the night before and to

bring your completed questionnaire to the visit'

lf there is anything further you would like to discuss about the stu{v.p]e999-d:f^t
hesitate to contact Mat \'{/ill", the study manager on 0800 STEROID (0800 783

764\ or at steroid @ ctru.auckland'ac.nz'

Thanks again, in advance for your valuable contribution to this research' See you

at <time> on the <date> al <venue>.

Rel: lD no.

3a



L.tt.? lo tothcr
14 August 2006

<Mother's name>
<Address>
<Address>
<Address>

Dear <Mother's name>

We are researchers from the School of Medicine at the University of Auckland,

inuorueo in a study of tne neann of people who were unborn babies involved in a

clinical trial in the 19G0s and 70s. the.original trial involved giving preg.nant 
.

mothers with threatened premature labouian iniection ol steroids to help their 
.

unborn baby's lrng" d!u;l* rasier. Half ol the mothers received a steroid and hall

ieceiveo a filaceui ta;Jrti"f medicine that has no effect)' our records indicate

that on <date> at .h;spitai nir", hosp1al you gave birth to <name of child>, and

that you and your baby were involved in this trial'

The resufts from that trial showed that steroids greatly improved the development

of a baby's lungs. lt is now standard practice to give premature babies these

Urug" b"fote Uir{h. However, there is considerable interest in finding out whether

theL 
"r" 

any long-term health effects associated with these drugs. The best way

io ,nr*", this qu-estion is to see whether the health of children receiving the drug

is different from the heafth ol children not receiving the drug. This information can

be obtained Oy contaciing the children involved in the original trial, which is why we

have conlacteO you. WJ"t" trying to locate <name of chitd> and were wondering

if you could help us with this taif. bnce we have located the originalchildren.(who

are now adults) we woutO like to see whether they would be interesied in being

involved in a more OetaiteO study. The study will involve a free medical check-up

and a number of questions about health and lifestyle'

The aim of this letter is to see if you can help us locate <name of child>' ll you

know where tney are could you it"""" fill in and return the attached form, with

their current contact 
"OOt".i 

ancyor telephond number. We will then contact them

and ask them il tney aie interested in being involved. However, if you feellhat

<name of chitd>would not like to hear from us about this study, please indicate

this on the lorm Provided.

ll you have any questions about the proposed study or the.original trialthat you

were involved in, please do not hesitate to contact ihe study manager, Mary Wills

on f reephone o80b-783-764 or (Og) 373-7599 ext. 4718 or email at

steroid@ctru.auckland.ac.nz. we have enclosed an information sheet about this

ieiearcf, for your information. We look lorward to hearing back from you'

Thank you for Your time.

Yours sincerelY

Professor Jane Harding
Glinical Trials Besearch Unit

Ref: lD no.

ta



Letter to Siblinq

L.tt.. to 3lbltns 14August2006

<Sibling name>
<Address>
<Address>
<Address>

Dear <Sib/ing name>

We are researchers from the School of Medicine at the University of Auckland'

involved in a study of tne health of people who were unbom babies involved in a

clinicaltrial in the igoos and 70s. The originaltrial involved giving pregnant women

at risk of preterm Oefivery an infection of iteroids to help their unbom baby's lungs

Jlr"iop faster. Half of n6 motnfrs received a steroid and half received a placebo (a

Ourniy medicine that has no effect). We are doing our currenl study to track

p"rti"ipinr, from 30 v""rr "go. 
we do nor-have complete records on allparties from

ine oti'ginal trial. OuriecorOJinOicate that X, who may have been.your mother, gave

birth to a malelfemaf" U"UV on DOB and that this baby was involved in this original

trial. We believe this baby, Y, may be your brother or sister'

The results lrom that original trial showed that steroids greatly ,improved.the
development of a baby's lrng". lt is now standard practice to give pleqlaf.yre

babies'these drugs uefore birth. However, there is considerable interest in finding

out whether there are iny longterm health effects associated with these drugs'

The best way lo answer'this iuestion is to see whether the health of children

receiving the drug is diflerent liom the health of children not receiving the drug'

This information can be obtained by contacting the children involved in the original

trial, which is why we have contact-ed you, as we have been unable to locate your

brother or sister, or your mother. Once we have located the originalchildren.(who

are now adults) we would like to see whether they would be interested in being

involved in a more cletailed study. The siudy will involve a free medical check-up

and a number of questions about health and lifestyle'

lf you know where your brother or sister is could you please fill in and retum the

attached form, with their current contact address and/or telephone number' we

will then contact them and ask them if they are interested in being involved. .lf 
pu

are nol the brother or sister of the person we are looking for please indicate this on

the attached form.

lf you have any questions about the proposed study or the original trial, please do

not hesitate to contact the study manager, Mary wills on freephone 080o-783'764

or email at sferoid@ctru.auckland.ac.nl. We have enclosed an information sheet

abour this research roi your information. We look forward to hearing back from

you.

