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SUMMARY

Small for gestational age (SG A ) is a descriptive term used to  describe a baby who is bom 
sm aller than expected  fo r its gender and gestation. By international consensus the current 
defin ition  is a birth w eight > 2 standard deviation scores (SD S) below  the mean for that 
gender and gestation  using appropriate population reference standards. As this approxim ates 
to  the 2"** centile  we w ould expect the incidence o f  SGA to be roughly 2%  o f  all births. 
A lthough the defin ition  has m any lim itations, given that fetal grow th is a spectrum , it appears 
to  be the m ost appropriate to  detect those infants born pathologically rather than 
constitu tionally  sm all.

A s being born  SGA is associated  w ith adverse perinatal outcom es, postnatal growth failure, 
short stature and future adult health  problem s, this is an area which has attracted w idespread 
interest and research  across a variety  o f  d iscip lines ranging from  obstetrics, neonatology and 
paediatrics to  epidem iology  and public health. Various socioeconom ic and lifestyle factors 
such as sm oking and ethnicity  have been identified as risks for SGA; however, there are also 
a variety o f  m edical/obstetric  characteristics w hich contribute to  poor fetal growth. The 
m edical m anagem ent o f  children  born SGA has been a subject o f  intense debate, controversy, 
and clinical challenge. This is due in part to  inconsistent diagnostic and treatm ent criteria and 
poor understanding  o f  the  m echanism s that lead to inappropriate postnatal weight gain and 
insulin resistance in som e, and persistent short stature in others. Possible genetic factors such 
as grow th horm one receptor genotype, m utations in genes involved in the insulin-like growth 
factor (IG F) pathw ays, insulin receptors or as-yet-unidentified isolated gene defects are 
proposed to  play a role. H um an epidem iological data have dem onstrated that adaptive 
responses m ade by the fetus in response to a poor nutritional environm ent may be deleterious 
to adult health  if  the postnatal nutritional environm ent is one o f  nutritional excess. In the light 
o f  current grow ing prevalence o f  childhood obesity there is evidence to suggest that some o f 
the m etabolic consequences o f  intrauterine grow th retardation in children born SGA can be 
m itigated by ensuring early  appropriate catch-up growth, while avoiding excessive weight 
gain. C urrent infant nutritional practices are now the subject o f  increasing interest especially 
in preterm  infants although little is known on w hat is optim al grow th velocity in the context 
o f  antenatal grow th restriction.

G row th horm one (G H ) has recently  been licensed in children born SGA who have persistent 
short stature by age 4 years, and w ho are grow ing at a lower than average velocity. Initial 
concerns related to unknow n efficacy  and risks o f  deterioration in insulin sensitivity and to 
fears about potential adverse effects by stim ulation o f  the IGF system . R ecent data, however, 
suggest that long-term  treatm ent w ith GH does not increase the risk o f  type 2 diabetes 
m ellitus and the m etabolic syndrom e in young adults bom  SGA, and various studies have 
show n positive effects on linear and head grow th, body com position, blood pressure and lipid 
profiles.

Large studies on risk factors for fetal growth restriction and SGA using the definition agreed 
by international consensus, and studies o f  outcom es in children bom  SGA in Ireland are 
lacking. The aim s o f  th is study w ere to:- identify the population o f  children bom  SGA in a 
large D ublin m atem ity  hospital and evaluate possible contributory risk factors; evaluate 
grow th and clinical data on a cohort o f  Irish children born SGA at ages 4-6 years and identify 
those w ith short stature o r risk o f  obesity  and m etabolic syndrom e; identify the population o f 
children born SGA w ith persistent short stature in the com m unity; and collate new important 
data on the use o f  GH in children bom  SGA in relation to  efficacy and safety.





This study examined a large cohort o f over 14,000 births from a 2 year period (mid 1999- 
2001) and identified 284 infants without known congenital anomalies who were born SGA at 
over 28 weeks gestation. It analysed obstetric and perinatal data and compared them with 
non-SGA infants. This study then attempted to trace all 284 SGA infants identified from the 
cohort and to assess them in terms o f auxological and clinical status at age 4-6 years.

Markers o f lower socio-economic grouping (p <0.001), nulli-parity (p <0.03), maternal 
smoking (p <0.001), sm aller maternal size (p <0.001), and pregnancy induced hypertension 
(p <0.001), were clearly associated with the SGA births when compared to non-SGA births. 
Infants bom SGA were more likely to be delivered earlier in gestation (p <0.001), and by 
operative delivery (37% versus 17%) (p <0.001), with higher rates o f  fetal distress (29% 
versus 19%) (p <0.001). This study identified low rates o f breastfeeding overall (32%), with 
lower rates being recorded in the infants bom SGA (19%). Being bom SGA was associated 
with higher rates o f  admission to the Special Care Baby Unit (61% versus 17%) but not with 
higher rates o f  ventilation (9% versus 13%) (p =  0.24), respiratory (9% versus 16%) (p = 
0.04), neurological (4% versus 8%) (p = 0.06) or gastrointestinal problems (3% versus 8%) 
(p = 0.05). Despite difficulties in tracing the mothers o f  these infants, a sample o f 56 (20%) 
children attended for clinical and auxological assessment (mean age 5.3 years). The majority 
o f these children were found to have grown to within the normal range, with mean height (- 
0.7 SDS), weight (-0.9 SDS), body mass index (-0.6 SDS) and head circumference (-0.9 
SDS). No significant gender difference was found. However, there were significant 
differences observed in height and weight at 4-6 years between children bom preterm (< 37 
weeks gestation) and children born at term (> 37 weeks), with those bom preterm being 
shorter (height SDS -1.4 versus -0.6) and lighter (weight SDS -1.7 versus -0.7) at 4-6 years. 
In total, 5 children were identified with short stature, 3 of whom had severe short stature for 
which growth hormone was indicated. One patient was found to be overweight (BMI +2.7 
SDS) and thus at risk for metabolic syndrome. One child with low weight was found to have 
coeliac disease.

In this first Irish study o f GH use in short children born SGA, 20 extremely short prepubertal 
children (height < -2.5 SDS) were identified from various referral sources, who fulfilled the 
criteria for GH treatment. To date, 15 children have been on treatment, for varying durations 
ranging from three months to two and a half years. At the end o f one year o f treatment in 12 
children, all had responded to treatment (mean baseline height = -3.2 SDS, mean height at 
one year = -2.3 SDS), without evidence o f adverse effects on BMI, insulin sensitivity or 
inappropriate advancement o f bone age. Positive effects on body composition (p < 0.001) and 
bone mineral content (p = 0.003) were also observed. The results to date are encouraging and 
the study is ongoing which will allow ftiture pooling o f  data as part o f  a European multicentre 
clinical trial o f  GH use in short children born SGA.

International consensus recommends that children born SGA should have length, weight, and 
head circumference measured every 3 months in the first year, and every 6 months thereafter 
and that those who remain short by 2 years o f age should be investigated for causes of poor 
growth. However, despite the fact that 10-15% will not catch up in growth by age 2 years, 
current low referral rates o f children born SGA to Paediatric Endocrinology clinics would 
indicate that these recommendations are not being routinely implemented in Ireland. 
Although overall growth in children bom SGA was found to be within the normal range, the 
9% rate o f  failure o f  catch-up growth is consistent with similar studies o f follow-up growth in 
children bom SGA. In addition only one case o f  obesity was detected, however due to low 
response rates, concerns remain about the growth and health o f those children bom SGA who 
were not assessed. This also suggests a lack o f awareness among parents and health 
professionals o f  the medical problems associated with being born SGA.
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CHAPTER 1 INTRODUCTION

1.1 I n t r o d u c t io n

Size at birth has been a subject o f  intense interest in the literature, not least over the 

past 3 decades due to its association with both perinatal m orbidity and health in later 

life such as cardiovascular disease, insulin resistance and obesity (R ich-Edw ards et 

al., 1997, Barker, 2004a, Barker, 2005). In addition, w ith advancing techniques in 

fetal ultrasonography, fetal growth has dem anded attention with im pact in the fields o f 

obstetrics, neonatology and paediatrics, given the know ledge that suboptim al growth 

in utero increases risk o f  stillbirth (Gardosi et al., 2005) preterm  delivery (Lackm an et 

al., 2001, M arsal et al., 1996), perinatal m orbidity and m ortality  (Zhang et al., 2007) 

(Figueras et al., 2007). In addition, size at birth and rates o f  early postnatal growth 

patterns predict subsequent disease risk as well as final adult height and body 

com position (Ong and Dunger, 2004). A key underlying m echanism  im plicated in the 

associations between early size or growth rate is nutrition in early life, and its impact 

on the developm ental course. Influences which m ay be involved range from 

epigenetic influence on DNA expression, the developm ent o f  horm onal axes, and 

effects on body com position which are implicated in induction o f  adult diseases 

(W ells, 2007). Furtherm ore, accelerated postnatal w eight gain, especially after 

intrauterine growth restriction and lower birthweight for gestational age is associated 

with decreased insulin sensitivity even in childhood (Soto et al., 2003, Ong et al., 

2004a). H ow ever the risk is less clear for children born sm all for gestational age who 

do not show catch-up growth and who are treated with GH  for short stature (Saenger 

et al., 2007).
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1.2 D e f i n i t i o n  o f  SGA

“Small for G estational A ge” (SGA) is a descriptive term , used w hen fetal size; w eight 

and or length at birth, are less than expected (compared with appropriate population 

standards for both gender and gestation), regardless o f  the cause. It refers to  the size at 

birth, irrespective o f  the growth velocity in utero. A s SGA is associated with 

significant antenatal and postnatal pathology, accurate definition o f  sm all for 

gestational age is essential for both im mediate postnatal care and follow up in infancy 

and childhood.

The precise definition o f  SGA itself is nebulous due to lack o f  agreem ent am ongst 

m em bers o f  the O bstetric, Neonatal and Paediatric specialities. Im paired fetal growth 

is influenced by a w ide range o f  factors that act on the m aternal-uterine environm ent 

such as m aternal parity and sm oking during pregnancy and also by familial or 

heritable factors (such as maternal genetic factors in the m other or fetal placenta, 

paternal height and fetal genes and dem ographic factors). Thus SGA infants are not a 

hom ogeneous group but consist o f  several subgroups with distinct aetiologies. The 

variety o f  definitions used in clinical practice has made com parisons between studies 

o f  outcom e and follow  up difficult. This area o f  research is also com plicated by 

difficulties in accurate establishm ent o f  gestational age, consistent records o f  birth 

auxology, m easurem ent o f  body com position in large epidem iological studies, and by 

challenges in interpretation o f  life-course data when som e traits m ay be both 

confounding factors and sim ultaneously key outcom es (W ells, 2007).
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1.2.1 Historical background

Estim ates o f  intrauterine or fetal growth were first presented in 1963 by Lubchenco in 

the form o f  centile curves (10‘̂ 2 5 ‘̂ 5 0 ‘̂ 7 5 ‘'’ and 90*'’ for m ales and females together 

and separately) based on birth weights in 5635 live bom  C aucasian infants 24-42 

weeks o f  gestation (Lubchenco et al., 1963). Later standards on intrauterine growth in 

length and head circum ference were m ade available (Lubchenco et al., 1966). Several 

lim itations acknow ledged in the analysis included “undeterm inable bias” due to 

prem ature birth itse lf  A subsequent paper (Battaglia and Lubchenco, 1967), 

introduced the concepts o f  small for gestational age (SGA), appropriate for gestational 

age (AGA) and large for gestational age (LGA), w hich are now defined by 

international consensus as birth w eight and or birth length < 2 SD, within 2 SD or > 2 

SD o f  the mean for gestational age respectively. Since then there has been publication 

o f  a num ber o f  body w eight by gestational age curves for various populations, ethnic 

groups and geographic locations (Ehrenkranz, 2007).

Due to the trend o f  increasing birth weight in W estern societies, which possibly 

reflects changes in m aternal care prior to and during pregnancy, it is recom m ended 

that birth w eight for gestational age standards be updated every 5-10 years (Arbuckle 

et al., 1993). From an Irish perspective, this is backed up by studies o f  obstetric trends 

over the past 30 years in one Irish m aternity hospital show ing that the proportion o f  

infants weighing m ore than 4kg has increased from 12% to 17%. In contrast however, 

the proportion o f  infants w eighing more than 4.5kg has rem ained relatively static 

ranging between 1 and 3% (M ahony and O 'Herlihy, 2003).
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1.2.2 Low Birth Weight

The W orld Health Organization (W H O ) definition o f  low birth weight (LBW ) is birth 

weight at term  under 2,500g how ever this definition does not take into account either 

gender or precise gestational age (W orld Health O rganization, 1992). Hence 

prem ature infants with w eight and length that is appropriate for gestational age fall 

under the definition o f  LBW . H ow ever, a birthw eight less than < 2,500g in itself, 

regardless o f  gestation, has been found to be associated with increased incidence o f  

infant m ortality and m orbidity both w ithin and beyond the neonatal period 

(M cCorm ick, 1985). Therefore this broad classification allow s for international 

com parison o f  neonatal and public health and the W HO estim ates that, depending on 

the geographical region, between 8 and 26%  o f  all infants w orldw ide are born with 

LBW  (W orld Health O rganization, 2005).

L2.3 Different Definitions of Small for Gestational Age

M ore precise cu t-o ff definitions o f  SGA which have been used are;

•  birth w eight < 10“’ centile for gender and gestation

• birth w eight < centile for gender and gestation

•  birth w eight and or birth length > 2 SDS below the mean for gender and

gestation. In addition, as one may distinguish an infant as being small for 

w eight, for length, or for both w eight and length (C layton et al., 2007).

The latter definition approxim ates to  the 2"̂ * centile. It is estim ated that 50-70%  o f  

fetuses bom  w eighing less than the 10 ’̂’ centile for gestational age are constitutionally 

small (Ott, 1988, W ilcox, 1983), with fetal growth appropriate for parental size and 

ethnicity. These are usually associated w ith norm al placental function and have a

4



normal outcom e (Illanes and Soothill, 2004). However, the low er the cu t-o ff is for 

defining SGA, the higher the likelihood o f  fetal growth restriction being present. 

Hence SGA fetuses with BW  > 2 SDS below the m ean for gender and gestational age 

have a higher likelihood o f  being growth restricted (de Jong et al., 1998).

For the purpose o f  this study the definition o f  SGA used is a birth w eight > 2 SDS 

below the m ean for gender and gestation using the cross sectional height and weight 

reference curves for the UK 1990 as the reference population (Freem an et al., 1995). 

There are three reasons for choosing this definition: (i) This is the w idely accepted 

definition by international consensus in 2001 and again in 2007 (Lee et al., 2003, 

Clayton et al., 2007). (ii) It represents the most severe end o f  the spectrum  and thus 

would have a high rate o f  “true positive” and low rate o f  “ false negative” SGA babies 

below this cu t-o ff (i.e. the m inim um  number o f “ norm al sm all” or constitutionally 

small babies w ithin the cohort and maximum num ber o f  “ true SG A ” babies), (iii) 

Grow th Horm one (GH) is licensed for treatment o f  children bom  with a birth weight 

> 2 SDS below  the mean for gender and gestation who fail to catch up by age 4 years.

1.2.4 C alculation o f  G estational Age

G estational age is calculated on the basis o f  the date o f  the first day o f  the last 

m enstrual period (LM P) and ideally confirmed by ultrasonography if  available in the 

first trim ester (<  12 weeks). Using LM P to calculate gestational age assum es regular 

m enstrual cycles and a cycle length o f  28 days. A lthough th is is a sim ple non-invasive 

clinical m arker o f  gestation, clearly  there are inherent problem s with this method 

given that not all wom en have regular menstrual cycles, and indeed the duration o f  

norm al m enstrual cycles varies between 21 and 35 days in length (M ishell, 2001). In 

addition, problem s arise with w om en’s accurate recall o f  LM P and cycle length 

(Sm all e t al., 2007, Jukic et al., 2008). When com pared to  ultrasound dating, the
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distribution o f  m enstrual dating error is positively skew ed (i.e. expected date o f  

delivery is earlier with the m enstrual-based gestational age) (Taipale and H iilesm aa, 

2001, M orin et al., 2005). Therefore m any birth w eight points at term  appear at a later 

gestational age than the actual gestational age, leading to an artificial flattening o f  the 

growth curve and an apparent increase in ‘post-term ’ births (Gardosi, 2006) (Gardosi 

et al., 1997). S tudies hence indicate that ultrasound dating o f  pregnancy is more 

accurate than m enstrual dating. Fetal ultrasound m easurem ents are the basis for 

accurate determ ination o f  gestational age and detection o f  fetal growth abnorm alities. 

However, the validity  o f  indices used in ultrasound such as crow n-rum p length (CRL) 

and biparietal diam eter (BPD ), in determ ining gestational age is dependent on 

accurate recordings being made throughout gestation (Degani, 2001, Saenger et al., 

2007). Selection o f  the m ost useful single biom etric param eter depends on the timing 

and purpose o f  m easurem ent and is influenced by specific limitations. The best 

param eter for early  dating o f  pregnancy is CRL. In the second trim ester BPD 

m aintains the closest correlation with gestational age; however, due to variability in 

the shape o f  the skull, absolute reliance on BPD for estim ation o f  gestational age has 

become less com m on (Degani, 2001). Later on in pregnancy abdom inal 

circum ference is the m ost useful dim ension to evaluate fetal growth, and femur length 

is the best param eter in the evaluation o f  skeletal dysplasia (Degani, 2001). T here are 

conflicting reports in the literature as to  whether use o f  m ultiple predictors im proves 

the accuracy o f  estim ates (Degani, 2001) or not (Taipale and Hiilesmaa, 2001). In 

addition, anom alies in fetal growth can invalidate any predictions which are based on 

these m easurem ents, thereby leaving the date o f  LM P as a ch ief predictor o f  

gestational age (Degani, 2001).
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1.2.2 Problems with defining Small for Gestational Age

Tw o lim itations w hich influence birth weight means, standard deviations, and 

percentile values have been acknow ledged: (i) inaccurately determ ined gestational age 

(ii) the com putational procedures used to assign or estim ate a gestational age (Piatt, 

2002). There are also a num ber o f  problems with using standard deviation scores as 

cut-offs for birth w eight: birth weight does not follow a norm al distribution and 

“Term ” in a pregnancy is a five week period from 37 to 42 w eeks gestation and as 

birth w eight itse lf is limited biologically, theoretically there should be som e negative 

skew ness in distribution o f  birth w eight for gestation curves (Gardosi, 2006).

Hence defining SGA relies on a num ber o f  important variables (C layton et al., 2007):

(i) A ccurate dating o f  gestational age (ideally based on a first trim ester ultrasound 

scan)

(ii) Accurate m easurem ents and docum entation o f  birth weight, birth length and head 

circum ference.

(iii) The use o f  an appropriate reference population.

1.2.3 Birth Length and Ponderal Index

Ideally SGA should be defined and sub-classified by birth length also, as prognosis in 

SGA varies depending on w hat sub-classification the baby falls into -  SGAw 

(weight), SG A l (length), SGAwl (weight and length). This also allow s calculation o f 

ponderal index, defined as birthweight/length^. A low ponderal index is associated 

with thinness at birth, and has been of^en referred to by B arker in follow up studies 

into adulthood as a m arker o f  poor outcom e (Barker, 2004a). In addition, risk for short 

stature varies depending on w hether an infant was born short, light or short and light 

for gestation (Karlberg and Albertsson-W ikland, 1995). However, as accurate birth
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length m easurem ents (using a  calibrated infant stadiom eter) are not routinely 

available in Ireland and the UK, in reality SGA can only be defined by birth weight 

alone in these countries.

M etabolic Syndrom e and insulin resistance are associated not only w ith low birth 

weight but also with thinness at birth, as m easured by a low ponderal index 

(birthweight/Iength^) (Phillips et al., 1994a). Babies who are thin at birth lack m uscle 

as well as fat, and m uscle in adult life is the peripheral site o f  insulin action. Such 

small or disproportionate new borns have increased risk o f  cardiovascular disease, 

high blood pressure, high cholesterol levels and abnorm al glucose-insulin m etabolism . 

These relationships are not shown to be associated with length o f  gestation, 

suggesting they are linked to fetal growth restriction rather than to prem ature birth 

(Godfrey and Barker, 2000).

1.3 Fetal  G row th

1.3.1 Regulation o f  fetal growth

Fetal developm ent or growth should be considered as optim um  preparation o f  the 

fetus fo rex -u tero  life. This com plex process depends on interactions between the fetal 

genom e, availability o f  nutrients and oxygen to  the fetus, m aternal nutrition and 

various growth factors and horm ones o f  m aternal, fetal and placental origin. However, 

the growth o f  the fetus has to be constrained by the size (height or pelvic dim ensions) 

o f  the m other (m aternal constraint); otherw ise normal vaginal birth could not occur 

(Barker 2004). Early in fetal life, the fetal genom e is the m ajor determ inant o f  growth.



but nutritional, environm ental and horm onal factors (in particular the IGF system) 

increase in im portance as gestation continues (Gicquel and Le Bouc, 2006). The 

concept that G H -independent IGF production had a role in fetal growth em erged from 

studies o f  m ice with defective genes for IGFs or their receptors (Rosenfeld, 2003). 

IGF-2 is the prim ary growth factor supporting em bryonic growth, w ith the importance 

o f  IGF-1 increasing later in gestation. Serum IGF-2 concentrations are m uch higher 

than serum IGF-1 concentrations in late gestation; however, fetal and cord serum IGF- 

1 concentrations have been found to correlate m ore with birth w eight (G icquel and Le 

Bouc, 2006). In growth restricted fetuses, IGF-1 and IGFBP-3 concentrations are 

decreased in utero and at birth, but IGFBP-1 and IGFBP-2 concentrations are 

increased (G iudice et al., 1995) (Hills et al., 1996). Babies born follow ing lUGR have 

higher IGFBP-1 levels which are negatively correlated with birth w eight and decrease 

the availability o f  IGF for fetal growth (Gicquel and Le Bouc, 2006). Conversely, 

IGF-1 and lGFBP-3 concentrations are increased in LGA neonates (Fowden, 2003, 

Nayak and Giudice, 2003). Restriction o f  nutrients decreases IGF levels, the IGF-1 

gene showing greater sensitivity to changes in nutritional status in late gestation than 

the IGF-2 gene (Fowden, 2003, G luckm an and Pinal, 2003). Periconceptual 

undernutrition may have epigenetic effects and it is also a determ inant o f  IGF and 

IGFBP levels later in m id-gestation (Gluckman and Pinal, 2003). In contrast to what 

is observed after birth, GH has relatively little effect on the fetal IGF axis, as GH 

receptors are generally expressed at low levels in fetal tissues (G icquel and Le Bouc, 

2006). At birth there is a shift from IGF-2 predom inance to IGF-1 predom inance, the 

production o f  which then becom es GH-dependent. This then ensures appropriate 

postnatal growth in the new nutritional environm ent by resetting the m echanisms 

regulating growth.
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In addition, hum an placental lactogen (hPL) and placental GH m ay act together to 

regulate maternal m etabolism  and fetal developm ent (Freem ark, 2006). Pregnancies 

com plicated by lU G R  show reductions in maternal and fetal hPL concentrations and 

m aternal placental G H  levels at m id-gestation and at term , and birth w eight correlates 

with m aternal placental G H levels. In contrast, m aternal hPL and fetal IGF-1 

concentrations are elevated  in wom en with gestational diabetes (Caufriez et al., 1993). 

From anim al studies reduced IGF-1 in the presence o f  high cord blood GH levels 

suggest that hum an lU G R  m ay represent a state o f  GH resistance (W oodall et al., 

1996).

1.3.2 Fetal growth restriction versus small for gestational age

Intrauterine growth retardation (lU G R) is defined as decreased growth velocity in 

utero as docum ented by two or more intrauterine ultrasound growth m easurem ents. 

This in utero decreased growth velocity prevents a fetus, which m ay have initially had 

normal size for gestational age up to a certain point, from obtaining its com plete 

genetic growth potential and causes it to be born sm aller than it was originally 

destined to be. In contrast, as the definition o f  SGA relies on an absolute cu t-o ff for 

birth w eight (and/or birth length), this also includes babies with constitutional 

sm allness or “sm all norm al” babies who have not experienced lUGR, and who are not 

at increased risk o f  problem s when com pared with AGA babies.

Small for gestational age does not necessarily equate with intrauterine growth 

restriction. Even if  birthw eight rem ains within the norm al range, this may conceal a 

birthweight significantly below  the infant’s genetic potential as a result o f  sub-optim al 

m aternal or fetal nutrition. However, such “non-SGA” babies born follow ing lU GR 

are often at risk for the sam e neonatal and childhood growth problem s despite many
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being bom  w ithin the norm al birth weight range for gender and gestation. Therefore, 

lU G R  babies irrespective o f  birth size m ay require ongoing surveillance (Clayton et 

al., 2007, Freem an et al., 1995, Stephenson and Sym onds, 2002). H ence it has been 

suggested that the term  “ lU G R ” should be used to describe only those fetuses with 

inadequate grow th due to placental dysfunction and th a t o ther causes o f  SGA fetuses, 

such as chrom osom al abnorm alities and congenital infections, should be considered 

before this diagnosis is m ade (Alberry and Soothill, 2007).

1.3.3 T h e  B a rk e r  H y p o th esis  -  T he fetal o rig ins o f  d isease  

O ver the past two decades attention has been given to the link betw een intrauterine 

life and future health in adults (R ich-Edw ards et a!., 1997, B arker et al., 1989, 

G odfrey and Barker, 2000, M artyn et a!., 1996). A pivotal paper by Barker in 1989 

looking at birth w eights in a cohort o f  5,654 m en born during the period 1911-30, 

show ed that adults w ho developed coronary heart disease had grow n differently to 

o ther people during fetal life and childhood. This led to  a new “developm ental” model 

for the disease (B arker et al., 1989). Infants who are born sm all are now  known to be 

at an increased risk o f  health problem s during adult life such as coronary heart 

disease, non-fatal cardiovascular diseases and narrow ing o f  the carotid arteries 

(B arker et al., 1989, R ich-Edw ards et al., 1997, M artyn e t al., 1996). In addition, 

lower birthw eight has been associated to varying degrees w ith related disorders such 

as hypertension, dyslipidaem ia, insulin resistance and obesity  (M etabolic Syndrome) 

(N ew som e et al., 2003, Lauren et al., 2003, Huxley et al., 2004, H uxley  et al., 2000). 

This is thought to be due to “program m ing” o f  these diseases by an inadequate supply 

o f  nutrients or oxygen in utero or im mediately after birth. T his phenom enon whereby 

under-nutrition in early  life leads to perm anent alteration o f  body structure and
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function, is well documented in animals (Barker, 1994). The thrifty phenotype 

hypothesis postulates that poor nutrition in utero or early postnatal life results in 

decreased B cell function and insulin resistance in muscle (Figure 1.1). According to 

this hypothesis, the endocrine alterations induced by intrauterine malnutrition are 

intended to divert the limited nutrient supply to maintain survival and development of 

vital organs, such as the brain, at the expense of glucose transport into the muscles for 

muscle growth (Barker, 2004a).

Figure 1.1 Fetai Origins of the M etabolic Syndrome
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Hence if a fetus is undernourished the result is persisting defects including reduced 

cell numbers in tissues and organs, modified organ structure, selection o f particular 

clones of cells and altered settings of key hormonal axes (Barker, 1994) (Figure 1.1).
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As an alternative explanation to intrauterine programming, Neel (Neel, 1962) and 

Hattersley and Tooke (Hattersley and Tooke, 1999) propose that insulin resistance is 

genetically mediated. In contrast to the thrifty phenotype hypothesis discussed above, 

the thrifty genotype hypothesis postulates that a genetically programmed ineffective 

insulin action in utero results in poor fetal growth and subsequent impaired glucose 

tolerance in later childhood and adulthood. Indeed, a genetic explanation for the 

association between birthweight and Type 2 diabetes is plausible (Hattersley and 

Tooke, 1999). In pathophysiological terms, as insulin has a central role in regulation 

o f fetal growth, genetic factors which impair insulin secretion or decrease insulin 

action (both features o f type 2 diabetes), would be expected to reduce fetal growth 

(Phillips, 2004).

It should also be noted that much of the original data published by Barker and 

colleagues, associating low birth weight to metabolic and cardiovascular disease in 

later life, is based on weight at I year o f age and lacks data on birth weight (Saenger 

et al., 2007). In addition, ultrasonographic data are not available, therefore it is 

difficult to distinguish premature from SGA infants in these studies. Recent 

systematic analyses o f the numerous studies associating birth weight with adult 

disease would suggest that the strength o f such associations may have been 

overestimated due to selective emphasis on specific measures from particular studies, 

and may have been confounded by inappropriate adjustment for current weight and 

other variables (Saenger et al., 2007). For example, in a review by Newsome et al, the 

relationship o f  birth weight with insulin secretion was inconsistent in studies o f  adults 

(Newsome et al., 2003). Furthermore, in Lauren et a l’s review, there was no 

consistent relationship between size at birth and blood lipid levels; the one exception
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being triglyceride concentration, which showed statistically significant negative or U- 

shaped, but not positive, relationships with birthweight (Lauren et al., 2003). In 

addition, a review  by H uxley et al suggests that impaired fetal growth does not have 

effects on blood cholesterol levels that would have a m aterial im pact on vascular 

disease risk (Huxley et al., 2004).

1.3.4 Management of Fetal Growth Restriction

Prenatal and postnatal growth restriction poses a variety o f  challenges for 

obstetricians and neonatologists. In the absence o f  successful intrauterine therapy, the 

tim ing o f  delivery m ay be the single m ost im portant aspect o f  the antenatal 

m anagem ent o f  lU G R  (B aschat and Hecher, 2004). W hen infants with congenital 

m alform ations are excluded, late fetal deaths in extrem ely SGA fetuses can account 

for m ore than 50%  o f  all late fetal and infant deaths in Sweden from 1983-1992. The 

very strong relationship between late fetal death and SGA fetuses highlights the fact 

that an extrem ely SGA fetus m ust be closely monitored (C nattingius et al., 1998). 

Factors associated with differences in rates o f  late fetal death in extrem ely small for 

gestational age fetuses are maternal age > 35 years, maternal height > 175 cm, 

singleton pregnancy and non-hypertensive pregnancy.

Placental dysfunction occurs in approxim ately 3% o f  pregnancies and its obstetric 

m anagem ent rem ains a m ajor problem in developed countries (Kupferm inc et al., 

2000). Both placental metabolism  and transport are altered in lU G R as a result o f  

adaptive changes which take place in both placenta and fetus (Tabano et al., 2006). 

Fetal growth restriction also has significant long-term health consequences which 

extend into childhood and adult life. The m anagem ent o f  a fetus with growth 

restriction involves balancing the risks o f  chronic intrauterine hypoxia associated with
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continued pregnancy, and the short and long-term risks o f  preterm  delivery (A lberry 

and Soothill, 2007). Interventions are guided by severity o f  the fetal condition and 

gestational age at presentation (Baschat and Hecher, 2004). M anagem ent is more 

com plicated in pregnancies between 25 to 32 weeks gestation, w here each day gained 

in utero m ay im prove survival by 1-2% (Soothill et al., 1986). Hence an individual 

approach to  each pregnancy is recom m ended for fetal grow th assessm ent (Degani, 

2001).

M anagem ent should depend on umbilical artery D oppler studies (Royal College o f  

O bstetricians and G ynaecologists, 2002). Using fetal D oppler studies, a com bination 

o f  um bilical artery, m iddle cerebral artery and precordial vein D oppler can show  the 

degree o f  placental disease, level o f  redistribution and degree o f  cardiac com prom ise 

respectively (A lberry and Soothill, 2007). As fetal death can ensue as a result o f 

adaptive changes within the placenta, staging o f  placental disease is fundam ental to 

appropriate tim ing o f  delivery. Arterial and venous D oppler studies aim to define 

three critical aspects o f  lUGR 1) correct diagnosis o f  lU G R 2) docum entation o f  a 

fetal com pensatory response 3) evidence o f  fetal decom pensation. C hanges in venous 

Doppler precede abnorm alities on cardiotocography, w hich occur late during the 

course o f  fetal growth restriction (Kupferm inc et al., 2000).

1.3.4.1 Estimated fetal weight growth curves

As fetal ultrasound techniques have improved over the past 25 years, m any studies 

have the explored their accuracy by com paring predicted w eights estim ated by fetal 

growth m odels to postnatal birth weight by gestational age charts. There is an 

increasing body o f  evidence which indicates that intrauterine growth curves derived 

from ultrasonographically estim ated fetal weight are m ore appropriate than neonatal
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growth curves to detect fetuses and neonates at higher risk o f  adverse perinatal 

outcom e (Zhang et al., 2007) (Figueras et al., 2007) (M cCow an et al., 2005). On the 

other hand, fetuses who are small for dates may be protected from adverse 

program m ing by early expulsion from the uterus (Barker, 1994). N ot surprisingly, the 

birth weights o f  the m ajority o f  the preterm  infants fall below  the m ean-gestational 

age related estim ated fetal w eight (EFW ), and as gestational age decreases the 

incidence o f  fetal growth restriction based upon EFW  curves increases (Lackm an et 

al., 2001, M arsal et al., 1996). Fetal growth standards are norm ally distributed 

throughout gestation (M arsal et al., 1996) and this m ay im prove detection o f  fetuses 

with lUGR at risk for adverse outcom es (Lackm an et al., 2001). Therefore, com pared 

to body weight-gestational age intrauterine growth standards, EFW  intrauterine 

growth standards w ill classify more infants as having experienced fetal growth 

restriction (Ehrenkranz, 2007) (Ott, 1993) which has both obstetric and neonatal 

im plications. In addition, recent data analysis using the m ethodology o f  Cole (Cole, 

1990) has been used to develop LMS param eters for the Fenton preterm  growth chart 

to facilitate the calculation o f  z-scores. In the future these should perm it more precise 

assessm ent o f  grow th o f  infants who are born preterm (Fenton and Sauve, 2007).

1.3.4.2 Customised fetal growth curves

In order to adjust for the physiological variation between different babies due to 

maternal height, w eight, parity, ethnicity and gender w hich are associated with normal 

variation in birth weight, “custom ised fetal growth curves” have been developed. 

These growth curves are designed to adjust the variables above in order to calculate 

m ore accurately the true growth potential o f  the individual fetus. Although this
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m ethod for calcu lating  growth potential has been validated in a num ber o f  

international studies (Figueras et al., 2007, Gelbaya and N ardo, 2005, Gardosi, 2006), 

the growth curves are not being im plemented routinely in an Irish setting to date 

(personal com m unication). C o-efficients are currently being developed for more 

ethnic groups, to broaden the international applicability o f  individualised standards, 

and work is also underw ay to incorporate the custom ized birth w eight percentile as 

the starting point o f  the infant growth curves (Gardosi, 2006). In addition, individually 

adjusted birth w eight percentiles are better correlated with Apgar scores and neonatal 

m orphom etry indices and the association between SGA and adverse outcom es has 

been shown to be independent o f  the gestational age at delivery using this method 

(Figueras et al., 2007).

1.4 F a c t o r s  i n v o l v e d  i n  t h e  A e t i o l o g y  o f  SG A

As size at birth is such a strong determ inant o f  perinatal survival intense genetic 

selection pressure has clearly played a role during hum an history (D unger et al., 

2006). A lthough up to 30%  o f  cases o f  SGA may be caused by genetic abnorm alities 

(e.g. chrom osom al aberrations), the rem aining cases result from environm ental 

influences (B ernstein and Divon, 1997). Size at birth for gestational age is a m arker o f 

fetal growth rate, a dynam ic process which can only be assessed by repeated 

ultrasound m easurem ents. C auses o f  SGA have traditionally been subdivided into 

fetal, placental and m aternal; how ever in some cases more than one cause o f  SGA can 

be implicated and accurate prenatal assessm ent o f  fetal growth is not without
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difficulties. In up to  40%  o f  cases tiie cause will remain unidentified (Bernstein and 

Divon, 1997).

1.4.1 Congenital Anomalies & Syndromes

Proposed explanations for the relationship between lU G R  and congenital anom alies 

are: (i) lU G R  is a secondary effect o f  certain anom alies, (ii) lU G R  can predispose the 

fetus to certain  fetal anom alies and (iii) lU G R can coexist w ith congenital anom alies 

and syndrom es due to  com m on aetiological factors.

Anatom ical and chrom osom al abnorm alities o f  the fetus and abnormal placental 

vascular developm ent are responsible for m ost cases o f  lUGR in singleton 

pregnancies (B aschat and Hecher, 2004) (Khoury et al., 1988) and fetal growth 

restriction arising from chrom osom al abnorm alities is often observed early in the 

pregnancy. K aryotypic abnorm alities, such as trisom y 21 or 18, are estim ated to 

contribute to up to 5% o f  the cases o f  fetal growth restriction (Neerhof, 1995).Other 

chrom osom al abnorm alities such as ring chrom osom es and autosom al deletions, also 

contribute to this incidence. O ther conditions that involve congenital anom alies, such 

as Potter’s syndrom e, cardiac anom alies and any group o f  m ajor m alform ations, are 

frequently associated with abnormal fetal growth (Bernstein and Divon, 1997). The 

frequency o f  lU G R  am ong infants w ith m ultiple congenital anom alies increases with 

the num ber o f  defects -  from 20%  for infants with two defects to 60% for infants with 

nine or m ore defects (Khoury et al., 1988).
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1.4.2 Genetics of fetal growth

Birth size is the result o f  fetal growth. The fetal experience o f  growth is unique and 

influenced by m aternal constraint, paternal, placenta! and fetal factors, and it is likely 

that there are com plex interactions between the genetic and environm ental factors o f 

all three. This results in a com plex balancing act w here the interests o f  the m other (to 

physically deliver the infant through the birth canal) m ay conflict with those o f  the 

father (for its progeny to have an optimal birthweight for survival) over fetal growth 

rates (M oore and Haig, 1991). Epidem iological studies estim ate that genetic 

influences account for 38-80%  o f  birthweight variance (Johnston et al., 2002, M agnus 

et al., 1984, M agnus, 1984). M aternal genes have a greater influence on fetal size than 

paternal genes (Johnstone and Inglis, 1974). In addition significant correlation 

between parental birth weights and birth weight in offspring has been dem onstrated 

(M agnus et al., 1997).

Interestingly, the glucokinase gene defects, which have m aturity onset diabetes o f  the 

young (M ODY) type 2, influence birth weight up or down, depending on w hether the 

m other or the fetus has the m utation respectively (H attersley et al., 1998).