Thank you for Your time-
Yours sincerely

Znt*J->?//

Professor Jane Harding
Clinical Trials Research Unit
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Letter to GP

14 August 2006

<GP Name>
<Address>
<Address>

Dear Dr <GP name>

steroid Follow-up study: clinical results for <participant's name> <DOB>

we enclose a summary ol blood pressure, lung function and blood test resuhs for

yourpatient <Participint name>, whom we saw recently as part of a research

;Udy1 your patient has requested that we send these results to you' Please noie

that we have not discussed'these results wilh <Participant name>, and we rely on

you for any decisions about clinical management that may be indicated as a result

of these tests.

Between 1969 and '1974 aclinicaltrialwas conducted in Auckland to find out

*n"tn"r giving steroids to pregnant women at risk of pre-term delivery improved

the well-6einj'of rheiiLabLs.-t ,'142 mothers and 1 ,218 babies were involved in

the study. Hitt of the mothers received a steroid (betamethasone) and half

rr."iu"o'" placebo. The results of the trial indicated that betamethasone

significantty reduced rort'"ritv and the incidence of respiratory distress syndrome

in pre-term babies.

we are now underraking a foltow-up study to investigate the.health of the babies

involved in the 1969-ig7a tri"l, now that t'hey are adults. This study will investigate

the fong-term effects ol in uteroexposure to betamethasone on outcomes such as

lung fuiction, cardiovascular risk factors and endocrine function' Your patient'

<pzrticipant name>,was one of the babies involved in this trial.

This study has received ethical approval from the Auckland ethics committee'on

behaff of all regional ethics committees' Your patient qave writlen consent to

p"rtirip"t" in th[ fofiowlup study and to send these results to ),gu' Should.you

i"quir! any further details about t'he study, please 9o_l't !g:il"l"- lo contact Dr Stuart

Oaiziet, one of the 
-siudy 

investigators, on (09) 373 7599 ext' 84722 or

s.daf ziel @ ctru.auckland- ac.nz-

Yours sincerelYtu/z'
Professor Jane Harding
Clinical Trials Research Unit

Ref: lD no.

3C
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Vlrlt dlagranr

NB:
. Only the Insulin sample is

to be collected in chilled
vacutainers, sPun down,
aliquoted and chilled on

site within two hours of
collection (either bY lab

technician or studY nurse)

o Lipid group, IgE and

cortisol will be collected at

baseline in one 4ml

vacutainer.

Give samples/request form to

DML technician, ensure tuhs
and form labelled correctlY

Information sheet read and

understood

Refused to sign informed
consent?

Prepare & administer GTT (Do

not adtninisler if Pregnant,
diabetic or not fasting) Set timcr
to 30mins.

Spin Insulin samPle down in
centrifuge for at 3500 rPm for

lOmins
Measure height (to enter into

Microlab)

Pippett 0.5m1 Plasma into two
l.5ml microtubes (one tube is

back-up)

Take 30min glucose and

Insulin samPle. Set timer to
lShrs

Place the two tubes into the labtop cooler

and back into the freezer (ifposs) until all

insulin samples collected. Transport

samples in labtop cooter/polystyrene bin 
-

with ice packs- Ensure insulin chilled and

delivered to lah within l0hrs.

Allow participant to rest lbr
l5mins. Take two blood
pressure/HR measurements

Check questionnaire

thoroughlY for comPleteness.

Transport all other samPles ( | x

SST and 3x flouride) in bag

provided.Take two-hour Insulin and

Glucose sample.

Visit end. Thank the ParticiPant'
provide a petrol voucher and a snack.

Detiver the questionnaire to DM and

send a thank-you letter.



Consent:

Contact:

Questions:

Ensure that the participant signs and dates this form in your presence' ll they have

already signed it, ask them to countersign it'

Ensure that all contact details are completed. For the additional contact person'

check that the address is not the same as the participant's address'

ldentify all unanswered questions and ask the participant the question in case they

have missed it. lf they reluse to answer the question write "REFUSED" across the

question.

Ensure all tick boxes are answered "Yes" or "No"'

lf box number 2 is ticked, check that the question immediately below it is also

answered.

Ensure all tick boxes are answered uYes" or uNon. Ensure that enoUgh detail iS

provided for coding.

Ensure all tick boxes are answered "Yes" or "No"'

Somepeoplemayfindthisquestiondifficulttoworkoul,somayneedahand.

May be refused.

Refers to "VIGOROUS" activitY.

Refers to "MODERATE" activitY.

Ensure all tick boxes are answered "Yesn or "No"'

EnSure alltick boxes are answered "Yes" or "No'' lf 51'3 is ticked Yes"' ensure that

the question immedialely below is also answered'

Ensure that enough detail is provided for coding. Ensure that the medical condition is

a diagnosis and not a Procedure.

Check that table completed and that vitamins and food supplements are not listed'

Ensure that enough detail is provided for coding' lf any medications can be delivered

via different roules, #",ry the type ol route e.g. pill, spray or intravenously, as this

will help with coding.

Regardless of whether the person had a cold or not'

Refers to "AT REST".

Befers to 'FOLLOWING EXERCISE". lf the person avoids strenuous exercise

because they get breathless, the answer is "Non'

A cough with the first smoke or on lirst going outside is included' clearing the throat

or a single cough is excluded. An occasionil cough (< 6 times a day) is normal and

should be answered "No".

"Three months" refers to three consecutive months' "Each yeaf relers to the last two

years.

'Phlegm" is considered abnormal il if occurs more than twice a day' lf phlegm is

cougned up but swallowed, the answer is "Yes"'

lf the participant feels thaf there is something wrong with their breathing' the answer is
.,yes". Doni elaborate on the phrase lrouble w1h your breathing"'

Q4:

Q6:

Q9:

Ql6:

Q32-33:

034-35:

Q36:

Q39:

Qtl4:

Q51:

Q52:

o54:

Q55-56:

Q59:

o60:

o62:

Q65:

o6ffi8:

Q69:

.o



o71: For example, confined to a wheelchair.
coding.

Ensure that enough detail is provided for

lf the person doesn't hurry because they get breathless, the answer is "Noo'

lf the term "asthman is not understood the answer is'No"'

lf the participant does not know their age for these questions, ask them to estimate'

Ensure all tick boxes are answered 'Yes" or "No". lf the participant has asthma all of

the time, ensure that all boxes are ticked "Yes"'

Ensure all tick boxes are answered nYeso or nNo"'

Refers to breathing problems only, that is, not skin reactions to drugs.

Ensure that enough detail is provided for coding'

Ensure that enough detail is provided for coding'

Ensure all tick boxes are answered 
uYesn or uNo"'

Ensure that enough detail is provided for coding'

Ensure all tick boxes are answered "Yes" or "No"'

Ensure that enough detail is provided for coding'

Check that the table is completed and that the units under birth weight are correct'

Ensure all tick boxes are answered "Yeso or'No"'

Ensure all tick boxes are answered "Yes" or "No"'

Gheck that the lable is completed and that the units under birth weight are conecl'

Gheck that the tabte is completed and that that enough detail is provided tor coding'

Culdrllnor

contlnurd..

Q72:

Q75:

Q77-782

Q79:

Q85:

Q87:

Q88:

Q92-93:

Ql02:

Ql0F107:

Ql16:

Q125:

Ql35:

Ql38:

Ql40:

Ql42:

Ql45:

at



was initiated. Those participants who had pieviously been seen as pari ol the phy.siological main study

and had agreed to be approached about further research were invited via a mail out' The remaining

participants are to be approached at the interview for the main physiological study if eligible'

Eligibility criteria:

. Agreed to further research.

. Live in the Greater Auckland Area (see study 2 protocol for details).

At rhe end of the study interview if participants are agreeable to lurther research they are to be handed

the participant invite lefter, participant information slieet and reply fo-rq lor fludV. 
ZaP,articipants are to

be informed that interviews for stuOy z wiil occur throughout 2003' Stuart Dalziel will contact

participants approximately 2 weeks after-the main physiolJgical interview to ask whether they are

happy to ParticiPate.

The study nurses will be required to tick the box "agreed to further research" on the main participant

form for the access database and make the following-changes to the study 2 participant form:

l.Changetrackingstatus|ieldto52contacting(pu||downmenu).

2. Change tracking type field to letter (pulldown menu)'

3. Enter date and time.

4. Change entered by field to the name of the person entering the information (pull down menu)'

5. Enter "Given PIS at main intervievr/'in details'

4i2



Appendix 3 Participant information sheet from the
physiological follow-uP studY
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Appendix 4 Participant questionnaire from the physiological
follow-up study
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lDnumbenl r r r I

Date of birth:

I r I r 11 r9r t I

day tttottttt Vear

Initialsr [J
O rarticiPant

O Pro:y ftckone)

tudy

r Participant Questionnaire -

Please complete this questionnaire and bring
it to your scheduled aPPointment

Cur*ucnu Tnl^ats
RESEARCH
Unlf t-



How to comPlete this survey

Thank you for agreeing to participate in this study. This questionnaire

takes about 30 minutes"to compleie. Please make time to complete the

questionnaire when you are reiaxed and unlikely to be disturbed.