Naturally occurring m utations in the IGF system are rare in hum ans despite its critical 

role in fetal growth. Polym orphism s within the IGF-1 genom e have been associated 

with low birth w eight and low serum IGF-1 levels (V aessen et al., 2002, A rends et al., 

2002). However, there have only been several reported patients with deletion or 

m utation o f  the IGF-1 gene to experience severe pre- and postnatal growth retardation 

(W oods et al., 1996, Bonapace et al., 2003), (W alenkam p et al., 2005). In addition, 

very few cases o f  lU G R  with postnatal growth failure have been attributed to defects
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in the IG F IR  gene (Gicquel and Le Bouc, 2006), (A buzzahab et al., 2003, Jain et al., 

1998). The com m on polym orphism  H I9+2292 variant o f  the m aternally-expressed 

gene H I 9, w hich regulates the im printing o f  IGF-2 and has been associated with size 

at birth, is also associated with increased levels o f  cord blood levels o f  IGF-2 and 

maternal blood glucose levels during pregnancy (Petry et al., 2005).

1.4.2.1 The role o f  Genomic Imprinting in fetal growth

G enom ic im printing is an epigenetic phenom enon by which the expression o f  a gene 

is determ ined by its parental origin and only one allele o f  the im printed gene is 

expressed. Im printing is controlled by DNA m ethylation in such a w ay that a 

difference in m ethylation between the m aternal and paternal alleles correlates with 

different expression o f  the two parental alleles. Over 70%  o f  im printed genes are 

thought to regulate fetal growth and brain developm ent (R eik and W alter, 2001). 

Imprinted genes are the targets o f  m olecular defects in particular rare genetic 

conditions, including B eckw ith-W iedem ann syndrom e, A ngelm an syndrom e, Prader- 

Willi syndrom e and A lbright hereditary osteodystrophy.

There are no described m utations o f  the IGF-2 gene associated with lU G R however 

there is evidence o f  IGF-2 over-expression in Beckw ith-W iedem ann syndrom e 

(BW S), a d isorder associated with fetal and postnatal overgrowth. H yperm ethylation 

o f  the tum or suppressor gene H19 locus is a m ajor cause o f  the clinical features o f  

gigantism  and/or asym m etry seen in BW S or an isolated hem i hypertrophy. G iven the 

role o f  the I I  p i 5 im printed region in the control o f  fetal growth, attention has turned 

to the hypothesis that dysregulation o f  genes at 1 l p l 5  m ay be involved in syndrom ic 

intrauterine growth retardation (Gicquel et al., 2005). Loss o f  paternal m ethylation at 

the 1 l p l 5  im printed region is thought to be responsible for relaxation o f  im printing
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and biallelic expression o f  tiie tum or suppressor gene H19 and dow nregulation o f  the 

IGF-2 grow th factor. O verall, epigenetic defects in l l p l 5 ,  resulting in silencing o f  

IGF-2, are found in approxim ately 50% o f patients with Silver Russell syndrom e 

(which is associated with lU G R  and postnatal growth failure) (G icquel et al., 2005). 

Hypom ethylation o f  the H I9 prom oter region was recently reported in a series o f  

patients w ith clinical features o f  Silver Russell Syndrom e (SRS) (B liek et al., 2006). 

In another recent study o f  51 SRS patients, approxim ately 31%  patients w ere found 

to have epi-m utations in ICR-1 (the telom eric im printing centre region o f  11 p i 5) and 

the authors suggest that in grow th-retarded patients w ith only m inor or w ithout further 

dysm orphic features, a general involvem ent o f  l l p l 5  changes should be considered 

(Eggerm ann et al., 2006). There is also evidence for the ICR-2 im printing centre in 

the aetiology o f  SRS, show ing that SRS presents a picture with epigenetic defects 

opposite to  that o f  BW S (Schonherr et al., 2007).

The reports o f  assisted reproduction techniques (ART) such as in-vitro fertilization 

(IVF) associated with Beckw ith-W iedem ann syndrom e suggest up to a six-fold 

increase in the risk o f  Beckw ith-W iedem ann syndrom e against a background 

incidence o f  about 1.3/100, 000 newborns, (Halliday et al., 2004, Gosden et al., 2003, 

Sutcliffe et al., 2006). However, before firm aetiological conclusions can be reached, 

further studies are needed to  understand the relationship between imprinting, 

im printing-related disorders and IVF. Children conceived using A R T are also at risk 

o f  lU G R  via an unknow n m echanism , however it has not yet been determ ined 

whether the growth retardation induced by A RT involves the disruption o f  imprinted 

genes (Schieve et al., 2002) (Gicquel and Le Bouc, 2006) hence this is clearly an area 

deserving o f  ongoing research.
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1.4.2.2 Placental genetics

In m ost cases the placenta is genetically identical to the fetus, but in 1 to 2% o f  

conceptuses a cytogenetic abnorm ality is detected in the placenta and not in the fetus 

(confined placental m osaicism ) (K alousek and Dill, 1983, Lestou and Kalousek, 

1998).Up to 20%  o f  idiopathic SGA term deliveries have confined placental 

m osaicism  (K alousek and Dill, 1983, W ilkins-Haug et al., 1995).

1.4.3 Maternal socio-demographic characteristics

The literature has explored various aspects o f  pregnancy and perinatal outcom es and 

their relationship w ith socio-dem ographic factors such as m arital status, occupation, 

and m aternal educational achievem ent. In particular, over the past 50 years various 

studies have identified m any im portant associations between the socio-dem ographic 

characteristics o f  m others and the birth weight o f  infants. In general, increasing social 

disadvantage has been associated with decreasing birthw eight (Spencer et al., 1999, 

Elmen, 1996). G iven the im portance o f  birthweight for infant, childhood and adult 

health, a 150 to 200g social gradient in mean birthweight and 30%  o f  births less than 

2500g being attributable to social inequalities (Spencer et al., 1999) this is a key 

public health issue (Spencer and Logan, 2002). Early life exposure to poor 

socioeconom ic circum stances in turn may lead to biological vulnerability in later life 

(W adsw orth, 1997) and adult health behaviours, which also m ay have effects on fetal 

well-being, appear to  have socioeconom ic roots early in life (Lynch et al., 1997). For 

exam ple, a w om an w hose parents were disadvantaged is more likely to have been 

born low birth w eight herself, to have experienced more childhood ill-health, to  have 

had a less nutritious diet with suboptimal growth, to have started sm oking in 

adolescence and be less likely to stop sm oking in early pregnancy, and to becom e



pregnant at an earlier age (Spencer and Logan, 2002). Some o f  the m aternal 

characteristics (age, parity, m arital status and education) w hich have been identified in 

those wom en at low est risk o f  giving birth to a low birth w eight infant are maternal 

age 20 to 39 years, 12 years o f  education for m other and their spouses, early prenatal 

care, gravida 2 or 3 and no previous fetal loss (David and Collins, 1997). N ot 

surprisingly, the risk factors for preterm  birth are sim ilar to those for low birth w eight 

although there are som e distinctions. W hen it com es to race difference in the rate o f  

prem ature birth in the USA, four economic, dem ographic, and behavioural predictors 

have been identified; age less than 20 years, single m arital status, receiving w elfare 

support, and not having graduated from high school (Lieberm an et al., 1987).

Interestingly, fifteen percent o f  the decline in the rate o f  m oderately low birth w eight 

(between 1500g and 2500g) am ong whites in the USA has been attributed to 

favourable changes in m aternal characteristics (prim arily an increase in educational 

level) (K leinm an and Kessel, 1987) and the sharp increase in risk o f  low birth w eight 

in black wom en w ith increasing maternal age in the USA is attributed to the high 

prevalence o f  disadvantage in the population o f  over 96,000 births studied by Rich- 

Edwards et al (R ich-Edw ards et al., 2003).

1.4.4 Ethnic O rigin

Genetic factors associated with ethnicity that confer a perinatal advantage or 

disadvantage clearly influence birth weight. As concluded by the 1967 National 

C ollaborative Perinatal Project “ race behaves as a real biological variable in its effect 

on birthw eight” (N aylor and M yrianthopoulos, 1967). Black wom en in the United 

States o f A m erica have a substantially higher risk (13.1%  v 4.8% ) o f  giving birth to
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low birth w eight infants (<2,500g) than white w om en (David and Collins, 1997) 

(Fang et al., 1999). However, after controlling for socioeconom ic and medical 

characteristics, the risks o f  low birth weight for Caribbean- and African-born black 

m others had birth outcom es generally sim ilar to and, in poor com m unities, even more 

favourable than those for whites. Looking at the black subgroups in a recent cohort o f  

N ew York City births there w as substantial variation in the risks o f  preterm birth and 

low birth w eight w ith all o f  the groups having lower risks than the Am erican black 

reference group (H ow ard et al., 2006). This study also showed that births to foreign- 

born black w om en w ere less likely to be preterm  or low birth weight than births to 

US-born wom en. Sim ilarly, foreign-born M exican Am erican women, despite having 

m any dem ographic and socioeconom ic risk factors, have sim ilar rates o f  LBW  infants 

and infant m ortality to those o f  white wom en. Conversely, despite their high 

socioeconom ic status and early entry into prenatal care, foreign-born Asian Indian 

women in the USA have a paradoxically higher incidence o f  LBW  infants and fetal 

deaths when com pared with US-born whites, and protective factors in white women 

are not protective am ong Asian Indian wom en (Gould et al., 2003). However, a 

limitation o f  these observations in the context o f  this Irish study is that gestational age 

was not taken into account. In New Zealand, Indian wom en have more than a three

fold risk o f  delivering an infant with birthweight <10'’’ centile (using N ew  Zealand 

population references) com pared to European women (Thom pson et al., 2001).

1.4.5 M aternal smoking in pregnancy

The association o f  sm oking with a reduction in birthweight has been well established 

(Kramer, 1987). A  num ber o f  studies have found an association between maternal 

smoking and low er birth weights with estim ates o f  the reduction ranging from 100 to
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300g (Horta et al., 1997, C liver et al., 1995) (M acm ahon et al., 1965, M eyer and 

Com stock, 1972). The effect o f  maternal sm oking on low birthw eight seem s to be 

attributable to  intrauterine growth restriction (OR 2.07) rather than to preterm  delivery 

(Horta et al., 1997). Looking at the causal impact o f  late-term  (8‘’’ month o f  gestation) 

m aternal sm oking on birthweight, on average sm okers have been found to give birth 

to infants w eighing 348g less than those o f  non-sm okers (Ham ilton, 2001). A dose- 

response relationship has been dem onstrated with the degree o f  im paired fetal growth 

and with the average w eight deficit o f  458g in infants born to heavy sm okers. In 

addition, passive sm oke exposure during pregnancy plays a role and can result in an 

average w eight deficit o f  192g (Horta et al., 1997, Roquer et al., 1995). However, 

som e authors have argued that the effects o f  sm oking are confounded by lifestyle and 

physiological factors associated with both maternal sm oking and birthweight 

(Yerushalm y, 1971, H ickey et al., 1978). The effect o f  exposure to cigarette smoking 

during pregnancy has been shown to be m odified by advancing maternal age in an 

Am erican study by Fox et al., although num ber o f  cigarettes per day and years o f  

sm oking w ere not exam ined (Fox et al., 1994).

It is hypothesised that the aetiology o f  the observed im pairm ent in fetal growth is due 

to a com bination o f  carbon m onoxide exposure (decreased fetal haem oglobin oxygen- 

carrying capacity) and o f  nicotine (inducing release o f  m aternal catecholam ines). This 

results in repetitive episodes o f  reduced maternal perfusion o f  the placenta. Using the 

definition for SGA o f  birth w eight less than the gender specific 10‘*’ percentile for 

gestational age at birth (in term  infants >37 weeks), in the A uckland Birthweight 

C ollaborative Study the population attributable fraction for sm oking suggested that up 

to  18% o f  SGA infants born could be related to m aternal sm oking (Thom pson et al., 

2 0 0 1 ).
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1.4.6 Alcohol consumption

The association betw een alcohol and birthweight is m ore com plex. High levels o f 

alcohol consum ption (two or m ore drinks per day) may affect fetal growth 

(Zuckerm an and Hingson, 1986); how ever studies o f  the effect o f  alcohol 

consum ption can be difficult due to confounding variables such as maternal smoking 

and maternal nutrition (W alpole et al., 1990). The effects o f  prenatal exposure to 

alcohol have been found to  have an influence not only on grow th o f the fetus but also 

on that o f  the infant and child (Day et al., 1990, Jones and Smith, 1973, Day et al., 

1994, C arter et al., 2007). Low birth weight, decreased head circum ference and birth 

length are associated with prenatal maternal alcohol consum ption especially during 

the first 2 m onths o f  the first trim ester (Day et al., 1989). In one study, children at six 

years o f  age who had been exposed to alcohol prenatally were found to be 

significantly sm aller in weight, height, head circum ference and palpebral fissure 

width (D ay et al., 1994). These effects on size were m ediated by the effect o f  prenatal 

alcohol exposure on the offspring, where alcohol use during the second and third 

trim esters o f  pregnancy and continuous use o f  alcohol throughout pregnancy were 

significantly related to lower weight, length, and head circum ference in the exposed 

infants at the follow -up observations at 8 months o f  age (Day et al., 1990). In a recent 

study o f  fetal alcohol exposure, iron-deficiency and infant grow th, maternal binge 

drinking (> 4 drinks per occasion) was associated with an increased incidence o f  iron- 

deficiency anaem ia at 12 m onths, lower birth weight and reduced weight and shorter 

length at 6.5 m onths and 12 m onths (Carter et al., 2007). M oreover, iron deficiency 

seemed to exacerbate the prenatal alcohol effects on growth as it was related to
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reduced 12-month w eight and head circum ference and to slow growth velocity 

between 6 and 12 m onths. The authors proposed that the association o f  maternal binge 

drinking with an increased incidence o f  iron-deficiency anaem ia reflected disruption 

o f  accum ulation o f  fetal iron stores or postnatal deficiencies in iron uptake, absorption 

or intake (C arter et a!., 2007). In contrast, in a prospective study o f  approxim ately 500 

offspring, neither birthw eight nor any later size m easure w as as useful an indicator o f  

the enduring effects o f  prenatal alcohol exposure as were certain neuro-developm ental 

outcom es through to age 14 years (Sampson et al., 1994).

Fetal alcohol syndrom e (FAS), the most severe m anifestation o f  the adverse effects o f  

alcohol on fetal developm ent, was first described in the French medical literature by 

Lem oine et al. in 1968. It was first reported as a syndrom e by Jones and Smith in 

1973 (Jones and Smith, 1973). They delineated the association between maternal 

alcohol abuse and a specific pattern o f  birth defects and provided diagnostic criteria 

for this condition. Several diagnostic systems have since been developed with a view 

to capturing the w ide spectrum o f  physical and behavioural anom alies resulting from 

prenatal alcohol exposure; including growth deficiency, the characteristic FAS facial 

phenotype (short palpebral fissures, thin upper lip, sm ooth philtrum ) and central 

nervous system  dam age/dysfunction (Astley and Clarren, 2000). Fetal growth 

retardation has been associated with FAS since its first description as a syndrom e 

(Jones and Smith, 1973) and pre- and/or postnatal growth deficiency has been a 

characteristic included in many other definitions (A stley and Clarren, 2000). There are 

no specific tests for FAS and diagnosis may not be made until a pattern o f  delayed 

developm ent show s up on developm ental screening tests. However, any low birth

weight new born, w hose m other has a history o f  alcohol abuse during pregnancy, 

needs to be evaluated for alcohol effects. The classic phenotype o f  Fetal alcohol
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syndrom e (FAS) can be difficult to diagnose at birth, as the classical facial 

dysm orphism  (m id-facial hypoplasia, small palpebral fissures, flattened philtrum, thin 

upper lip and low nasal bridge) m ay not be present, may be subtle, or may be 

overlooked, which has made follow-up studies o f  these children challenging and also 

because as the neurological and behavioural aspects m anifest over time.

1.4.7 Maternal Size

M aternal height and weight are o ther known variables associated with fetal growth 

restriction, and as small maternal size is a factor in m aternal constraint, smaller 

wom en tend to deliver sm aller babies (Gluckm an and Hanson, 2004, Bernstein and 

Divon, 1997, Thom pson et al., 2001).

1.4.7.1 Maternal auxology'

M aternal height is an im portant determ inant o f  birth w eight (Kram er, 1987) and, on 

average, m others o f  SGA infants are shorter and lighter than m others o f  AGA infants 

(Thom pson et al., 2001). BM l is an index o f  maternal nutritional status which has an 

im portant role in fetal growth, and, in turn, size at birth in relation to gestational age is 

a m arker o f  fetal nutrition (H arding, 2001, Barker, 2004b, M itchell et al., 2004).

1.4.7.2 Maternal weight and weight gain in pregnancy

W eight gain in pregnancy is also a predictor o f  infant birth w eight, with low infant 

birthweight predicted by lower and higher than recom m ended weight gain (M ay, 

2007) (Stotland et al., 2006). G uidelines for w eight gain in pregancy generally allow
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greater w eight gain for lighter m others in light o f  evidence that wom en with low 

pregnancy w eight gains have a higher risk o f  having an infant with a below-average 

birth w eight (Institute o f  M edicine, 1990, Cedergren, 2007). In a study based on pre

pregnancy BM I and birthw eight outcomes, women w ere classified as underw eight 

(12% ), overw eight (16% ) or obese (31%). 42%  o f  w om en gained m ore w eight than 

recom m ended and 16% gained less than recom m ended (A bram s and Selvin, 1995). It 

is not clear w hether m aternal poor w eight gain during pregnancy is a cause o f  fetal 

growth restriction or m erely an associated finding (B ernstein and Divon, 1997). 

H owever, differences in dietary intake during pregnancy m ay also influence 

birthw eight (G odfrey and Barker, 2000) (Stephenson and Sym onds, 2002).

M aternal w eight gain in pregnancy m ay also influence rates o f  overw eight in 

childhood. In a study by Oken et al. o f  1,044 m other-child pairs, wom en were divided 

into three groups based on w hether their pregnancy w eight gain was below, within, or 

above the values set by the USA Institute o f  M edicine. Excessive w eight gain was 

noted in 51%  o f  subjects, adequate weight gain in 35%, and inadequate w eight gain in 

14%. M others with excessive or adequate weight gain w ere roughly four tim es more 

likely than those with inadequate weight gain to have a child w ho was overw eight by 

age 3 (O ken et al., 2007). Sim ilar findings have been reported from a Portuguese 

study (M oreira et al., 2007). Increased risk o f  cardiovascular disease in the offspring 

has been show n w hen the m other was obese and the baby thin at birth (Forsen et al., 

1997). This probably reflects in utero growth restraint as a consequence o f  maternal 

gestational hypertension, w hich can be up to five tim es higher in obese versus non- 

obese m others (prior to pregnancy). Offspring o f  such obese m others would be 

expected to show  postnatal catch-up weight gain, as overall children o f  obese m others 

are at four tim es increased risk o f  becom ing obese them selves (Reilly et al., 2005).
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1.4.8 M edical disorders in pregnancy

The m ost im portant m aternal m edical conditions that influence birthw eight are 

diabetes and hypertension w hich also have risk for adverse perinatal outcom e.

1.4.8.1 Gestational diabetes

Com pared w ith offspring o f  non-diabetic obese mothers, offspring o f  m others with 

gestational diabetes have increased fat m ass at birth, but no difference in lean body 

mass (Catalano et al., 2003). A U-shaped birth w eight association with risk o f  type 2 

diabetes in the offspring exists particularly in populations with a high predisposition 

to type 2 and gestational diabetes, due to the association between large birth weight 

and risk o f  type 2 diabetes com bined w ith the known risks o f  low birth weight 

(M cCance et al., 1994).

The increased risk o f  type 2 diabetes is attributed to the com bination o f  persisting 

increased adiposity, insulin resistance and reduced beta-cell capacity (Sobngwi et al., 

2003) (Hunter et al., 2004). The fact that offspring o f  m others who have diabetes 

during pregnancy are also at higher risk o f  type 2 diabetes and obesity during later life 

suggests that intrauterine influences provided by a diabetic m other m ight result in 

program m ing o f  the fetus for later risk o f  m etabolic disease (Freinkel, 1980). For 

exam ple, in populations w ith high rates o f  maternal diabetes during pregnancy, such 

as Pim a Indians, the effects o f  these early environm ental effects are o f great 

importance to  the health o f  the next generation, with m aternal diabetes in utero being 

the single strongest predictor o f  type 2 diabetes in Pim a children (D abelea et al., 

1998).
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1.4.8.2 M aternal hypertension and pre-eclampsia

T here has been international debate on the definitions and classification o f  

hypertensive disorders o f  pregnancy due to the well docum ented associated maternal 

and perinatal m orbidity and m ortality. Women with hypertension, when com pared 

w ith norm otensive wom en, have been shown to have increased risks for preterm  birth, 

LBW  and SGA birth as w ell as for low Agpar scores, lower m ean birthweight and 

shorter gestational age (Heard et al., 2004). Fetal growth restriction is known to 

increase 2-3 fold in the presence o f  chronic hypertension (M artikainen et al., 1989, 

Scott, 1981). It is not clear w hether this is a result o f  the vasospastic characteristics o f  

the disorder that leads to a chronic reduction o f  uterine blood flow, or the result o f  the 

increased incidence o f  pre-eclam psia am ong women with chronic hypertension. The 

severity o f  the hypertension directly correlates with increasing incidence o f  fetal 

growth restriction, how ever good control o f  blood pressure during early pregnancy 

has not been shown to change the incidence o f  fetal growth restriction am ong 

hypertensive wom en (Redm an, 1976).

Pre-eclam psia is diagnosed when a pregnant wom an develops high blood pressure 

(two separate readings taken at least 6 hours apart o f  140/90 or m ore) and 300 mg o f  

protein in a 24-hour urine sam ple (proteinuria). A rise in baseline BP o f  20 systolic or 

15 diastolic, w hile not m eeting the absolute criteria o f  140/90 is still considered 

im portant to note but no longer diagnostic. The association o f  pre-eclam psia (PET) 

and fetal growth restriction has a m ajor effect on antenatal care, tim ing o f  delivery 

and perinatal m ortality and m orbidity (W alker, 2000). The presence o f  PET affects 

the prognosis o f  cases o f  lUG R, probably as an indicator o f  the severity o f  placental 

dysfunction and subsequent rapid fetal deterioration, as well as the risks to the
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maternal condition. Increased risk o f  “ SGA” defined by birthw eight <10 '’’ centile, has 

been found with increasing severity o f  pregnancy-induced hypertension, from 

gestation hypertension (adjusted OR 1.55) to  pre-eclam psia (adjusted OR 2.42) and 

those with pre-existing hypertension (prior to  20 w eeks gestation) (adjusted OR 5.49) 

(Thom pson et al., 2001). Superim posed pre-eclam psia has been shown to occur in 

approxim ately 40%  o f  pregnancies o f  w om en with pre-existing hypertension and has 

the most severe outcom es (Heard et al., 2004). In addition, sm oking worsens the 

outcom e for hypertensive wom en in term s o f  SGA births (V reeburg et al., 2004).

1.4.9 Parity and maternal constraint of fetal growth

As outlined previously (section 1.3.1 Regulation o f  fetal growth), growth o f  babies 

has to be constrained by the size o f  the mother, otherw ise a norm al birth would not be 

possible (Barker, 2004a). The m ajor non-genetic factor which determ ines the size o f  

the fetus at term  is “ maternal constraint”, a term  referring to a set o f  poorly defined 

processes w hereby maternal and utero-placental factors act to limit fetal growth, 

presum ably by lim iting nutrient availability and/or the m etabolic-horm onal drive to 

grow (G luckm an and Hanson, 2004).

M aternal constraint can be divided into supply-lim ited constraint (e.g. maternal size) 

and dem and driven constraint (e.g. twinning). M aternal constraint acts in all 

pregnancies, but is greater in some situations, particularly those involving young 

m aternal age, small maternal size, nulliparous and m ultiple pregnancies (Gluckman 

and Hanson, 2004). Some restraint o f  fetal growth by the m aternal uterine 

environm ent is evident, particularly in first pregnancies, with first babies being 

thinner, having lower birth weights and preservation o f  head circum ference and 

length, suggesting reduced adiposity (D unger et al., 2006). M others’ first pregnancies
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are also associated with lower birth weight in their offspring and an increased risk o f  

pregnancy-induced hypertension (Dunger et al., 2006). Proposed m echanism s by 

which m aternal constraint occurs are by in utero program m ing o f  fetal m etabolism 

(via the m aternally transm itted m itochondrial genom e) and inheritance o f  exclusively 

m aternally expressed genes (silencing o f  paternal alleles by im printing) (D unger et al., 

2006). The concept o f  inherent conflict between the m other’s need to  limit nutritional 

dem ands o f  the fetus and the fa ther’s interests in prom oting fetal growth to increase 

chances o f  perinatal survival was put forward by Haig (Haig, 1996) however, there is 

only variable im printing o f  som e o f  the genes related to fetal growth.

Interestingly, fetal genes, and in particular paternally expressed genes, may have 

significant effects on fetal growth during pregnancies w here m aternal restraint o f  fetal 

growth is less evident. This is borne out by the observation that com m on variation in 

the insulin gene (INS) variable num ber tandem  repeats - w hich regulates the 

transcription o f  insulin and IGF-II - has been associated with size at birth largely in 

second and subsequent pregnancies where maternal restraint is least evident (Dunger 

et al., 2006).

1.4.9.1 M ultiple Pregnancies

As discussed above, tw inning is an exam ple whereby m aternal constraint is demand- 

driven (G luckm an and Hanson, 2004). M ultiple gestations are associated with 

increased risk o f  pregnancy-induced hypertension, perinatal and obstetric 

com plications and maternal m ortality (Spellacy et al., 1990) (K inzler et al., 2000). 

Fetal growth restriction can be particularly severe in m ultiple gestations where there is 

shared fetal circulation (Bernstein and Divon, 1997). H ow ever, the biology o f 

tw inning suggests that intrauterine growth in twins is different from that o f  singletons
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and is subject to d ifferent constraints (Phillips et al., 2001) and birth weight disparity 

within twin pairs is not necessarily indicative o f  aberrant fetal growth but is a specific 

m easure o f  intrauterine developm ent in m ultiple gestations (B lickstein et al., 2000). 

There are conflicting studies looking at the influence o f  birth weight in term s o f  

perinatal m ortality  risk with one study showing that at birthw eights less than 2,500g 

tw ins are at low er risk o f  fetal or perinatal mortality com pared to singleton infants but 

that at w eights above 2,500g there is a greater risk to  tw ins (Spellacy et al., 1990). 

A nother study show ed lower risk o f  late fetal death (Cnattingius et al., 1998). A 

further study o f  tw in gestation showed that the optim um  birth w eight for tw ins in 

terms o f  perinatal m ortality was 3,001-3,500g versus an optim um  birthweight for 

singletons o f  3 ,501-4,000g (Brown and Schloesser, 1990). In twin pregnancies fetal 

growth velocity has been found to decrease after 32 w eeks gestation but to be 

independent o f  birth order, fetal gender, chorionicity and zygosity (Sm ith et al., 2001). 

B irthweight d iscordance is caused by inherent inter-twin biologic diversity and 

extrinsic determ inants o f  fetal growth; how ever it is w idely debated w hether inter

twin birth w eight discordance is a normal biologic variation or som e form o f  growth 

restriction (B lickstein et al., 2000). Studies would suggest that at lower birth weights, 

discordance o f  birth w eight m ay be more im portant than absolute birth w eight 

(Blickstein et al., 2000, Yalcin et al., 1998). G reater birth w eight discordance was 

associated w ith significantly m ore preterm deliveries as a result o f  intervention, low 

birth weight, N IC U  adm issions, respiratory distress, fetal abnorm alities and fetal 

deaths (H ollier e t al., 1999). However, when tw ins surpassed the risks o f  preterm  birth 

(i.e. delivery >37 weeks) and when the lighter tw in weighed > 2,500g, no excess risk 

o f  adverse outcom e for discordant tw ins has been shown (Blickstein et al., 1988).
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G enetic factors are not part o f  the ‘thrifty hypothesis’ w hich proposes an association 

between fetal undernutrition, poor fetal growth and low birthw eight with subsequent 

adult disorders such as type 2 diabetes, hypertension and coronary heart disease even 

though studies suggest that genetic factors are im portant factors in the variation o f  

both birthw eight and type 2 diabetes (Iliadou et al., 2004). M any studies have shown 

associations between low birth w eight and the risks o f  cardiovascular diseases (Barker 

et al., 1989, B arker et al., 1990, Barker, 2004a, Barker, 1995); there is still debate as 

to w hether such associations are caused by undernutrition in utero or w hether they are 

m ediated by genetic and/or shared environm ental effects (Kram er, 2000, Paneth and 

Susser, 1995). D ifferences in birth weight between genetically identical, m onozygous 

(M Z) tw ins m ust be due to differences in the fetal environm ent and feto-placental 

influences (such as differences in nutrient portioning and blood supply between twins, 

an extrem e exam ple o f  which is the twin-twin transfusion syndrom e), but not to 

m aternal factors which will be shared by both twins and are at play in both M Z and 

dizygotic (DZ) twin types (Phillips, 2004). Hence, studies within M Z twin pairs allow 

perfect m atching for genetic influences. Iliadou’s large Swedish study o f  11,162 twins 

showed that between pairs there was a significant increase in risk o f  developing type 2 

diabetes because the effect o f  low birth weight on type 2 diabetes is due to an in utero 

program m ing effect possibly caused by intrauterine undernutrition. H ow ever it did not 

exclude the possibility o f  a com m on genetic m echanism (Iliadou et al., 2004). W ithin- 

pair birth w eight difference has also been shown to be a significant predictor o f  

abnorm al responses to O GTT and the m etabolic syndrom e (Bo et al., 2000); diabetes 

has been shown to occur m ore often am ong twins with the low er birth weight in 

which there were significant w ithin-pair birth weight difference for both MZ and DZ 

twin pairs (Poulsen et al., 1997). These studies strengthen the hypothesis that
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intrauterine environm ent m ay be responsible for m etabolic abnorm alities in adult life 

and that for future adult health risks w ithin-pair birth w eight difference is more 

important than an absolute low birthweight (Bo et al., 2000).

1.4.9.2 Birth order in twin gestations

Birth order is im portant in twin deliveries as the second twin at term  is at increased 

risk o f  perinatal m orbidity and mortality. Labour and delivery are associated with 

risks to the second twin at all gestations (Sm ith et al., 2007). A large Swedish study 

found that second tw ins had a four-fold risk o f  an A pgar score < 7 at five m inutes 

(Thorngren-Jerneck and Herbst, 2001) and a Canadian study found that if  the second 

twin was delivered vaginally there was a three-fold risk o f  m orbidity but no excess 

risk if  delivered by elective caesarean section (Arm son et al., 2006). Similarly, a study 

o f  twin pregnancies in England, Northern Ireland and W ales from 1994-2003, has 

shown that am ong term  births the second twin had a greater risk o f  dying from 

intrapartum anoxia if  delivered vaginally com pared with those delivered by caesarean 

section (Sm ith et al., 2007). In contrast, the authors found no association between 

birth order and the risk o f  death am ong infants born before 36 weeks gestation but 

other studies have shown an increased risk o f  fetal distress or perinatal m orbidity for 

second tw ins bom  preterm  (Hartley and Hitti, 2005). O ther studies have identified risk 

factors for death o f  the second twin o f  twin pairs with discordant birthweights. In a 

study by Smith et al. the absolute discrepancy between birthweights was w ider in tw in 

pregnancies w here the second tw in had died at term ; how ever the discrepancies were 

equally distributed between those in which the second w as the sm aller twin and those 

in which the second tw in was the larger. However, due to small num bers involved, it
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w as not possible to establish a relationship between the direction o f  the birthweight 

discrepancy and the cause o f  death (Smith et al., 2002).

1.4.9.3 Intergenerational effects o f intrauterine growth restriction

There is a recognized association between birth w eight o f  offspring and m aternal birth 

w eight (O unsted et al., 1988). In addition, a m other’s risk o f  pre-eclam psia has also 

been related to her ow n birth w eight (Innes et al., 2003). There is also a continuous 

relationship betw een m aternal glucose levels and birth w eight o f  the offspring. This 

variation in m aternal glucose levels is thought to be partly transm itted down the 

m aternal line as risk o f  gestational diabetes is also related to low m aternal birth 

weight (Innes et al., 2002). G enetic inheritance m ay explain som e o f  the cross- 

generational effect on birth w eight but evidence suggests that the fetal genom e plays a 

subordinate role in determ ining the growth achieved during pregnancy and it is the 

environm ent in w hich the fetus develops that dom inates (M urrin et al., 2007). There is 

strong evidence o f  intergenerational effect o f  reduced intrauterine growth even when 

socioeconom ic factors, sm oking and BMI are taken into account. In human 

populations the influence o f  a w om an’s own birth w eight on the birth w eight o f  her 

child indicates that m aternal nutritional status may affect subsequent generations. In a 

Swedish study by Selling et al., odds ratio for giving birth to SGA (BW  SDS < -2) 

(OR 2.68) and preterm  infants (OR 1.30) was higher am ong m others w ho them selves 

were bom  SGA (Selling et al., 2006). M others w hose intrauterine growth was 

m oderately reduced but w ho did not m eet the criterion o f  being born SGA w ere also 

at higher risk o f  giving birth to both preterm and SGA infants respectively. In 

contrast, a consistent intergenerational effect o f  preterm  birth has not been observed 

(Selling et al., 2006). N utrition in pregnancy m ay exert its effect over a longer period
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through an effect on m aternal growth in childhood (Baird, 1980) and possibly through 

an intergenerationai effect (Em anuel et al., 1992). The Dutch fam ine studies looking 

at the effects o f  starvation during pregnancy have shown that reduced caloric intake 

during the first 2 trim esters o f  pregnancy increases the risk o f  obesity in the offspring 

(Ravelli et al., 1976, Ravelli et al., 1999).
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1.5 C l i n i c a l  F e a t u r e s  o f  SGA

1.5.1 P e r in a ta l  risks associa ted  w ith  SGA

lU G R is a m ajor contributor to perinatal m orbidity and m ortality (Bernstein et al., 

2000); how ever one problem encountered when com paring outcom e studies o f  SGA 

infants is the range o f  definitions used for SGA (as discussed), confounding 

param eters such as prematurity, and antenatal detection o f  lU G R or lack th e reo f 

G arite et a l .’s retrospective study showed lUG R to be a serious problem  associated 

with increased m orbidity and m ortality am ong prem aturely born neonates, regardless 

o f  the definition used or w hether the diagnosis was made before or after birth (Garite 

et al., 2004). lU G R  fetuses, already com prom ised by variable durations o f  chronic 

hypoxia, are less resilient to the stress o f  delivery and thus, when com pared with 

AGA infants o f  the sam e gestation, SGA infants have higher risk o f  intrapartum  fetal 

distress and m etabolic acidosis (Figueras et al., 2007). Hence, the type o f  delivery 

and, as previously discussed, tim ing o f  delivery in such infants is critical. The 

inherent d ilem m a is how long to leave a non-thriving fetus in a sub-optim al uterine 

environm ent versus iatrogenic premature delivery with all the known inherent risks 

for adverse perinatal outcom e. In som e cases there will be no option, with the risks o f  

intrauterine death outw eighing those o f  the com plications o f  prem aturity. In countries 

with low  infant m ortality rates, when infants with congenital m alform ations are 

excluded, late fetal deaths in extrem ely SGA fetuses can account for m ore than 50% 

o f all late fetal and infant deaths (Cnattingius et al., 1998). In contrast, delaying 

delivery until fetal distress is evident in cases o f  lU G R m ay be associated with higher 

stillbirth rates but a lower neonatal mortality and, at very low gestational age, neonatal



m ortality and cerebral palsy are com peting short versus long-term  outcom es (Baschat 

and Hecher, 2004, Jarvis et al., 2003). O ther studies have shown both increased rates 

o f  neonatal m ortality and adverse neonatal outcom es in infants with severe early 

lUGR (A ucott et al., 2004). All these known risks would be expected to have 

considerable influence on onset o f  labour, type o f  delivery, intrapartum  problems, and 

rates o f  adm ission to neonatal intensive care units infants with lU G R  or bom  SGA.

1.5.2 Neonatal period

Fetal growth restriction has long been associated with increased neonatal morbidity 

(Sharm a et a!., 2004, G arite et al., 2004, Lai et al., 2003, Bernstein et al., 2000). There 

is how ever a reduced incidence o f  some m orbidities such as respiratory distress 

syndrom e (Sharm a et al., 2004) and cerebral haem orrhage (Am ato et al., 1993) but an 

increased incidence o f  chronic lung disease (Sharma et al., 2004, G arite et al., 2004, 

Lai et al., 2003) and cerebral palsy, although the latter seem s to be less marked in the 

growth restricted infants born preterm  (Jarvis et al., 2003).

In the past, it has been suggested that “stress” o f  the intrauterine condition in lUGR 

may enhance fetal m aturation and be protective against the effects o f  prematurity 

com pared with appropriately grown preterm  infants so that m ortality and some 

neonatal m orbidities m ay be reduced; however, the evidence for this is lacking and 

severe lU G R has clearly been shown to be harmful (Bernstein et al., 2000) (Baschat 

and Hecher, 2004, Ley et al., 1997). As preterm infants are often also growth 

restricted, centiles for birth weights in prem ature infants are distorted (skewed to the 

left, as healthy better grown infants are m ore likely to progress to  term) and may
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conceal the degree o f  grow th restriction in a given infant. Hence using fetal growth 

(estim ated fetal w eight standards by ultrasound m easurem ents), rather than birth 

w eight standards, gives a better indication o f the incidence and role o f  lUGR in 

neonatal m ortality  and disease such as necrotising enterocolitis (increased risk) and 

periventricular haem orrhage (protective) (Cooke, 2007). Sim ilar conclusions have 

been m ade by other authors (Lackm an et al., 2001) (G ardosi, 2006). In addition, 

com pared with AGA infants, SGA infants are more susceptible to TPN -associated 

cholestasis (B aserga and Sola, 2004) which can underm ine or delay delivery o f 

optim um  nutrition in these infants.

As neonates, babies bom  SGA have problem s m aintaining body tem perature and 

norm oglycaem ia. Brown fat is reduced or absent, severely im pairing non-shivering 

therm ogenesis. In a study o f  perinatal correlates and neonatal outcom es o f  infants 

born SGA at term . D octor et al defined SGA as birthw eight <  lO'*’ centile for 

gestational age but found that the only significant d ifference between infants with 

birth w eights betw een the 5"̂  and 10 '̂’ centile for gestation and their m atched AGA 

controls was the developm ent o f  neonatal hypothermia, with significant differences 

for all o ther variables occurring in infants with birthw eights <5* centile. The 

differences in rates o f  hypotherm ia and sym ptom atic hypoglycaem ia betw een SGA 

infants and controls rem ained significant even after controlling for identified medical 

or pathological causes o f  lUGR, leading the authors to suggest that neonatal 

m orbidities are related to growth failure per se rather than its cause (D octor et al., 

2 0 0 1 ).