Please read the consent form before starting the questionnaire' Please

sign the consent form in front of the research nurse at your scheduled

appointment.

Please fill in the contact form before starting the questionnaire' Details

of your usualCP are collected should you wish any clinical information

from this study to be sent to them. We have asked for details of an

additional contact person in case we lose touch with you and need to

locate you again.

Please try to answer ALL questions' lf
question, leave it and ask for help from

appointment.

have difficultY with a

research nurse at Your
you
the

To answer most questions you will need to tick a box. some questions

ask you to give a written answer. For written questions please PRINT

your reply.

when you have completed the questionnaire please bring it to your

scheduied appointment and hand it to the research nurse.

Remember that all details on the questionnaire will be kept confidential,

and you will not be identified in any way'

Please use a black or blue pen to complete the questionnaire' Do not

use pencil.



Consent form

Title of Proiect:
The Steroid Follow-uP StudY

Principal Investigators:
Professor Jane Harding, Dr Natalie Walker, Dr Anthony

Dr Stuart Dalziel, School of Medicine, University of

373-7ggg (extn 4718) or freephone: 0800 783 7643

lDnumber:l f r r I

Date of birth:

I r I r l1 r9r I I

day mnth war

Initials: I f I

Rodgers, Professor Harry Rea, Professor Colin Mantell'

Au&land, Private Bag 92019, Auckland' Ph: (09)

Name of ParticiPant:

I wish to receive a copy of the results

I wish my GP to be informed of the results of my participation in this study

(full name) hereby consent to take part in this study'

This study has received approval from the Auckland Ethics Committee

on behalf of all regional ethics committees'

I have read and I understand the information sheet dated .lanua ry 2oo2, Version 1, for volunteers taking part

in the study designecl to look at the long term effects of steroids given to ba.bies prior to birth' I have had

the opportunity to discuss this study. I am satisfied with the answers I have been given'

I undersrand that taking part in this study is voluntary (my choice) and that I may withdraw from the study

at any time and this will in no way affect my continuing or future healthcare'

I understand that my participation in this study is confidential and that no material that could identify me

will be used in any reports on this study.

I have had time to consider whether to take part'

I know whom to contact if I have any questions about the study

YEs / NO

YES / NO

I wish to have an interPreter

E hiahia ana ahau ki tetahi kaiwhakamaori/

kaiwhaka pakeha korero

Oute mana'o ia iai se fa'amatala uPu

Oku ou fiema'u ha fakatonulea

Ka inangaro au i tetai tangata url reo

Fia manako au ke fakaaoga e taha tagata

fakahokohoko kupo

Project explained to me bY:



Contact form

2. Address:

3. Home phone number:

4. Fax number:

4. Email address:

Last name:

Work phone number:

Mobile phone number:

roday's 0u,",' 
*, 'r*,r' ' *, ' 

,

l. Title:f-l First name(s):

2. Address:

3. Phone number:

Last name:

2. Address:

corle

4. Relationship to you (eg. mother, father, brother, sister, aunt, uncle etc):

3.



Deffio,srilrhic details

I L= l.=r lt l'91 t lL

h{ Fjpflh :feat

O nlale o F'srrale

r[.1

4,,2

4.3
4'4
4,5
4.6
4:7
4r"e

4.9

Ycc Nooooo
O :f,f

oooooo
oo,
o@,

N ew: Zcal,end E uroPeart

ttAeod

$arlroan
&sk lslffrd,ft4asdr

Tong;atl

Nhrlean

Chinese

lmdian

I O fther (such as Dutch,
l-+" ffYes, pJease specrfY:

lapanse, Tskelauan)

o
o
o
o
o

ll4anied or living with Partner
Fl:fr'grrced

SepamH
Wfdotntrcd

N€ver manied (single)

O Prirfta $rhorrlI inter:r-nediatc sdhool

O High school I secsndarY school

L 1-|; Holt, many Y€ars didyot spend at hi$ sehool fform 3 snrn'arddl

O FoMeshnic or sirniila'r

O Uniuersfiy

-t-



o
o

Own
Rent

o
o

Yes

No-

9a. I O nworkerforPaY

l.+ What is your main job?
I

I ' I r r I How many hours per week do you work in this job?

Vs No

9b. I O Self'emPtoYed

l.---* What is Your main iob?
I

L--> | I r I How many hours per week do you work in thts job?

A home.maker

What was )no-ur nnain job befo're becorning a homemaker?

It r I l, l
offtev*only

Itrttl
offIe,ojeonry

I r r I How rnan'y rhours per week do you work in this iob?

What is your spouse or p-artner's main job n'g\'\'?