N ew borns with intrauterine grow th retardation (lUGR) have m ultiple risk factors for 

developing hypoglycaem ia. H yperinsulinism , both transient and prolonged, is one o f
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the m ajor risk factors responsible for the hypoglycaem ia observed in some newborns 

with lUGR. Once the child has progressed beyond infancy, ketotic hypoglycaem ia is 

the m ost com m on cause o f  hypoglycaem ia and observations by K ocharet al suggest 

that ketotic hypoglycaem ia m ay be more com m on in children with a history o f lU GR 

(K ochar and Hussain, 2006). In contrast, prem ature very low birth weight infants can 

experience varying degrees o f  hyperglycaem ia in the neonatal period due to factors 

such as stress, sepsis, adm inistration o f  postnatal steroids and com plications o f  

parenteral nutrition. In a study o f  hyperglycaem ia in extrem ely low birth weight 

infants, studies have shown that IGF-I and IGF-II are not related to hyperglycem ia 

and that hyperglycem ic infants do not have baseline insulin deficiency; m ost having a 

norm al insulin response to hyperglycem ia (M eetze et al., 1998).

1.5.3 Infancy and Childhood 

1.5.3.1 Catch-up Growth

A general definition o f  catch-up growth is a growth velocity (cm /year) greater than 

the m edian for chronological age and gender (height velocity SDS > 0). It is typically 

an early postnatal process that in most infants is com pleted by the age o f 2 years and 

results in attainm ent o f  height within the norm al range (i.e. height > - 2SDS) 

(A lbertsson-W ikland and Karlberg, 1997, Karlberg and A lbertsson-W ikland, 1995). 

Studies have shown that m ost SGA infants approach the length o f their AGA peers by 

the age o f  2 years (H okken-K oelega et al., 1995, O ng et al., 2000, A lbertsson- 

W ikland and Karlberg, 1997), with catch-up occurring in >  80% o f SGA infants 

within the first 6 m onths, although it can be longer in prem ature infants (A lbertsson- 

W ikland and Karlberg, 1997). In fact, m ost o f  the increase in height SDS in these
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children has been found to occur by 2 m onths o f  age (A lbertsson-W ikland and 

Karlberg, 1997). For this reason regular growth m onitoring during the early postnatal 

period is recom m ended (Clayton et a!., 2007) and different growth patterns may 

em erge in infants as young as 3 m onths o f  age (Saenger et al., 2007). Perinatal factors 

associated w ith failure o f  catch-up by 6 m onths in SGA infants (<10*'’ centile) were 

analysed by M cC ow an et al. in a cohort o f  over 200 infants. The authors found that 

shortness at 6 m onths w as associated with shortness at birth and m ale gender. In 

addition, low head circum ference was associated with sm all head at birth and low 

w eight at 6 m onths was associated with antenatal detection o f  SGA (M cCowan et al., 

1999). Furtherm ore, overall sm allness (low w eight and length) was associated with 

prem aturity, and z-score birth length (M cCowan et al., 1999). Those who have failure 

o f  catch-up grow th by 2 years, and whose height and/or w eight remain < 2SDS below 

the mean, have been shown to be at increased risk o f  short stature (Karlberg and 

A lbertsson-W ikland, 1995, H okken-K oelega et al., 1995, Luo et al., 1998). In a large 

Swedish birth cohort study (n= 3656), birth length was found to be the most powerful 

risk factor for short final adult height (A lbertsson-W ikland and Karlberg, 1997). The 

investigators found that lack o f  postnatal catch-up in SGA children by age 2 years 

gave a relative risk o f  short stature at 18 years o f  5.2 if  born light and 7.1 if  born 

short. In this context, 20%  o f  short adults are estim ated to have been born SGA 

(K arlberg and A lbertsson-W ikland, 1995). In a sm aller French study by Leger et al, 

approxim ately 13% o f  children born SGA (BW  < 3’̂'* centile) had a final height > 2 

SDS below the m ean, com pared to 1.7% o f  children born AGA (Leger et al., 1998b).

In the studies by O ng et al analysing longitudinal growth data in a total o f  1335 

normal infants up to five years o f  age (as part o f  The Avon Longitudinal Study o f
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Pregnancy and C hildhood (A LSPA C)) com plete catch-up growth by 12 m onths was 

dem onstrated in children o f  m aternal sm okers who were sym m etrically sm all at birth. 

In contrast, infants o f  prim iparous pregnancies were thin at birth, showed dramatic 

catch-up growth and were heavier and taller than infants o f  non-prim iparous 

pregnancies from 12 m onths onw ards. O f the infants who caught up, m ales caught up 

more rapidly than fem ales (Ong et al., 2002b).

The literature can be confusing when definitions o f  catch-up growth in the postnatal 

period are considered. A lthough the classic definition refers to linear catch-up (length 

or height) (Karlberg and A lbertsson-W ikland, 1995, Hokken-Koelega et al., 1995) 

som e studies referring to catch-up have concentrated on postnatal w eight gain 

(M onteiro and Victora, 2005). (M onteiro et al., 2003, Ong et al., 2000, Cam eron et al., 

2003), especially given the association o f  rapid postnatal weight gain with later risk 

for obesity.

Early postnatal growth rates are strongly infiuenced by a drive to com pensate for 

antenatal restraint or enhancem ent o f  fetal growth by m aternal-uterine factors (Ong et 

al,, 2002b). M echanism s that signal and regulate early catch-up growth in the 

postnatal period m ay influence associations between small size at birth and risks for 

disease in later life (Ong et al., 2000). The developm ent o f  insulin resistance during 

childhood or adult life underpins the associations between birth weight and risk o f 

cardiovascular disease and type 2 diabetes. This has led to an early hypothesis that 

determ inants o f  size at birth could also be determ inants o f  later risk o f  adult disease 

(H attersley and Tooke, 1999). The pathw ay from size at birth to adult disease 

however, is com plex and early o r later rapid postnatal w eight gain m ay be the more
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im portant determ inant o f  disease outcom e (Cianfarani Arch Dis Child Fetal Neonatal 

Ed 1999). Studies reported in the literature appear to concur that there are tw o distinct 

types o f  child with a history o f  SGA (i) those that catch up and (ii) those who fail to 

catch up.

(i) In those who catch up height and weight come w ithin the norm al range but rate o f 

postnatal catch-up m ay determ ine future risks for overw eight or obesity. A 2005 

system atic review  o f  grow th in infancy and childhood identified 13 papers showing an 

association w ith rapid w eight gain from birth with risk o f  overw eight or obesity at 3- 

17 years (M onteiro and Victora, 2005). However, there are various differences used in 

these publications to define rapid catch-up. The m ost consistent interval between 

m easurem ents for rapid growth calculation was 0-2 years, used in three studies which 

also used the sam e definition for clinically significant catch-up growth (variations 

greater than +0.67 w eight-for-age z-scores between tw o separate evaluations) (Ong et 

al., 2000), (M onteiro et al., 2003, Cam eron et al., 2003). This value is based on the 

difference betw een percentiles 25, 50 and 75 in a growth chart. Ong found children 

who showed catch-up grow th between 0-2 years to be heavier, taller, and fatter (BMI, 

percentage body fat, and waist circum ference) at five years than other children (Ong 

et al., 2000). A nother study o f  588 children by Tanaka et al. found a positive 

correlation betw een w eight gain during the first m onth o f  life and BMI at 3 years o f 

age (Tanaka et al., 2001). In addition, associations have been m ade between linear 

growth and later BM I. A follow-up study o f  infants born in 1958 studied at age 33 

years (72.8%  o f  original cohort o f  10,683) showed percentage o f  eventual final height 

attained at age 7 years in boys was associated with birth w eight, and their m other’s 

weight or BM I (Parsons et al., 2001). The percentage o f  eventual adult height at age 7 

was used as the criterion for rapid growth. In a large Swedish follow  up growth study
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o f  m en born SGA (<-2 SDS for birth w eight or length), Lundgren et al. showed that 

men bom  SGA for length (SG A l) and achieving a final height >-2SDS had a 61% 

increased risk o f  being overw eight (Lundgren et al., 2001). However, there was no 

increased risk o f  high blood pressure, which was the prim ary outcom e being assessed. 

There was no difference in association between SGAw (weight) and SGAwl 

(w eight& length). The analyses however, were not adjusted for m ajor confounders.

(ii) In contrast, the child who is bom  SGA but fails to show  catch-up and remains 

short during childhood displays a defect in prenatal and postnatal growth, although the 

risks for later health problem s are less clear especially in those who remain short and 

are treated with growth horm one (Saenger et al., 2007). SGA children who fail to 

catch up could reflect the severe degree o f  lUG R and the developm ent o f  irreversible 

changes in fetal m etabolism  that im pair the possibility o f  postnatal catch-up growth; 

for example, children bom SGA who fail to catch up often have early loss o f  appetite 

and reduced food intake (Boonstra et al., 2006) (D unger et al., 2006). A lternatively, 

candidate genes could not only affect fetal but also postnatal growth (genes included 

IGF-1, IGF-2, IG F IR  and genes encoding the insulin receptors and their respective 

post-receptor signalling cascade). It is also m ore likely that as yet unidentified isolated 

gene defects play a role in the severity o f  postnatal grow th failure in children born 

SGA who do not catch up (D unger et al., 2006). W hatever the underlying mechanism, 

it is clear that SGA children who exhibit lack o f  catch-up growth constitute a high risk 

group for persistent short stature (Leger et al., 1998b, K arlberg and Albertsson- 

Wikland, 1995, H okken-K oelega et al., 1995).
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1.5.3.2 Insulin resistance and m etabolic syndrom e -  The “catch-up growth hypothesis”

Decreased insulin sensitivity has been dem onstrated not only in aduhs bom  SGA, but 

also in children born SGA (Soto et al., 2003, Veening et al., 2002, Hofm an et al.,

1997, A rends et al., 2005). For this reason it has been speculated that the rapid 

increase in height velocity experienced shortly after birth, involving over-activation o f 

the IGF system  w hich was quiescent during intrauterine life, induces m etabolic 

adaptations w ith long-term  consequences (Cianfarani et al., 1999).

G row th-restricted infants are characterised by fetal hypoglycaem ia, which acts to 

m aintain the m aternal/fetal glucose concentration gradient and transport o f  glucose 

across the placenta to the fetus (Hay et al., 1997). The hypoglycaem ia also limits 

insulin secretion, initially potentiating fetal glucose production, but subsequently 

resulting in increased protein breakdown and decreased protein accretion, lim iting the 

growth o f  lean body m ass (H ediger et al., 1998a). Children born after lU GR have low 

insulin, IGF-1, IGFBP-3 and high GH, IGFBP-1 and IGFBP-2 which norm alises in 

the first few m onths o f  postnatal life (Cianfarani et al., 1998, Leger et al., 1996). 

T issues chronically  depleted o f  insulin and IGF-1 in utero which are suddenly 

exposed to increased concentrations o f  the two horm ones shortly after birth, may 

counteract their additive insulin-like actions by developing insulin resistance as a 

m etabolic defense mechanism  to protect the organism  from hypoglycaem ia 

(Cianfarani et al., 1999). Therefore the crucial tim e for developm ent o f  long term 

consequences m ay be in early postnatal life when catch-up growth occurs in the 

m ajority o f  SGA children (Karlberg and A lbertsson-W ikland, 1995, Hokken-Koelega 

et al., 1995). T he glucose induced insulin response in infants with catch-up growth is 

higher than that in children w ithout significant catch-up grow th, therefore infants with
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lU G R who show early and com plete recovery from lU G R m ay be at higher risk for 

the occurrence o f  m etabolic disturbances like insulin resistance and N ID DM  in 

adulthood (Colle et al., 1976) (Cianfarani et al., 1999). Early “adiposity rebound” , the 

point o f  maxim al leanness which is usually achieved at 5 to 6 years o f  age, m ay be a 

m arker for growth acceleration and cell hyperplasia which are exaggerated during 

catch-up growth in infants bom  follow ing lUGR (W hitaker et al., 1998). Therefore 

these infants may also have an additional risk o f  developing insulin resistance in 

adulthood.

These hypotheses are strengthened by the observations o f  various studies. In a study 

by Soto et al., insulin resistance was found only in the infants born SGA who 

achieved catch-up growth and not in infants born SGA who did not catch up or who 

were born AGA (Soto et al., 2003). Veening et al. found no differences in glucose 

tolerance and beta-cell function between SGA and AGA groups o f  children, however 

reduced insulin sensitivity was found in SGA children using hyperinsulinaem ic 

euglycaem ic clam p studies, especially in those with catch-up growth and a high BMI 

(Veening et al., 2002).

A large prospective case-control study by Leger et al. o f  1,500 young adults born 

between 1971 and 1985 in France, com pared those born SGA (birth weight < 10* 

centile) with those born AG A  (birth weight 25 ‘̂  -75“’ centile) between 1971 to 1985, 

and reported that insulin resistance was more prom inent in the SGA group (L eger et 

al., 1997).

Although catch-up growth has been associated with insulin resistance, in addition 

short (<5* percentile for height) prepubertal children born SGA have been show n to
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have abnorm al insulin sensitivity, tending towards insulin resistance, when com pared 

with short children bom  AGA (Hofm an et al., 1997). Using intravenous glucose 

tolerance test, Hofm an et al. com pared 15 short prepubertal children who had been 

bom  follow ing lU G R  (with birth weight < 10*'’ centile) with 12 children o f  normal 

birth w eight, and found the insulin sensitivity index to be significantly decreased in 

the former. In addition the acute insulin response revealed higher insulin levels in the 

lUGR group, but there was no difference in glucose effectiveness between the two 

groups (H ofm an et al., 1997). Sim ilarly Arends et al. show ed that m ean insulin 

sensitivity levels in short SGA children was significantly reduced com pared to short 

AGA controls. M ean acute insulin response (AIR) was also significantly higher in the 

SGA children and these differences between the two groups rem ained significant after 

adjusting for age and BMI (Arends et al., 2005).

Furtherm ore, with the increasing adiposity o f  puberty, such children could develop 

significant insulin resistance. S im ilar to term infants born SGA, preterm  infants born 

SGA have also been shown to have an isolated reduction in insulin sensitivity 

(Hofm an et al., 2004). In contrast however, in a case-control study by Cianfarani et 

al., 26 children born SGA did not have altered insulin sensitivity when com pared with 

26 auxologically identical AGA subjects, but did show significantly lower glucose 

levels (C ianfarani et al., 2003). In addition, C ianfarani et al. found higher thyroid 

stim ulating horm one (TSH) concentrations in SGA children who had failure o f  catch

up growth, leading the authors to propose that intrauterine reprogram m ing may 

involve thyroid function, affecting postnatal growth and cholesterol metabolism , 

thereby increasing the risk o f  later cardiovascular disease (C ianfarani et al., 2003).
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1.5.3.3 Influence o f gestational age -  growth in premature infants

Poor growth, regardless o f  w hether it occurs during antenatal or early postnatal life, is 

associated with increased risk to long-term health. It is know n that fetuses destined to 

deliver preterm  do not reach their individual growth potential in utero (Bukowski et 

al., 2001) and that variation in birth weight may be determ ined, at least in part, by 

fetal growth in the first 12 weeks after conception through effects on tim ing o f 

delivery and fetal growth velocity (Bukowski et al., 2007). However, very preterm 

infants are exposed to extra-uterine life during a period that is norm ally characterised 

by rapid intrauterine growth. W elberg and Seckl, who review ed the studies by Barker, 

suggested that the Barker hypothesis could be m ediated by fetal brain program m ing or 

im printing from high levels o f  glucocorticoids in utero (W elberg and Seckl, 2001). 

Both antenatal (used in the m anagem ent o f  anticipated preterm  delivery) and postnatal 

steroid adm inistration (used in the m anagem ent o f  chronic lung disease) may also 

have a role in growth outcom es. As infants who are born very small or very early are 

more likely to have a range o f  morbidities, particularly neurological, respiratory and 

gastrointestinal (Bernstein et al., 2000, M urphy et al., 1995) and have a greater risk o f  

dying during the first year o f  life (Law, 2002), antenatal steroids are now 

recom m ended in any lU G R fetuses in whom delivery is anticipated prior to 34 weeks 

gestation (B aschat and Hecher, 2004). A m eta-analysis Crowley in 1995 has 

concluded that overall antenatal corticosteroids reduce the odds o f  developing 

respiratory distress syndrom e by approxim ately 50%, and th is also has consequences 

for both neonatal m orbidity and mortality rates (Crow ley, 1995). Therefore use o f 

corticosteroids either antenatally or postnatally m ay further alter growth in infants 

born prem aturely, along with the effects o f various perinatal com plications and 

m orbidities recognised in these infants.



Antenatal corticosteroid adm inistration may be associated with a reduction in birth 

w eight and head circum ference which are independent o f  o ther predictive factors 

(Thorp et al., 2002). In addition, it has been associated with a reduction in head 

circum ference even after controlling for birth weight; and the effect on birth weight 

and head circum ference increases with advancing gestational age (Thorp et al., 2002). 

M any studies have looked at follow-up growth in children bom  prematurely. 

C om paring children born prem aturely (< 32 weeks) with standardised Dutch growth 

charts at tw o years corrected age, Rijken found significantly shorter length, lighter 

w eight and sm aller w eight-for-length. Head circum ference was com parable with the 

reference group. Low er birth w eight SDS was associated with significantly lower 

growth in all param eters. Postnatal use o f  dexam ethasone to prevent chronic lung 

disease in this cohort was negatively associated with all growth param eters especially 

head circum ference; however no associations were found between the cum ulative 

dose, duration o f  treatm ent or age at start o f  dexam ethasone and growth (R ijken et al., 

2006). R ijken’s findings are backed up by studies by Yeh who found im paired growth 

(length and head circum ference) at two and eight years o f  age after dexam ethasone 

use (Yeh et al., 2004). In contrast Rom agnoli et al. have reported no differences at 3- 

years corrected age in prem ature infants with or w ithout dexam ethasone (Romagnoli 

et al., 2002b, Rom agnoli et al., 2002a). R ijken’s group however, note that cum ulative 

dose o f  dexam ethasone was high at the tim e the children were treated (1996/1997) in 

com parison with the cum ulative dosage in presently used short courses. MRI findings 

at term -corrected gestational age show a 35%  reduction o f  cortical grey m atter in 

infants w ho received postnatal dexam ethasone com pared to those who did not 

(M urphy et al., 2001).
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Despite slow grow th in infancy, the majority o f  preterm  infants catch up into the 

norm al range for height as well as weight over several years (Bracewell, Arch Dis 

Child Fetal N eonatal Ed 2007). However, the acceleration that follows the period o f  

suboptim al grow th in utero or infancy also increases risk. W hat is not known is the 

optim al growth velocity during recovery (Vasu and M odi, 2007). There is also 

increasing evidence that accelerated growth increases the risks o f  adverse m etabolic 

and cardiovascular outcom es in adult life. Reports include increased risk o f  obesity 

(Ong et al., 2000), visceral adiposity (Ekelund et al., 2006), m etabolic risk scores 

(Ekelund et al., 2007), insulin resistance (Singhal et al., 2003), dyslipidaem ia (Singhal 

et al., 2004), hypertension (Singhal et al., 2007) and coronary heart disease (Eriksson 

e ta l., 1999).

W hen it com es to m anagem ent o f  the preterm infant born AGA, other issues, such as 

extrauterine growth restriction, m ay come to light. Extra-uterine growth retardation 

(EU GR) often results in these infants who shift energy expenditure from grow th- 

prom oting activities in order to cope with increased requirem ents. Regardless o f  

w hether a prem ature child is born SGA or not, as a result o f  EUGR very preterm 

infants tend to end up “small at term ” (SAT) corrected-gestational-age. A 

considerable proportion (25% ) could even be classified as SGA at this stage. 

Estim ated fetal w eight standards m ay be a more appropriate goal for preterm infants 

than postnatal growth curves. However, since m any extrem ely low birth w eight 

infants are discharged from the N ICU  below the m edian body weight o f  a fetus o f  the 

same postm enstrual age plotted on a body-weight-based growth chart, they would be 

even further below the m edian if  plotted on an EFW -based growth chart. However, as 

there are inherent errors associated with derivation o f  EFW -based growth charts.
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reference curves based on birth weight which are in current clinical practice are 

probably preferable for use at present (Ehrenkranz, 2007). Approximately 10% of 

very preterm (< 32 weeks gestation) children have a height <-2 SDS at 4-5 years of 

age. This is which is similar to the proportion o f term SGA infants who do not show 

postnatal catch-up (Niklasson et al., 2003, Knops et al., 2005). Hence, it has been 

suggested that GH should be offered to ex-preterm children, who were small at term 

and who have persistent short stature at age 4-5 years, in spite o f the exclusion o f this 

indication from the current GH licence (Wit et al., 2006).

1.5.4 Infant Nutrition

Attention has recently turned to the importance o f nutrition in the first year o f  life on 

early childhood growth. This is emphasised by the marked difference in growth rates 

between breast-fed and bottle fed infants. In the ALSPAC study there was no 

difference in size at birth in breast-fed infants compared to bottle-fed infants but the

former grew more slowly during infancy (Ong et al., 2002b). Current WHO

recommendations are to encourage exclusive breastfeeding until the age o f 6 months. 

This also has added immunological advantages (World Health Organization, 2007a). 

In term bom infants the growth performance o f those breast-fed is now considered the 

gold-standard, although growth velocity is slower than that o f  formula-fed infants 

(Vasu and Modi, 2007). A number o f studies also report effects o f  early diet on

cognition (Lucas et al., 1992) (Hurtado et al., 1999). A recent meta-analysis by

Anderson et al. has indicated that, after adjustment for appropriate key cofactors such 

as socioeconomic status or maternal education, breast-feeding was associated with 

significantly higher scores for cognitive development than was formula feeding 

(Anderson et al., 1999). O f particular note was the fact that low birth weight infants
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show ed larger differences, suggesting that premature infants derive m ore benefits in 

cognitive developm ent from breast milk than do full-term  infants. In addition, the 

cognitive developm ental benefits o f  breast-feeding increased with duration (Anderson 

et al., 1999). The A LSPA C  Group and others have described the protective effects o f  

breastfeeding in avoiding excess infant weight gain, childhood obesity and higher 

blood pressure (O ng et al., 2002b, M artin et al., 2004) (Reilly et al., 2005).

D ietary energy intake in bottle-fed infants at the age o f  4 m onths has been reported to 

predict infant w eight gain and childhood BMI (Ong, 2006, Ong et al., 2002b). 

Sim ilarly, a system atic review by Huxley et al. concluded that accelerated postnatal 

growth is also associated with raised blood pressure (H uxley et al., 2000).

A nim al studies have shown that postnatal dietary interventions that attenuate catch-up 

growth not only increase longevity but also protect against the added risks posed by a 

high carbohydrate, high fat diet later in life (Vasu and M odi, 2007). G uidelines as to 

how, when or w hether to safely intervene to avoid over-rapid w eight gain during the 

first m onths o f  life are, as yet, very unclear (Ong, 2006), and inappropriate w eight 

restriction m ay in fact be harmful for short-term health (V ictora et al., 2001). In 

addition, the optim um  pattern o f  postnatal growth after extrem ely preterm birth is 

unknown, and both growth restraint and growth acceleration are associated with 

beneficial as well as adverse outcom es (Vasu and M odi, 2007).

Long-term  follow -up o f  two randomized trials o f  nasogastric tube-feeding o f  

prem ature infants report an association between higher caloric content and adverse 

effects on body size and risk o f  m etabolic syndrom e in later life (Singhal et al., 2001,
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Singhal et al., 2003). In the first paper, consum ption o f  form ula instead o f  hum an milk 

in infancy was shown to increase diastolic and m ean arterial blood pressure in later 

life (Singhal et al., 2001). S inghal’s second study looked at fasting 32-33 split pro

insulin (a m arker o f  insulin resistance) levels. It found lower concentrations in 

preterm  infants fed a lower-nutrient diet who gained w eight slow er in the first two 

weeks o f  life versus those babies fed a nutrient-enriched diet (Singhal et al., 2001, 

Singhal et al., 2003).

1.5.5 Body Composition, Size at Birth and Size in Later Life

Recent studies show  continuing secular trends in increasing rates o f  obesity in adults 

and young children in Ireland and in the UK (D epartm ent o f  Health, 2005). D ata from 

recent surveys indicate that one in five Irish boys and girls is overw eight and one in 

twenty is obese (Irish Health Prom otion Unit, 2007). W orryingly, the age o f  onset o f  

obesity in children across the world is falling and a child is tw ice as likely to be an 

obese adult if  obese in childhood (W orld Health Organization, 1997). The 

International Obesity Taskforce (lOTF) has reported that one in 10 children is 

overw eight, a total o f  155 m illion worldwide. Around 30-45 m illion w ithin that figure 

are classified as obese - accounting for 2-3%  o f  the w orld ’s children aged 5-17. A 

further 22 m illion younger children are also affected according to previous lOTF 

global estim ates based on W HO data for under fives (International Obesity Task 

Force, 2007).

Overall, higher birth weight, adjusted for gender and gestational age, w eakly predicts 

larger childhood and adult body size and BMI (Ong, 2006). However, when body
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com position and distribution o f  body fat are exam ined, these em erge as more 

im portant determ inants o f  obesity-related disease than body w eight or BM I. These 

abnorm alities in body com position are greatly enhanced when low birth weight 

(LBW ) is follow ed by rapid postnatal w eight gain. Total body fat was also shown to 

be highest in individuals with LBW  and high current weight. Barker also showed a 

relationship betw een LBW  and increased subscapular-to-triceps skinfold thickness 

ratio in adolescent girls (B arker et al., 1997) and am ong m en born in Hertfordshire 

and Preston, England, after adjustm ent for current BML m ean waist-to-hip ratio 

increased with decreasing birth weight (Law et al., 1992). A ffluence may also have a 

role. In Pune, India, fetal growth restriction is associated with increased central fat at 

age 8 years in affluent urban children, but not in poor rural children (Yajnik, 2000). In 

the developing world rates o f  obesity are increasing faster in urban than in rural areas. 

A ssessing children born SGA for skinfold thickness and arm circum ference 

m easurem ents, Hediger found a higher percentage o f  body fat in these children from 

ages 2 to 47 m onths, due to  reduced lean tissue mass in children bom  SGA com pared 

with children born A G A  and LGA (H ediger et al., 1998a). There was a persistent 

overall deficit in m uscularity (m id-upper arm circum ference and m id-upper arm 

m uscle area) o f  approxim ately -0.50 SDS in the children born SGA (defined as BW 

<10'’’ percentile for gender and gestation). At all ages, com pared with children and 

infants born AG A , infants and children born SGA showed no significant differences 

in subcutaneous fatness. In fact, there was a tendency in the first year for SGA infants 

to have significantly higher arm -fat index com pared with AGA infants. The children 

bom  LGA (> 90‘̂  percentile) were shown to have persistent increased m uscularity, as 

well as less o f  an excess o f fat m ass com pared to AGA children (H ediger et al., 

1998a). U sing m id-upper arm anthropom etry and indices, Yau and Chang followed 38
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preterm infants born SGA  from birth to a corrected gestational age (CGA) o f  37 to 40 

weeks and com pared the SGA infants with 193 infants at sim ilar postm enstrual ages. 

At birth the SGA infants were sm aller in all dim ensions (m id-upper arm 

circum ference, m id-upper arm m uscle and fat areas). H ow ever, a t 37 to 40 weeks 

CGA, the SGA infants still weighed less, were shorter, had sm aller head 

circum ference and had less m uscle mass (sm aller m id-upper arm  circum ference), but 

had skinfold thickness (fat mass) that was com parable (Yau and Chang, 1993). 

Growth in less m ature (31-33 weeks gestation) infants bom  SGA or those preterm 

SGA infants w ith an eventful clinical course, was sub-optim al com pared w ith other 

SGA infants in the same subgroup. Differences between postnatal enteral and 

placental nutrition or in energy utilization in preterm  infants born SGA are 

hypothesized to account for these observations (Yau and Chang, 1993). Thus preterm 

infants born SGA appear to disproportionately retain excess calories as fat, while 

protein reserves in the form o f  m uscle remain low. The sam e pattern m ost likely 

applies to grow th restricted infants born at term (H ediger et al., 1998a).

1.5.6 Insulin - l ik e  G rowth Factor-1 (IGF-1)

The insulin-like grow th factor-1 (IGF-1) is a peptide, structurally  related to  the insulin 

and proinsulin m olecules, which binds to specific receptors (type 1 IGF receptor) and, 

with lower affinity, to  insulin receptors, thereby acting as an insulin sensitiser. It is 

produced and secreted in the liver, as well as in many other organs, and regulation o f 

its production and release from the liver is mediated by GH (D elem arre et al., 2007). 

IGF-1 circulates in the blood bound to carrier proteins (the IGFBPs family) that 

regulate the bioavailability and bioactivity o f  IGF-1, also exerting IG F-independent
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actions. Levels o f  IGFBP-1 and lGFBP-3 are regulated by insulin and GH 

respectively (H w a et al., 1999). In contrast to the insulin-antagonist effects o f  GH, 

lGF-1 induces hypoglycaem ia by suppression o f  hepatic production o f  glucose and 

stim ulation o f  peripheral glucose uptake (D elem arre et al., 2007). During fetal life, 

serum IGF-1 levels are relatively low, increasing with gestational age (Leger et al., 

1996). In new borns, serum IGF-1 levels correlate with birth w eight and length; with 

lower IGF-1 concentrations in SGA com pared to  AGA infants (Leger et al., 1996, 

O gilvy-Stuart et al., 1998). However, recent reports have shown an inverse 

relationship betw een serum  IGF-1 levels in childhood and birth w eight (Ong et al., 

2002a, Cutfield et al., 2002, Garnett et al., 1999). In a study o f  317 children, Leger et 

al. showed a positive correlation between IGF-I increm ent and w eight gain during the 

first 3 m onths o f  life (Leger et al., 1996). N one o f  the biologic param eters at birth, 

however, were predictive o f  either later growth or o f  short stature at 2 years o f  age. 

The authors concluded that low serum IGF-I and IGFBP3 levels at birth were related 

to fetal m alnutrition and were not predictive param eters for later growth. A large 

study o f  1030 subjects by Juul et al., has shown a slow increase in serum lGF-1 and 

IGFBP-3 concentrations in early childhood, with a steep increase in puberty and 

thereafter, a decrease, while serum IGF-2 levels remain constant after the first 2 

weeks o f  life (Juul e ta l.,  1994, J u u le ta l .,  1995).

Children bom  follow ing intrauterine growth retardation (IUG R)/SG A who do not 

catch up have how ever been found to have lower than average IGF-1 levels in some 

studies (de Waal et al., 1994, Boguszewski et al., 1996, Leger et al., 1996). However, 

higher (Cutfield et al., 2002) or normal (W oods et al., 2002) IGF-1 and IGFPB-3 

concentrations com pared to short AGA controls (at m ean age 7-8 years) have also
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been reported. In addition, it has been proposed that short children bom SGA may 

have a degree o f lGF-1 resistance as higher basal and GH-induced IGF-1 levels are 

required to achieve a normal growth velocity (Chatelain et al., 1998). This hypothesis 

could explain why supra-physiological doses o f GH are required to significantly 

improve growth velocity and final height in children bom SGA who fail to catch up 

spontaneously (de Zegher et al., 1997b, de Zegher et al., 1999, Stanhope et al., 1991, 

Van Pareren et al., 2003a). Recent reports suggest that mutations in the IGF-IR gene 

are uncommon but potential causes o f intrauterine and postnatal growth failure 

(Abuzzahab et al., 2003). Growth problems due to IGF-1 gene polymorphisms and 

single copy o f IGF-1 receptor gene have also been identified (Johnston et al., 2003, 

Okubo et al., 2003).

1.5.7 Dual-energy x-ray absorptiometry (DXA)

DXA is a tool increasingly being used to assess body composition and bone mineral 

density with ever expanding applications in the area o f Paediatrics. From studies using 

dual-energy X-ray absorptiometry (DXA) in 70-75 year old men and women. Gale et 

al. have shown that low birth weight (LBW) is specifically associated with reduced 

lean tissue mass (Gale et al., 2001). Crabtree et al. performed a study o f  over 600 

school children and showed that the relationship between height and lean body mass, 

and lean body mass and bone mineral content can be a useful method for diagnosing 

osteoporosis in children. These relationships can be used to identify if the primary 

abnormality is in muscle or bone (Crabtree et al., 2004). However, no specific 

relationship between muscle or bone abnormalities and LBW/SGA was explored. As 

observed by Hediger et al., SGA infants remain smaller and LGA infants larger in size 

through early childhood. However the discrepancies in weight are primarily

59



attributable to differences in lean body m ass (m uscularity) (H ediger et al., 1998a). In 

addition, de Zegher has reported that children bom SGA w ho com pleted catch-up 

growth at the age o f  2 years continue to accum ulate excess central fat, as assessed by 

DXA, over the follow ing 2 years, despite lack o f  further catch-up in overall height or 

weight (de Z egher et al., 2006).

Bone mineral content (BM C) in adults has positively correlated w ith w eight at one 

year o f  age in several studies (C ooper et al., 1995, C ooper et al., 1997, Dennison et 

al,, 2005, W eiler et al., 2002). O ther studies have show n a positive correlation 

between birth w eight and BM C (Dennison et al., 2005, G ale et al., 2001, Antoniades 

et al., 2003, Y arbrough et al., 2000).

1.5.8 Neuro-developmental and Psychosocial issues in SGA

Birthweight and postnatal growth are independently associated with cognition 

(Richards et al., 2002). SGA w as one o f  the factors associated with a reduction in 

neuro-developm ental im pairm ent at 18-24 months corrected age in form er extrem ely 

low birth weight infants reported by The N ICH D  N eonatal Research N etw ork (Vohr 

et al., 2004). In the short term, reduced m uscularity in infancy and early  childhood 

could be associated with delays in m otor developm ent (upright locom otion and 

exploratory behaviour). For exam ple, preterm infants born SGA are m ore likely to 

show deviant walking quality when com pared to AGA preterm  infants and term 

infants (de G root et al., 1997).

Cognitive im pairm ent is independently associated with low birth weight, short birth 

length and small head circum ference for gestational age. The effect is m oderate but 

significant. Lack o f  catch-up in height and/or head circum ference is associated with
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w orst outcom e (Som m erfelt et al., 1998, Lundgren et al., 2001). There have been 

conflicting results on the psychosocial impact o f  short stature on children’s w ellbeing 

(van der R eijden-Lakem an et al., 1996, Sandberg et al., 2004); how ever children born 

SGA have show n increase in head circum ference and significant im provem ent in IQ 

scores, behaviour and self-perception over tim e in a G H -treated cohort com pared with 

untreated controls (van Pareren et al., 2004, A rends et al., 2004). Com paring self- 

concept m easures o f  short children born SGA with a non-SG A  Dutch school sam ple 

showed significant im provem ent in “social acceptance” and “general self-w orth” 

scores follow ing tw o years o f  GH treatm ent (van der Reijden-Lakem an et al., 1996). 

Q uality o f  life in adolescents born SGA with G H-induced im provem ent in height has 

also been show n to be better in m any aspects when com pared to untreated adolescents 

born SGA (B annink et al., 2005).

1.5.9 Puberty

There is increasing evidence to suggest a link between puberty and prenatal growth. 

An earlier and shorter period o f  puberty could contribute to the decreased fm al height 

in SGA children (Ibanez et al., 2000). The prom inence o f  a history o f  SGA and 

prem aturity am ong children presenting with precocious pubarche suggests that the 

prenatal and/or postnatal stress to which these infants are subjected m ay induce 

perm anent reprogram m ing o f  the endocrine and m etabolic pathways (N eville and 

Walker, 2005).

Girls bom  SGA have sm aller uterine and ovarian volum es (Ibanez et al., 2000). Large 

epidem iological studies o f  girls born SGA com pared with AGA girls have shown an 

earlier start o f  puberty as assessed by age o f  m enarche. However, it was still within
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the normal range (Adair, 2001, dos Santos Silva, 2002, Lazar et al., 2003) and rate o f 

postnatal catch-up growth associated with hyperlipidaem ia and excess adiposity 

appears to play an important role in age o f  m enarche (Adair, 2001, Sloboda et al., 

2007). In one study the association between birth w eight and age at menarche 

disappeared after controlling for growth in infancy (dos Santos Silva, 2002). A more 

rapid progression o f  puberty am ong SGA girls com pared to AGA girls has also been 

described (Ibanez et al., 2000, Veening et al., 2004). Prem ature adrenarche (increased 

early androgen secretion before puberty) m ay predict later ovarian hyperandrogen ism 

which is linked to  insulin resistance. This is proposed as a possible link between birth 

w eight and later adult health problem s. A num ber o f  case-control studies have shown 

an inverse relationship between birth weight and dehydroepiandrosterone sulphate 

(D H EAS) levels in prepubertal girls (Francois and de Zegher, 1997, Dahlgren et al., 

1998, Ibanez et al., 1999, Ghirri et al., 2001), and particularly in those who were born 

small and had rapid childhood weight gain had increased androgen levels com pared to 

those with norm al birth w eights (Ong et al., 2004b). In contrast, com paring short 

prepubertal SGA children with AGA children o f  normal stature in a large case-control 

study showed no relationship between size o f  birth and DHEAS levels (Boonstra et 

al., 2004).

C urrent evidence suggests that insulin resistance is a key m echanism  linking a post- 

SGA state to  early m enarche; hence, insulin sensitization m ay becom e a valid 

approach to prevent early m enarche and early growth arrest in girls born SGA (Ibanez 

and de Zegher, 2006).

Only a few studies address the tim ing o f  puberty in boys and in those studies no 

difference between SGA and AGA boys was reported (Lazar et al., 2003, Persson et 

al., 1999, Potau et al., 1999). H owever the studies are limited and lack longitudinal
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clinical data This m akes onset o f  puberty difficult to determ ine in boys. One study has 

shown boys born SGA to be at risk o f  high levels o f  follicle-stim ulating horm one 

(FSH) and low levels o f  inhibin B and a small testicular volum e during adolescence 

(Ibanez and de Zegher, 2006). In contrast however, another study has shown no 

association between sm allness at birth and adolescent m ale pituitary-testicular 

function (Jensen et al., 2007b).
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1.6 G r o w t h  H o r m o n e  T r e a t m e n t  in  SGA

Treatment is now available and licensed in the European Union for children bom 

SGA who have failure o f  catch-up growth and persistent short stature. The 2007 

recommendations o f  the jo int committee o f The Societies o f  Paediatric Endocrinology 

and the Growth Hormone Research Society are that for children bom SGA (birth 

weight ± length < -2SD) with severe growth retardation, defined as height < -2.5SDS 

at age 2-4 years, early intervention with growth hormone should be considered at a 

dose o f  35-70(ig/kg/day (Clayton et al., 2007). The difference between this consensus 

statement and the 2001 international consensus statement was that, in the latter, short 

stature was defined as height < -2SD (Lee et a!., 2003). In addition the age limit was > 

4yrs old. Height velocity should also be < 0 SDS and other causes o f short stature 

should have been excluded before GH treatment should be considered (Ibanez and de 

Zegher, 2006, de Zegher et ai., 2006).

In some European countries short children born SGA comprise a large group o f GH- 

treated children, accounting for 30% of new cases (Dutch Growth Foundation, 

Rotterdam, The Netherlands) (van Dijk et al., 2007).