Yes No

?o
f-l-
F
t_

Y'ef No

?orr-I
gd.

I I i I How many l,rours per w .eek do they,work in fihis iob?

A student

What is (or wa-s) your fatherb main iob?

I r I I How many hours pet! weekdiddse-s he work in thisiob?

What is (o-r was) your nilother's nnaln iob?

I i r I Ho.w many hours per Week did/does shework in this iob?

lll r I I
offreeulr,anlY

I r.t t t I

office use onlY

Ittrtl
officeuseonly

llttt ll

offieuseopfy

-2-



No

o
Y6

Unemplo;ed
What was y.bur main job beJore becor'r'ring unemploy-ed?

I r r I Horrv rnany hours per week did you work in this iob?

lr I t,l I

offiee ueonlY

It r t tl
sfficeueonly

Yes No

ef. ? O other

F Please speciry.
I| >lrllHow many hours per week?

o

o

Living On your owrr oriin aflatting:situation (where your income is not shared with the

rest of the ho-usehold)

In a family situation of living with your partr,ler (wher,e, if yau'areworking,, yaur income is

shared wr,th the rest of tLre househol'd)

-tuclude 

ioeo^, f.ro^all source* spouse gf apprapriate), children or boarders; wq€'€s,

salary,commission, busirpss ar faimtng incoie fl*tt *tpunse-s)' 'lRcome suppon and

aceidentcor,npensation regular p y*ritt; lnterest, dividends, rent, inheritancg; Child

Yourself
o
o
o
o
o
o
o
o
o
o

Smolting-

Household
o
o
o
o
o
Q,
o
o
o
o

No income

$10iOO0 or less,per year (less than $192 per week)

$r0,001 -.$2Or000 per y,ear ($144 to $384 per week)

$20,001 - $30,00-0 per y€ar ($EAS to $576 per weekl

$30,001 - $40r00o per )€ar (55'7'7 to $768 per week)

$40,0CI1 - $50,000 per year ($769ts $961 per week)

$50,001 -$70,OOO per year $962 to $[,345 per wmk]

$701001 and sver per year ($l,S+g and over per w'eek)

Dont know
Decline to janswer

o
o

Yes (eontinue to Ql3)
No (go to Ql8)
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o
o

Yes (go to Qt6)
No (coritrlnue to Q15)

I r I Years-Please gP to Q17

yel No

1,6.1 0 0
16.2 0 0

Manufb*ur'ed
H.and-rnade (,roll your own)

[. t I lCig-aretteseaehdaY

o
o

Yes (continue to Ql9)
No fgo to Q2t)

J ,r I I Cigars eaeh week

l_l I Year$

o
o

Yes (:co-ntlnue to Q22)

No (go to Q24

I r r lTimesPerweek
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I I I Years

o
o
o

Yes

No

NotapPl[eabrle

Yes

No
D-ont know

Ves {c.ontinrus oo Q28J

No fgo tp QagJ

Donlt kno.w (Sa to Q29.)

o
o
o

o
o
o

ll l r lhloursperweek

Y.our patren s' srtto.king hnbf;tg

o
Q:

o
o

Stop snoleins befure Pr'egnancy

Cut down sr stop during pre.$lancll

Smoke as usual durirr,g pregrrarrrcy

lDonft lmo..l'v

Alcohol

o
o

Yes,ftontirtue to' Q.30)

No (8o ro @4J

.5.



OYes
ONo

(.eontinue to,Q.3l)

1g0 to Q34)

o
o
o
o
o
o

&7 days a week

4-5 days a week

2-3 days a wee-k

on@ a week

once every 2 weeks

qnce a month

Fpr the next twoquestrbnsptease r€fGr to fl,re fallowing gride:

Dridkequivalerts:

1 drink : 1 ,cann Small bottle qr handle sf beer or home hrew

2 drinks = 1 quarUT5Oml bottfeof beer

3drinks-1iugofbeer

16 drinles - 1 flagon/Perer of beer

1 drink - I gfass of wine-srsherry

6 drinks = 1 bottle of wine

1 drink = 1 double nip of sPirits

1 drink - ll prernixed spirit-besed drink (such ae, alcopops,. ready to go drinks)

I rr. lDrinks

I l, r lDrinks

-6-



Recreational drug use

34. During the past 12 months, how often did you use mariiuana (also known as grilss' poi 
'

- -: 
.-nu6it, hashish; hash oi,D? ftick one onlY) 

'

O Not at all

O Less than once a month

O Once a month

O Once every 2 weeks

O Once a week or more often

35. During the past 12 months, how often did you use other illegal drugs tthat!1.-thffi 
,iD"' 

ffi;;"#ff61;;;;;;; or bought from a chemist, such as cocaine' LsD,' ' - , ''

amphetamines oi speed, fr*roi,ir'ro.p"rrin", u.stasvlc)r ftick one only) 
'- 
''i ';" 

''"'

O Not at all

O Less than once a month

O Once a month

O Once every 2 weeks

O Once a week or more often

Exercise

36. ' In a normal week would you usually do any vigorousactivity or exercise, either atwork
"Yir.;;;;fr#;;J;;tfr"tilfi,|u breathe hird or sweatr ftitk"one ontv) . 