GH treatment has been licensed to commence from the age o f  4 years (to allow time 

for any catch-up to occur), however the appropriate time to commence GH is 

controversial and few studies have examined the use o f GH in young children. A 

Spanish study looked at 76 children born SGA without catch-up, aged 2 to 5 years, 

who were randomized to receive GH at a dosage o f 0.06mg/kg/day for 2 years, or no 

treatment for 12 months followed by GH treatment for 12 months (Argente et al.,
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2007). Growth velocity SD score increased from -2.2 at baseline to 4.7 at 12 months 

in the GH group, whereas in the control group there was no change until year 2, 

reaching a mean value o f 5.2 at month 24. Children younger than 4 years in both 

groups had the greatest gain in growth velocity. Children younger than 4 years had a 

significantly greater effect o f GH versus those 4 years or older, not only for SD score 

but also in absolute increase in centimeters. There were no changes in insulin 

sensitivity associated with GH treatment.

1.6.1 Growth Hormone Status

Compared to controls, increased serum GH and decreased serum IGF-1 and lGFBP-3 

levels have been found among lUGR neonates. However none o f these 3 markers at 

birth has been found to be predictive o f later growth or persistent short stature at age 2 

years (Leger et al., 1996). Reports on the use o f GH in SGA have demonstrated a 

satisfactory growth response irrespective o f the aetiology o f  lUGR. However, a supra- 

physiological dose o f GH is required to produce a satisfactory anthropometric 

response in children born SGA. Disturbances o f the GH/IGF axis have been described 

in previous studies (de Waal et al., 1994, Albertsson-Wikland, 1989, Stanhope et al., 

1989, Boguszewski et al., 1995). But a large proportion o f  short children born SGA 

exhibit normal GH secretion on testing, and response to GH treatment appears 

unrelated to maximum GH levels following stimulation testing (Sas et al., 1999, 

Azcona et al., 1998). In addition, there is no clear relationship between GH, IGF-1 or 

lGFBP-3 status and spontaneous catch-up growth (Boguszewski et al., 1996).
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1.6.2 Growth Hormone Dosage/Growth Response

Studies to date have shown that the size o f  the final height gain is dependent on the 

GH dose, and in general high supra-physiological GH doses (2 or 3 times higher 

compared to the doses used in GH deficient children) are needed to overcome the 

IGF-I resistant state o f  children born SGA (Ranke et al., 2003, Coutant et al., 1998). 

The recommended dose o f GH varies between 35 and 67ng/kg/day. However, in some 

countries the lower dose is suggested as the initial dose, whereas other European 

countries suggest starting on the higher dose. Data from recent long-term studies 

indicate that children bom SGA can benefit from treatment with relatively high-dose 

GH (up to 67ng/kg/day) which if given from 4-6 years can reduce height deficit by 7- 

11cm (de Zegher and Hokken-Koelega, 2005).

1.6.3 The d3-Growth Hormone (GH) Receptor Polymorphism

A protein polymorphism o f the GH receptor (GHR) due to the genomic deletion o f 

exon 3 (d3-GHR) has recently been linked to the degree o f  grovvlh response to high- 

dose GH treatment o f  short children without GH deficiency including children born 

SGA and Turner syndrome. Several studies have found conflicting results in terms o f 

responsiveness to high-dose GH (0.058-0.066mg/kg/day) in association with the d3- 

GHR genotype (Binder et al., 2006) (Carrascosa et al., 2006); however, the latter 

study had significantly larger numbers and found no increased responsiveness with 

the d3-GHR genotype. Interestingly, a recent Danish follow-up study by Jensen et al. 

found decreased third trimester fetal growth velocity in children bom SGA who were 

carriers o f  the d3-GHR allele. In contrast however, overall in the whole cohort o f 

children born SGA and AGA the carriers o f the d3-GHR allele showed increased
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height and an increased spontaneous postnatal growth velocity com pared w ith carriers 

o f  the full-length GHR allele (Jensen et al., 2007a).

1.6.4 Safety of Growth Hormone Treatment in SGA

Overall GH treatm ent has been shown to have a good safety profile follow ing over 14 

years’ experience (Sas et al., 2001, Cutfield et al., 2006). R ecent com prehensive 

review s on the use o f  GH to final height internationally have concluded that GH 

therapy appears to be a safe and effective therapy in children bom  SGA who have 

failed to catch-up (Johnston and Savage, 2004) (Saenger et al., 2007). H ow ever due to 

the short history o f  its use in such children, there are lim ited international studies o f  

long term  safety o f  GH treatm ent in children bom SGA, and as its use is likely to 

increase in the com ing years, there is a need to ascertain the efficacy, optim um  dosage 

and safety o f  this treatm ent. Concern has been voiced regarding the late consequences 

o f  GH treatm ent on risk factors for type 2 diabetes and associated co-morbidities, 

especially given that SGA children may be predisposed to these conditions even 

without treatm ent (Hofm an et al., 1997, Jaquet et al., 2000, Veening et al., 2002, 

Arends et al., 2005, Phillips et al., 1994a). Hence the effect o f  G H  treatm ent on 

glucose m etabolism  in children born SGA is the main area o f  potential concern 

(Saenger et al., 2007). H ow ever there is increasing evidence that long-term GH 

treatm ent does not increase the risk for type 2 diabetes m ellitus and m etabolic 

syndrom e in young adults (van Dijk et al., 2007).

Since growth horm one (GH) increases IGF-I levels, concem  has been raised regarding 

its potential role as a cancer initiation factor. However, the epidem iological studies.
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which indicate an association between serum IGF-I levels and cancer risk, have not 

established causality  (Cohen et al., 2000).

Methods used to assess Glucose Homeostasis

A reduction in insulin sensitivity has been shown to be an early defect in the 

developm ent o f  type 2 diabetes (M artin et al., 1992). Children with reduced insulin 

sensitivity who m ay be at risk o f  type 2 diabetes later in life are unlikely to have 

impaired glucose tolerance on routine testing (Cutfield et al., 2003b). In 1979, Turner 

et al. proposed that concentrations o f  both basal plasm a glucose and insulin are 

regulated by a negative feedback loop between the liver and pancreatic beta cells 

(Turner et al., 1979). This hypothesis led to the developm ent o f  the hom eostatic 

model assessm ent (H O M A ) to provide an index o f  insulin sensitivity (M atthew s et al., 

1985, Hosker et al., 1985). HOM A assessm ent o f  insulin sensitivity takes into account 

the effect o f  variation in fasting blood glucose levels on insulin levels, and is now 

available in a structural com puter model (M atthew s et al., 1985). The HOM A model 

has been found to  com pare favourably with the other m odels to assess insulin 

sensitivity and resistance, and has the advantage o f  requiring only a single plasm a 

sam ple assayed for insulin and glucose (W allace et al., 2004), however it relies on 

robust prim ary input data and careful interpretation.

Growth hormone and insulin resistance

GH has an insulin-antagonistic effect, and reduces peripheral glucose uptake. Rizza et 

al. studied the insulin dose-response characteristics for suppression o f  glucose 

production and stim ulation o f  glucose utilisation and their relationship to m onocyte 

insulin binding in six normal volunteers after a 12-hour infusion o f  growth horm one
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and 12-hour infusion o f  saline (R izza et al., 1982). The authors then proposed that 

increases in plasm a GH within the physiologic range can cause insulin resistance, 

which is due to decreases in both hepatic and extra-hepatic effects o f  insulin (R izza et 

al., 1982). Those SGA children who have not caught up in growth in the early  years 

m ay be expected to have less insulin resistance, as the glucose induced insulin 

response as a m etabolic defense mechanism  to protect the organism  from 

hypoglycaem ia in infants w ith catch-up growth is higher than in children without 

significant catch-up growth (Colie et al., 1976) (C ianfarani et al., 1999, C ianfarani et 

al., 1998).

Some studies have shown that short children born SGA have reduced insulin 

sensitivity even before receiving GH (Hofm an et al., 1997, A rends et al., 2005, 

Veening et al., 2002). Children born SGA are characterized by reduced insulin 

sensitivity related to elevated levels o f  overnight GH secretion (V eening et al., 2002, 

Hofman et al., 1997, W oods et al., 2002). It is thus hypothesized that resistance to the 

som atotropic actions o f  GH and IGF-I in short SGA children m ay contribute directly 

to reduced insulin sensitivity. Reduced insulin sensitivity has been reported to be 

further reduced during GH treatm ent, but appears to be reversible following 

discontinuation o f  treatm ent (van Pareren et al., 2003b, H okken-K oelega et al., 2004), 

de Zegher et al., 2002). H ow ever this means that insulin sensitivity (in addition to 

height velocity) should be m onitored closely when treating children bom  SGA with 

GH.

Other effects of Growth hormone

There are over 30 published studies showing an association betw een lower 

birthweight and higher blood pressure. Children born SGA have a higher systolic
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blood pressure and are more often hypercholesterolaemic (Sas et a!., 2000, Tenhola et 

al., 2000). GH has also shown beneficial effects on blood pressure, lipid profiles (van 

Dijk et al., 2007, Hokken-Koelega et al., 2004), body composition, bone mineral 

density and head growth (Hokken-Koelega et al., 2004). No negative influences on 

pubertal age o f  onset, progression, duration or pubertal height gain have been 

reported. The discontinuation o f GH does not affect blood pressure, body composition 

or atherogenic index, suggesting that GH therapy might have a positive effect on these 

parameters which might last even after discontinuation o f  therapy (Hokken-Koelega 

et al., 2004). O f note, in van Dijk’s cohort, 32% o f untreated young adult controls 

versus none o f  the GH-treated subjects had an increased blood pressure.

1.6.5 Bone Age

Although radiological assessment o f skeletal maturation is routinely performed in 

children with short stature, predictors o f adult height based on estimates o f  bone age 

are unreliable in children born SGA with short stature (de Zegher et al., 2000, Coutant 

et al., 1998). However, bone age has been shown to be normal or delayed in children 

born SGA. GH treatment is associated with an advancement o f bone age. Some 

reports in the literature show that acceleration o f  bone maturation depends on GH 

dose (de Zegher et al., 1997a), whilst other studies have shown acceleration o f bone 

maturation regardless o f the GH dose given (Arends et al., 2003, Sas et al., 1999). In 

an open-labelled, controlled multicentre study o f  87 short prepubertal SGA children 

by Arends et al., a 1-year delay in bone age was found at baseline, which persisted 

after 3 years in the untreated children. The GH treated (0.033mg/kg/day) children 

showed an initial advancement in bone age, but after 3 years this advancement 

decelerated such that no significant difference in bone age was found when compared
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with the untreated control group. During the entire 3-year period, bone age advanced 

by 3.2 years in the untreated group and by 4.3 years in the G H -treated group (Arends 

et al., 2003). In a retrospective analysis o f  GH -treated short SGA children, m ean 

progression o f  bone age was 1 year during 1 year o f  GH treatm ent although there was 

large inter-individual variation (Arends et al., 2004).

1.6.6 Silver Russell Syndrome

Silver Russell syndrom e (SRS) is associated with lU G R and being born SGA. C lear 

diagnostic criteria for SRS have not been established. SRS is a spectrum  o f  

phenotypes and it is relatively straightforw ard to recognise the classic case. Short 

stature follow ing lU G R /SG A  with subtle dysm orphic features however, can be more 

challenging to classify. Lai diagnosed SRS with the presence o f  three o f  the following 

features: low birth w eight (> 2 SD below the m ean adjusted for m aternal stature, 

gestation, ordinal position o f  the child, and gender), short stature, a characteristic 

craniofacial appearance as described by Russell, (Ahm ed et al., 2005), limb, body, or 

facial asym m etry, and clinodactyly (Lai et al., 1994). Price reevaluated 57 patients in 

whom the d iagnosis o f  SRS had been considered definite or likely, and in 50 patients 

the clinical findings com plied with a very broad definition o f  SRS (Price et al., 1999).

By contrast to the approxim ately 86% o f  children born SGA who catch up during the 

first tw o years o f  life (A lbertsson-W ikland and Karlberg, 1994, A lbertsson-W ikland 

and Karlberg, 1997), children with SRS have a m arked deceleration in postnatal 

growth and rem ain small during childhood, growing at a slow er rate than norm al and 

having an earlier pubertal growth spurt o f  sm aller m agnitude than in norm al children 

(Tanner et al., 1975, Davies et al., 1988). Overall these factors result in a lower final
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height than genetic potential with a m ean final height o f  -3.6SD S (T anner et al., 1975, 

Davies et al., 1988). Bone age is usually delayed in early childhood, but it approaches 

norm ality as it increases faster than chronological age and the result is a progressive 

decrease in height for bone age SDS. Hence bone age delay does not translate into 

increased final stature in children with SRS (Tanner et al., 1975). A num ber o f  clinical 

com plications o f  SRS can further contribute to poor growth in infancy and childhood: 

(i) H ypoglycaem ia in early life m ay be related to poor appetite, feeding problem s as a 

consequence o f  high arched palate, gastrointestinal dysm otility or GH insufficiency 

(Christoforidis, 2005). (ii) Nocturnal sweating is com m on in children with SRS 

predom inantly during the first year o f  life, and although this m ay be part o f  the 

clinical syndrom e, it m ay also be related to nocturnal hypoglycaem ia (Azcona and 

Stanhope, 2005). Recurrent nocturnal hypoglycaem ia m ay also be related to impaired 

educational progress that often occurs with SRS (Stanhope et al., 1998). (iii) There is 

also a reported incidence o f  gastrointestinal problems in children with SRS o f  77%; 

including gastro-oesophageal reflux, food aversion and oesophagitis (Anderson et al., 

2002). (iv) A sym m etry, which varies in extent and severity, occurs in approxim ately 

60%  o f  cases o f  SRS and com pensatory spinal scoliosis often results (Silver et al., 

1953).

M any studies have analysed GH secretion in children born SGA, and all have 

dem onstrated a higher incidence o f  GH insufficiency in this group (Rochiccioli et al., 

1989). In children with SRS however, a characteristic abnorm ality o f  only a single 

nocturnal GH pulse was found in m any children with SRS, in com parison with non- 

dysm orphic grow th retarded children (Ackland et al., 1988). It is still to be determined 

whether hypoglycaem ia and extensive nocturnal sw eating which is reported in 

children with SRS is due to this nocturnal GH pulse abnorm ality.
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Children with SRS have been shown to have a short-term  response to GH, 

independently o f  w hether there is GH insufficiency or sufficiency, w hich suggests 

that the observed abnorm alities in growth horm one secretion m ay have little relevance 

to the aetiology o f  the growth failure (Stanhope et al., 1998). A problem  in the 

literature is that m any authors have included SRS patients as part o f  a general group 

o f  SGA patients, extracting results which are not so representative o f  this unique 

group o f  SRS children (Christoforidis, 2005). In contrast to non-dysm orphic children 

born SGA treated with GH, there is som e case report data to suggest that children 

with SRS m ay sustain an increased growth rate, even after GH treatm ent is stopped 

(A zcona and Stanhope, 1999). It m ay thus be that continued GH treatm ent until final 

height is unnecessary in contrast to those with non-dysm orphic lU G R /SG A  and that 

short term GH treatm ent may be an option in SRS patients (Stanhope et al., 1998). 

Predictors o f  response to GH after three years in children with SRS are low birth 

weight SDS, low height SDS for chronological age and presence o f  catch-up growth 

(R akover et al., 1996). H owever data on final height is lim ited in this group. Rapid 

growth acceleration with GH treatm ent has not been associated with accentuation o f 

any skeletal m alform ation and does not alter lower limb asym m etry in children with 

SRS (Rizzo et al., 2001).

1.7 T h e  I r is h  P e r s p e c t i v e

To date there have been no large studies on risk factors for lU G R/SG A  using the 

definition agreed by international consensus (C layton et al., 2007, Lee et al., 2003), 

nor have there been studies o f  outcom es in children born SGA in Ireland. In addition
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there have not been any studies conducted to identify those children born SGA who 

m ay be at particular risk o f  problem s into adulthood. T he recent recom m endations o f  

the jo in t com m ittee o f  T he Societies o f  Paediatric Endocrinology and the Growth 

Horm one Research Society are that children bom  SGA should have length, weight 

and head circum ference m easured every 3 m onths in the first year, and every 6 

m onths thereafter, and that those who remain short by 2 years o f  age should be 

investigated for conditions that lim it growth (Clayton et al., 2007). To date this has 

not been routinely im plem ented in Ireland, with most children being discharged by 

neonatologists by 2 years o f  age (personal com m unication). From other follow up 

studies we know there is up to 10-15% chance that the child born SGA will not catch 

up in growth (as defined by height SDS < -2) (K arlberg and A lbertsson-W ikland, 

1995, H okken-K oelega et al., 1995, A lbertsson-W ikland and Karlberg, 1997), 

how ever clearly m any o f  these children are not represented at Paediatric 

Endocrinology clin ics Equally, as survival rates o f  preterm  infants im prove and in 

m any w ithout significant m orbidity early growth problem s, although not in 

them selves life-threatening, m ay become a concern addressed by nutritional 

supplem entation leading to  inappropriate rapid catch-up growth w hich puts the child 

at future adult health risks but is m asked by the fact they have reached “normal 

centiles” . However, no data exists on the prevalence o f  these problem s and on the 

clinical aspects o f  SGA in Ireland. There is also very little data available on the 

efficacy and safety o f  growth horm one which is a new treatm ent for children born 

SGA with persistent short stature.
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1.7.1 The North European Small for Gestational Age Study (NESGAS)

The North European SGA Study is a m ulticentre, m ulti-national clinical trial to 

evaluate the safety and efficacy o f  Growth H orm one treatm ent at varying doses in 

short children born SGA. Centres in Denmark, Ireland, Sweden and the UK are 

involved in the clinical trial. This will allow pooling o f  data during the course o f  the 

study. Specialised laboratories in Copenhagen, Denm ark and Cam bridge, UK are used 

for central analysis o f  lGF-1 and insulin sam ples respectively. The D epartm ent o f  

Endocrinology at the National C hildren’s Hospital, Tallaght, Dublin is the centre co

ordinating the study in Ireland.
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1.8 A im s  OF THE St u d y

T his study w as conducted in order to assess children bom  small for gestational age 

(SG A ) in Ireland w ho are at risk o f  two m ajor life-long problem s: short stature and 

m etabolic syndrom e.

The main aim s o f  the study w ere to;

(i) Identify the population o f  children born SGA in a large Dublin maternity 

hospital and evaluate possible contributory risk factors.

(ii) Evaluate growth and clinical data on a cohort o f  Irish children bom SGA at 

ages 4-6 years and identify those at risk o f  short stature, obesity and 

m etabolic syndrome.

(iii) Identify children born SGA with persistent short stature in the community.

(iv) To assess the efficacy and safety o f  Grow th H orm one treatm ent o f  children 

born SGA who have persistent short stature.

The results o f  this study will provide im portant inform ation on Irish children born 

SGA in relation to pregnancy, perinatal and clinical outcom es including auxological 

data at 4 to 6 years o f  age. This study will also provide new im portant data on the use 

o f  GH in children born SGA in relation to efficacy and safety.
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CHAPTER 2 PATIENTS AND METHODS

In order to identify the population o f  children bom SGA, a tw o year birth cohort 

database for the period July 1999-30^^ June 2001 w as accessed a tth e C o o m b e  

W om en’s Hospital, Dublin. In addition, children born SGA with short stature 

requiring treatm ent with growth hormone were identified through liaison with 

C onsultant Paediatricians nationally.