'

O Yes (continue to Q37)

O No (go to Q39)

fji. On how many days a week would you usually do this activity?

L-l DaY(s) out of 7

38. On the days you dothis activity, about how long would.you do it for?

lrl:[tl
hrs nrins

ri; rn a normar week wourd you usuaily do any moderateactivity or exercise, either at

work or away from work, such as trrisk wait ing, cycling or mowing the lawn? (tick

one only)

O Yes (continue to Q't0)
O No (go to Q12)
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U Day(s) oift of 7

L4Jril r I
hrs ,mlns

Q:
;Q

o

Yes {Go,ntinuc fio Q'it3t
No 6geto Q45}
ilDomft knrnna ($o,rc Qtt5

o,
o
CI

Y.es,(bont nug fie, Q14
Np (Bo ro Qf,fl
Dorrit lsnowi@ 1p o45)

44,1
,44,4

M:3
M.4

'lVcs: No

@o,Qo
QO
oCI

None
Pif ,! dother nrdicatiorl
Diencflange
Cn'a,"S*lf lif€style(eg-redurqedalboholeonsumption'rnilor'eexerciml

o
0
o

Yie$

No
iDonct kno.ryv

o:
o
0

YneS

Ns
Dorr,,rft,krrow

o
o,
o

Yes

No
D.on'tkrprry

-t.



o
o
o

Yes (eontirtue to Q49)
No (go ta Q52)
Don't,kn=w (So fo Q52)

I I lYmrs

'fype 1 (Chitd snset)

T,ype 2 (Adult snset)

Donrt kng,rrv,

sl.1 Q: o Pills

51.2 O O Diet
51.3 ? O Insulininjections

l-* 6 H Although you crrrrently use insulin, in the past have you ever taken pills

to control Your diabetes3

o
o
o

Yes No

o
o

Ycs (please eomplete' beJowl

No (So to Q5J)

Name of csndition Gortdition code
(Office ute.on Y)

I l t t. t t I

I r I r rll
Ir r r itl
llttttl
Itttttl

1

2

3

4

5

5

7

8

I r, t t t I I'

Irlt t t I

-9.



o
o

Yes (csntinue to Q54
No (Bo to Q55)

Name How often do
you take it3

(eg. daily,weklY,
wLlen r,reede4 retcJl

Dose/
units

Was it pr'eseriberl
(eircle anrwer)

Yes I No

Yes / No

Medicat'on code
(Qfficr'u*onIY)

Ltlttttl
irltttl I

1

2

3

4

5

6

Yes I No

Yes / No

Yes / No

Yes / Ns

ltrtlttl

lrtttltl
lltlltll

Respiratory 
.

Wheeze and tightness in the chest

Yres (continue to Q5.,O

No (So to Q58)

o
o

O Yes

ONo

O Yes

O N:o

- 10-



Shortnes of breath

O Yes

ONo

Cough and phlegq from the chest

o
o

Yes (continue to Q55)

I'to (gq to Q66)

- 11-



65. Doyou cough like this on most days for as much as three months each year? (tick;'one'only)

O Yes

ONo
. . . - --^-- -l-^J f;r-+ +h.hd rh lnA lllflfnlr|g lllfi tfll

66. ,Doyou usuallybring up any p!1"8t {rom^Voyr 
chest first thing in the morning (or'''oqt--,

getting up if ilu ir"-" nigfri sLitt iort er) in the winter ? (tick one only) ir' ';:r11. ':

O Yes

ONo

oz. Do you usuallybring up any phlesm from your chest during the day, or dt nidhtriif;* 
i

tfr; iVirt"*- tiic;. oie onty) 
' ' 

..,F 

- : ' %' t-: 4si"i,'t ' i'

O Yes (continue to Q68)

O No (go to Q69)

5g. Doyou bring up phlegm like thjSrbn most days for as much as three months eacll '1'; 
'-'

' 
yea* ..{tick one only) 1i',' ..,11i ' ''' 

..',, :";i'i;- ' '

O Yes

ONo
Breathing

Gg. Do,you ever have trouble withyOur breathing? (tick one only) . ',* ' " 
11"

O Yes (continue to Q70)

O No (go to Q71)

70. Do you have this trouble {tick:ane oniy)

O Continuously, so that your breathing is never quite right?

O Repeatedly, but it always gets completely better?

= ,tt*,' ..4

O Only rarelY?

77. Are you disabled from walkins Fy a conditio n otherthan heart or lung disease?(ttc*

one only)

O Yes (state condition and go to Q7 5) -
lrttttl

office use onlY

O No (contin ue to Q72)

72. Areyou troubled by shortness of breath when hurrying on level ground or walking up

a slight hill? (ttck one onlY)

O Yes (continrs 1s Q73)

O No (go to Q75)

-12-



I o
ro

Y,es fibqntinueito Q74,
No fgoro QfSl

Asthma

o
o

Y-es kontrhue to'Q7O
No,(go to Q83)

I t I Y,eara

,t. I I ,Years

Yot

7g,,'l o
vg-L o
79,.3 o
vsA o
,v;9.5' o
V9lb O

Nb

O lanuary/febr'uarY
O tvlarcfVApriLl
O Mav/lune
O Jul$Aqgust
rQ S,eptem er/,O-clober
O November/Decernber

o
o

Yes (rcondnue m Q81)

No (F,o to'Q-8,2j

.13-



O Yes

ONo

Other al lerg'y-relatedi cond ltloRs"'

O Yes-

ONo

I tr lNumber

O Yog (epaffnr,re'to Q86')

Q; Ns (eo to Q8D

Breething difficufty,
f€eltt4hint, nausQa

or fuver

YGs NOoo

oo

oo

Acdhcs6, ffchin8'
o: $flclfinsat lh€
elte of the:dftftgi

V,cf, ltlo

OO

oo

oo

Othq fplreaseqo.*flY)'

N'o

o
Y6

?1.

2. t"

?

t.

3.

-.14.

Kind of rcasiion ftiek all borsl

4. oo oo



o
o

Vcs feontr'me,rc Q{l&r
No {,eo to q89J

1.

2"

3,,

4.

,fiildeafionr code
,Pffie t&,,ortfi4

il r t t.J i t I

Irrti trtl
| .,t..1 t i i I I

Background sf msther

I r I I lf n r r ;l Dabofbirth
Av nwnth tiLcat

or

I r I nge(yeara)

Q
o

Yes (gu to Q94
Nor(eor.rtrnueto QgU

I I I Yeilrs

.t5.

ff-easeWec,i&: ll l.tl t I
uftesreonllit'



o
o
o
o
o

Yes, but she only had it during pregnancy

Yes, but it was u,nrel,ated to any pregnancies

Yes, b"ut l'm not sure if it was related to a ty Fregnanc'ies'or not

No
Don't know

o
o
o

Yes

No

Dsn't kn.ow

o
o
o

Yes

No

Dtrn't know

o
o
O

Yes

No

Dont know

o
o
o

Yeg,

No

Dont know

Q:

o
o
o
o

Yes, o-ut she- only had it during pregnancy (continue to QtOOJ

Yes, but it was unrelated to any pregnancies (continue w Ql0A)

Y,es, b,ut l{m notsure if it lyras r€fa@ to an}, p'regnanci'esor not (antinue to Qt00)

'No (go to Qt03)
Don't know (gota Qt03)

I r I Y'€ars

O Don't know

-1"6-



o
o
o

Ty,p,t rchiH on$etl,

Type 2 (Adult onset)

Dont know

1A2"tln

182.2
10E,.3

102.4

v.ri l{6oooo,QOao
F l,c,

Di€fi
lnsufin inidis$$
Don'tknsw

Eackground of father

['i I I I l r i; L Date,efbirth
,,&y rnor,idr rq;tt

of

ll= l,* | Age (y€arsl

o
CI

Yes (go taQ.tA$
No {eonti'nue [a Ql05J

I r li years

Pl.ease sp€€f,fu,;

Ffease qpecii[a lr lrt t I
affrae ure only

o
o
o

Y'es

No
Dorft know

" 1,7-



o
o
o

YFs

No

Don't knwv

o
o
o

Yes

No

Dont fkn-clw

o
o
o

Yes,

No

Dsn1t know

o
o
o

Y-es

No

Don'! kn:sw

o
o
o

Yes(csntfirrue [o Q,t l{)
Na fgo ta Ql ln
Dorr't know Goto QttT)

l l I Years

O Dsn't know

o
Q;

o

Type 1 (Child onset)

Type e tindult onset)

Don't,t<now

r l8'-



I 16.1
116"2
116.3
t r6.4

Ys FIOoooooo
OO

Piils
Diel
Insulin iniections
Dodt lnnow

Reprcduffvelhi*ory (warnen onry- mGR ,go ,to Qr4l)

I r I Years

O Dsrnut ktrow

o
o

Y,es,(go to QIZIJ
Nofssnttrureto Qt 1'9J

I t .l Y'eas

o
o
o
o
Q
o

Ee'eause of early rnenoFause fthe ehange of life|
Because of a surgieLl operation
Beeause of anotlrrer medisal trcaffhent (eg. Che.rnothefiapy)

Bremtfeeding

Pregnancy
Oihet (pl,ease speerfu);

Contraceptives

o
o

Y'cs, (,eoffin ite to Ql 22t

f.lo:fgo ro Q126,

I r I Years'

L1-J Year.s



o
o

Yes fe-onti,rqr ue to Q:l 25)

No(go,m Ql?:6)

Plea$e WaEW

Q,

o
Yee (,b,ontinuew Ql27)
Nofee toQlsa)

I t I Years

l1J 'Yearg

o
o

Y,c*i ('corltiaue to Q t 5 l}
No fto te Ql'32)

1.,,t lTinxrs
O Bon't knsw

Prcgnancy

o
o
CI

Yes

N,u

Do. n't know

-20 -



133. Have you been pregnant before? (tick one only)

O Yes (continue to Qt 31)

O No (go to Ql13)

134. How many times have you be$h pregnant (include all pregnancies of 20 week duration

;1,, of,morg)? ;1r,,, ,11., ri,' : ,, ,,., :

I r I Number of pregnancies

r1135. Please list the details of all balies,you have given birth to (include stillbirths/
miggarriages of 20 weelp dur{ion"or qore). @lease.list one child per row)

chitd Date of birth
(day/month/year)

Sex
(p/ease

circle
one)

How many
weeks

gestation?

Birthweighr

lb/kg
(please circle one)

Was the baby
born alive?

(please circle
one)

1 lrlrlrrrl M/F Itl I r l.Ll Yes / No

2 lrlrlrrrl M/t lll I r l.lj Yes / No

3 lrlrlrrrl M/F lrl I r l-Ll Yes / No

4 lrlrlrrrl M/F Irl I r l.LJ Yes / No

5 lrlrlrrrl Mtt lrl I r l.LJ Yes / No

6 lrlrlrrrl M/F lrl I r l.LJ Yes / No

136. How many miscarriages (at less than 2O weeks pregnant) have you had?

I r I Number of miscarriages

t17. During your pregnancy JiO . doctor ever telt you that your blood pressure was high?
(tick one only)

O Yes (continue to Ql38)
O No (go to Q\39)
O Don't know (go to Qt 39)

138. What treatment did you receive for your high blood pressure you developed when you
were pregnant? (answer all questions)

Yes No
'138.1 O O Admitted to hospital
138.2 O O Confined to bed rest at home
138.3 0 0 Pills
138.4 O O Can'lremember
138.5 O O Other (p/ease specify):

-2t -



o
o
o

Yes (continue to, Q'l 40)

No (go to Qll3I
Dont know (Eoto Ql13)

tr40,1
140.2
r40"3
144.A
140.5
14A.6

Ycs Nooooooooooooo

Filts
Diet change
Insulin injections
Bed rest
Can"t rernemtrer
Other (please spxffi:

Reproductive history (men only - women go to Q143)

I r I Numberr of babies

child DNtcof b,ir'th
(day/msdl/year)

Sex
(please

cirele
one.)

Holi, fruny
rilecks

gestation?

Bhthweigh!
0b I ks)

Wasthebabv
bomaliYel

(please circle
one)

I lr I r ir r r I MIF ,liI I r l.Ll Yes/ No

2 lr I r llr r I MIF lt l liI'U Yes/No

3 tY{/ F Itl 1 i.l'U Yes / No

4 lrlrlrirl MIF lrl LI.LJ Yes/ No

5 | .r I r I r r 'r I M/F lrl i r l.Ll Yes / No

6 li!ilrrrl MIF lrl lrl.U Yes/ No

.'22.



Birth weight

lil.UKe
O Don't know

Fractures

lr[.Ulu

o
o

Yes (condnueto Ql15)
No (go ts Ql15)

Bone site (eg. ankle)

1.

2.

3,.

4.

5.

6.

General comments

l,l
lrl
lrl
Irl
lrl
lr I

o
o
o
o

o
o
o
o

Left

o
o
o
o
o
o

Side

Right Can't
remenlbe.r

oo
oo

Fradurc code
(otrte t*only)

Irrrlrrl
Ir r r rt t I

I r r i.I t r I

Irtrtrrl
L-r--r-r--r--u-J

Irrrttrl

Thank you for taking:the tlme to conrplete this queotionnaire

Please hand the questlonmlre to the research nurse at your scheduled appointrnent

-23 -



Appendix 5 Glinical questionnaire from the physiological
follow-up study
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