2.1 C a se  DEFINITION

Small for gestational age (SGA) was defined as a Birth W eight (BW ) o f  2 SDS or 

more below the mean (<- 2 SDS) for age and gestation. BW SDS was calculated using 

the cross sectional height and weight reference curves for the UK 1990 as the 

reference population (Freem an et al., 1995) as standardised birth w eight references are 

not available for the Irish population. All SGA infants with gestation > 28 weeks 

fulfilled the case definition. In order to achieve the objectives o f  this study the 

populations were divided into two main com ponents;

(1.) Coombe W om en’s Hospital Cohort - SGA Group 

(2.) Patients born SGA treated with Growth Hormone
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2.1.1 Calculation o f Gestational Age

C alculation o f  gestational age is made on the basis o f  date o f  last m enstrual period 

(LM P) given by the m other at the time o f  antenatal booking. This is also consistent 

with the procedure used in the CW H. In som e cases, wom en m ay not have booked 

their pregnancy at the hospital (‘late’ or ‘unbooked’ pregnancies) or m ay have been 

unsure o f  the date o f  LM P and gestation. For this reason infants with a biologically 

im plausible gestation docum ented on the com puter database (> 44 weeks) were 

excluded due to insufficient data.

2.2 P o p u l a t i o n  (1) -  C o o m b e  w o m e n ’s  h o s p i t a l  c o h o r t  (1/7/99-30/6/01)

The patient group to study was those children bom  small for gestational age (SGA) at 

the Coom be W om en’s Hospital (CW H ) during the two year period July 1999 to 

30"’ June 2001, with a gestation o f  greater than or equal to 28 weeks. A t the tim e o f 

the follow up review  these children were aged 4-6 years.

2.2.1 Identifying Patient Population -  Methods in Data Extraction

In order to identify the population o f  interest, the m other and infant patient database 

from the CW H  was accessed and examined, following approval by the Coom be 

W om en’s Hospital Ethics Com m ittee. Data pertaining to gestational age, gender and 

birth weight was used to select those infants fulfilling the case definition who could
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be contacted for follow  up. T he following infants were identified and excluded as 

follows:

•  Infants docum ented as intrauterine deaths or stillbirths.

•  Neonatal deaths - > 28 weeks gestation.

• Infants born < 28 w eeks gestation. These infants were excluded as it was 

believed that such prem ature infants would have had a com plicated neonatal 

course, leading to  com pounding variables possibly contributing to poor 

growth. In addition, data to calculate birth weight standard deviation scores is 

not available for gestations < 28 weeks. On consultation with a Consultant 

N eonatologist (D r M Sheridan-Pereira), it was also agreed that these children 

would be adequately followed up from a medical, growth and developm ental 

perspective until the age o f  2-4 years by virtue o f  their background history o f 

prem aturity and adm ission to Neonatal Intensive Care (NICU).

•  Infants with insufficient data. This group was com prised o f  infants with

unrecorded birth weights or gestation in whom BW SDS could not be

calculated and infants with Apgar scores o f 0 at 1 m inute and 5 m inutes 

w ithout docum entation o f  whether infant was born alive or not. The latter 

infants w ere excluded as Apgar score o f  0 at 5 m inutes w ould be inconsistent 

with a healthy live infant.

• Infants docum ented as having a fetal abnormality (diagnosed on antenatal 

ultrasound) or congenital m alform ations and syndrom es.
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2.2.2 SGA Group

From the rem aining infants, those with BW  SDS < -2 SDS w ere selected out using the 

LMS m ethodology o f  Cole (1990) (Freem an et al., 1995) UK references, determined 

for age and gender. This group was called “ SGA G roup” .

A num ber o f  approaches were then taken to exclude from this SGA G roup infants not 

yet identified from the CW H  database who m ay have died or had m ajor congenital 

anom alies or syndrom es. These children were then excluded from the cohort to be 

contacted. These children were identified as follows;

•  C ontact was m ade with the Irish office o f  Eurocat (European Concerted 

A ction on Congenital Anom alies and Twins), a European network o f 

population-based registries for the epidem iologic surveillance o f  congenital 

anom alies. The SGA Group was crossed referenced, by hospital num ber and 

date o f  birth, with the list o f  infants born at CW H  during the tim e period in 

question with congenital anom alies and/or who had died infancy. The type o f  

congenital anom aly as given by Eurocat was docum ented.

•  C ontact w as then made with the Child Health System s to identify any infants 

who m ay have died from any cause in the 4-6 years period since birth; these 

deaths m ay not have been reported to Eurocat. The list o f  infants was crossed 

referenced by name and date o f  birth with the list o f  deceased children for the 

tim e period in question.

•  The N ational Sudden Infant Death Register (o f  the Irish Sudden Infant Death 

A ssociation, the C hildren’s University Hospital, Tem ple Street, Dublin) was 

consulted in order to  exclude any possible cases o f  SIDS that m ay have 

occurred within the group.
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• A chart review was undertaken to establish the appropriateness or otherwise o f  

contacting the parents o f  infants who had been adm itted to the Neonatal 

Intensive Care (NICU) with complicated neonatal courses. The Consultant 

Neonatologist, Dr M argaret Sheridan-Pereira, was consulted for her opinion 

and a decision made whether to contact the mother or not. In each case, the 

reason for not contacting the m other was documented.

2.2.3 Patient Recruitm ent

Using the address on the database the m other o f  each infant within the cohort was 

written to in May 2005 and invited to attend with her child for auxological assessment 

at the Departm ent o f  Paediatric Endocrinology, The National C hildren’s Hospital, 

Tallaght (Appendix I). Attached to each letter was a questionnaire (Appendix II) 

pertaining to height, weight and developmental m ilestones o f  the child. The parents 

were requested to com plete the questionnaire and return it to us in a stamped 

addressed envelope. Contact details were also requested. The purpose o f  this was to 

establish whether parents were interested in attending for auxological assessm ent and 

to provide us with up-to-date contact details in order to m ake appointments. It also 

gave an opportunity for parents not interested in attending to provide us with current 

heights and weights on the child. To ensure maximum response, m others who did not 

reply to the letter sent in M ay 2005, were contacted again in October 2005. In the case 

o f  letters returned to us unopened and marked “not at this address”, attempts were 

made to obtain current addresses by consulting the Regional Health Authorities and 

Medical Card holders list and cross-referencing with our list o f  patients in question.
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2.2.4 Parent Interviews

On attendance the m other/father was interviewed in detail by the investigator (SO ’C) 

for antenatal and delivery history, neonatal course, childhood developm ent and health 

to date using a study sheet designed specifically for the study (Appendix III). 

Particular attention was paid to confirm gestational age and birth weight to ensure that 

it agreed with the database records. Attention was also given to possible factors 

contributing to the SGA, such as smoking in pregnancy, history o f  pre-eclampsia and 

whether lUGR was diagnosed during the pregnancy.

2.2.5 Patient Assessments

Each child was m easured and assessed by the investigator (SO’C) who had received 

training in Auxology (Certified Auxology Course at the Royal Hospital London). The 

child was m easured for standing height, sitting height, weight, and head 

circum ference (see section 2.4 Auxological M ethods). Parental heights were also 

measured. If  only one parent was in attendance, a reported height was accepted and 

documented as “ reported” .

The child was then examined clinically for signs o f poor nutrition or any medical 

conditions which would lead to poor growth. Incidental findings were dealt with by 

referral to the appropriate specialist where indicated (e.g. cardiac murmur, 

undescended testes). W here a child was found to have low weight or height, 

appropriate investigations were undertaken depending on the clinical findings in each 

patient (e.g. full blood count, coeliac screen, thyroid function tests, renal liver bone 

profile, growth hormone stimulation testing). Follow up assessment was arranged for 

any child w ho required further growth monitoring or referral to a dietician. In the
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cases o f blood analysis being performed and revealing no abnormality, the parents and 

General Practitioner were informed. Following each child assessment, the parents 

were informed o f  the child’s progress and a letter was sent to the General Practitioner 

informing him/her o f the child’s attendance and auxological measurements with a 

comment on any follow-up plans (Appendix IV).

2.2.6 Classification o f  Ethnic Origin

In order to determine ethnic groupings, the classification developed by the Perinatal 

Institute in the UK was used. This classification uses Geographical Ethnic Origin 

(GEO) and was used because the up-to-date census groupings were not available at 

the time o f analysis and do not meet requirements for medical data. In the perinatal 

field, this includes detailing maternal ethnic origin when assessing fetal growth, as is 

now also recommended by the Royal College of Obstetricians and Gynaecologists in 

the UK. It is used in the West Midlands UK customised growth chart software 

(Gestation Network, 2007) and the agree dataset o f MANNERS, the Maternal and 

Neonatal Electronic Recording System (NHS UK, 2003). This classification is not by 

race or ethnic group but by ethnic origin (Appendix V).

2.2.7 Classification o f  Socio-econoinic Group

Socio-economic group was defined according to the “Socio-economic groups - list of 

constituent occupations” provided by the Central Statistics Office and used for the 

national census. This is a classification of each occupation to one of ten specific 

socio-economic groups (introduced in 1996). In addition, a residual group entitled 

“All others gainfully employed and unknown” is included where sufficient details are
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not provided. The classification aims to group together persons with sim ilar social and 

economic statuses on the basis o f  level o f  skill or educational attainm ent required 

(Appendix VI).
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CHAPTER TWO 

METHODS





2 .3  P o p u l a t i o n  (2 .) P a t i e n t s  b o r n  SGA T r e a t e d  w i t h  G r o w t h  H o r m o n e

2.3.1 Patient recruitment

As GH is a relatively new  treatm ent for children born SGA, focus was first turned on 

raising aw areness o f  the condition and im portance o f  follow up and referral o f  

children born SGA with failure o f  catch-up growth. A letter was written to all 

Consultant Paediatricians in Ireland (list obtained from Royal C ollege o f  Physicians 

o f  Ireland) inform ing them  o f  the study and requesting that they refer any children 

with growth concerns (A ppendix VII). Attached to the letter were tw o scientific 

papers pertaining to the indications for treatm ent w ith GH in children born SGA 

(Johnston and Savage, 2004, Lee et al., 2003). Any letters received with queries from 

Paediatricians were prom ptly dealt with by return o f  post and, where necessary, 

further inform ation provided.

A presentation was made at the Faculty o f  Paediatrics Scientific m eeting on 4''’ March 

2005 to inform Consultant Paediatricians o f  the study and queries w ere addressed. A 

Study Day on Small for Gestational Age was organised in O ctober 2005 with a 

num ber o f  expert speakers in the field o f  N eonatology and Paediatric Endocrinology. 

All Consultant Paediatricians and Paediatric Trainees in Ireland were invited to the 

Study Day.

85



A letter was also sent to  the President o f  the Irish College o f  Genera! Practitioners 

(ICGP) inform ing him o f  the study should there be any queries from m em bers o f  the 

ICGP.

A search was done on the Paediatric Endocrinology departm ent database looking for 

children listed under a diagnosis o f  lUGR, SGA and Silver Russell Syndrom e. All 

consultant paediatricians and non-consultant hospital doctors at the National 

C hildren’s Hospital were informed o f  the study.

Patients referred to the clinic w ith a history o f  being born small for gestational age 

were seen by the investigator (S O ’C). Calculations o f  birth w eight SDS, current 

height SDS and height velocity SDS were made. Children w ere deem ed eligible for 

high dose (0.067m g/kg/day) growth horm one (GH) treatm ent as participants in the 

North European Small for G estational Age Study (N ESG A S) if  the follow ing criteria 

were fulfilled:

2.3,1.1 Inclusion criteria for G H  treatm ent within N E SG A S:

• Small for gestational age (BW  < - 2SD)

• G estational age at birth more than 28 weeks

•  Short at 4 years o f  age (height SDS < -2.5)

• Short for parental height (height SDS > 1 SD below M PH SDS)

• Age 4-8 years (girls) and 4-9 years (boys)

• Prepubertal at start o f  treatm ent (Tanner stage 1)

• Height velocity SDS < 0 during last 6 months

•  No previous GH therapy
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2.3.1.2 Exclusion criteria for GH treatment within NESGAS:

•  Known or suspected allergy to GH

• Previous participation in GH study

• Severe learning disability as judged by the investigator

• Previous or active malignancy

•  Benign intracranial hypertension (past or present)

• Diabetes or hypertension

• Psychological problems likely to lead to significant non-compliance

• Growth retardation secondary to chronic diseases, syndrom es {like fetal

alcohol syndrome) and chromosomal anomalies (except for Silver Russell 

syndrome).

2.3.1.3 Consent

Parents and child were given written information and documentation on the study 

prior to reaching a decision to have their child enrolled in the study (Appendix VIII 

and IX). A consent form was then signed by the parents once any questions had been 

addressed and the parents had at least 24 hours to consider the information (Appendix 

X).

2.3.1.4 Patients ineligible for inclusion in NESGAS

Patients, who were ineligible for inclusion in the NESGAS study due to the strict age 

limits were considered for treatm ent using the standard dose o f  GH (0.035mg/kg/day) 

if they fulfilled the other criteria and were expected to benefit from treatment.
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2.3.2 Investigations

Prior to com m encing GH treatment, height velocity based on two height 

measurem ents at the Departm ent o f  Paediatric Endocrinology at least six m onths 

apart, were required. I f  a child had been referred from the Departm ent o f  Paediatric 

Endocrinology o f  another hospital (e.g. Our Lady’s Hospital for Sick Children, 

Crum lin) the prior height m easurem ents could be used (as the same auxological 

m ethods are em ployed). O therwise the child would be seen again six m onths after the 

initial assessm ent to have auxology repeated and height velocity calculated.

Baseline

Each child underw ent the following investigations prior to GH treatm ent (Table 2.1).

•  Oral glucose tolerance testing (OGTT)

•  Intravenous tolerance testing (IVGTT) -  *NESGAS study patients only

•  Growth horm one stim ulation testing [ARG (1 patient), CLO (I patient), GLU 

(1 patient), ITT (5 patients) or L-DOPA (7 patients)]

• Full blood count, renal, liver, bone profile, thyroid function

• Bone age x-ray

•  Dual Energy X-ray Absorptiom etry (DXA)

Every 3 months

Height, sitting height, weight, head circumference, clinical examination including 

blood pressure m easurem ent and pubertal staging. Blood samples (IGF-I, IGFBP-3, 

H bA lc) (Table 2.1).
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T able  2.1 Schedule o f investigations for patients trea ted  w ith G H

Baseline Y ear 1 Y ear 2

DNA X

GH stimulation test X

Auxology X X (4 ) X (4 )

Clinical exam X X (4 ) X (4 )

IGF-I* & H bA lc X X (4 ) X (4 )

Bone age x-ray X X X

OGTT X X

IVGTT X X

DXA X X

* IGF-I assessed every 3 m onths. N um bers in 
assessm ents if d ifferen t from  I

parentheses refer to num ber of annual

O ne y ear following com m encem ent of GH trea tm en t

As for 3 m onthly assessment plus IVGTT, DXA scanning, bone age x-ray (Table 2.1).

Two years following com m encem ent o f G H  trea tm en t

As for 3 m onthly assessment plus OGTT, bone age x-ray (Table 2.1).

2.3.3 G row th  H orm one Dosage

If a child did not qualify for the study on the basis o f age (2 patients over age 10), the 

standard dose o f  0.035mg/kg/day GH was used. All other patients commenced GH at 

a dose o f  0.067mg/kg/day for the first year o f treatment. Dosing was adjusted every 3 

months according to weight. The background for this dosing regimen is based on the 

present indication and the existing literature and to easily detect non-responders.
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2.4 A u x o l o g i c a l  M e t h o d s

All growth m easurem ents followed the m ethodology recom m ended by Cam eron 

(Cameron, 1978) and were perform ed by the investigator (S O ’C) with the assistance 

o f  research nurse M s Elaine O ’M ullane.

•  Height w as m easured using the Harpenden stadiom eter at the Paediatric 

Endocrinology clinic and recorded to the last com pleted m illim etre. The 

stadiom eter was checked and re-calibrated regularly. Each child was measured 

standing straight in bare feet, held in the Frankfurt plane with gentle upward 

pressure applied under the mastoid process by the measurer.

• W eight was m easured using a Seca electronic self-calibrating scales which 

was checked regularly. Children were weighed to the last com pleted 0.1kg in 

bare feet and w earing only light clothing.

•  Birth w eight SDS, birth length SDS, height SDS, weight SDS, BMI SDS and 

head circum ference SDS were calculated using the LMS m ethod o f  Cole 

(Cole, 1990).

•  M id-parental height (M PH) was calculated by the formula:

M PH =  Father’s Height SDS + M other’s Height SDS

2

•  Height corrected for M PH was determ ined as (Height SDS) -  (M PH Height 

SDS)

• Body M ass Index (BM I) was calculated using the formula:

W eight (kg)

Height^ (m)

90



• Pubertal developm ent was recorded by the investigator (SO’C) using the 

m ethodology described by Tanner (1976) (Tanner and W hitehouse, 1976).

2.5 L a b o r a t o r y  M e t h o d s  

2.5.1 GH Stimulation Testing

Children who required GH stimulation testing, who had not been tested previously, 

had an Insulin Tolerance Test (ITT) or L-Dopa/Propranolol stimulation test at the 

National Children’s Hospital to assess peak growth hormone secretion. Some children 

referred from other institutions (eg Our Lady’s Hospital for Sick Children, Crumlin) 

had already had GH stimulation testing performed by different stimulation tests; 

Glucagon (N = I), L-Dopa/Propranolol (N = 1), Arginine (N = 1), C lonidine (N = 1), 

and analysis was done locally. I f  these tests were normal they were not repeated. In 

any case where the peak growth hormone was low (<15mU/L) an ITT was performed 

or repeated to confirm  the finding.

Samples from each individual were analysed in a single run. Each single run was done 

on separate occasions so that possible variability between assays must be considered. 

Results generated were expressed relative to WHO MIBSC International Standard 

98/574 for r-DNA Growth Hormone. The analyzer used for GH assays was the 

Immulite 2500 Analyzer for quantitative measurement o f human growth hormone in 

serum. Immulite 2500 Growth Hormone is a solid phase, two site chemilum inescent
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im m unom etric assay. T he reference range values were generated on the Im m ulite 

2000 analyser. Based on its relationship to Immulite 2500 Growth Horm one, the assay 

can be expected to have essentially the same reference ranges. The Im m ulite 2500 

assay em ploys the sam e reagent and bead formulation as Im m ulite 2000. All 

perform ance characteristics are equivalent between the 2 platforms. (Im m ulite 2500 

Growth H orm one was com pared to D PC’s Im mulite 2000 Growth H orm one on 75 

samples: concentration range approx 0.01 to 38ng/ml): M eans (Im m ulite 2500 

12.9ng/ml, Im m ulite 2000 12.2ng/ml).

Insulin Tolerance Test

The ITT was perform ed in the Departm ent o f  Paediatric Endocrinology by the 

endocrine nurse specialist and the investigator (SOC).

•  Patients were asked to fast from m idnight the previous night. An iv cannula 

was inserted and baseline blood sam ples taken for growth horm one, cortisol 

and glucose assays.

•  An insulin solution o f  20 units o f  Actrapid added to 19.8mls o f  0.9%  NaCI 

was given intravenously at a dose o f  0 .1 units/kg (0.1 mls/kg). If baseline blood 

glucose w as less than 3.5mmols, the insulin solution was given at a dose o f  

0.05m ls/kg.

•  Patients were closely observed for signs o f  hypoglycaem ia (drowsiness, 

faintness, sweating, tachycardia and decreasing levels o f  consciousness).

Blood sam ples were reserved for growth horm one, cortisol and glucose at t =

15 m inutes, t =  30 m inutes, t = 45 m inutes, t = 60 m inutes, t = 90 m inutes and 

t = 120 m inutes for assay in the laboratory.
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• Blood glucose was expected to fall to 50% o f  baseline or <2.2mmols. If  

sufficient hypoglycaemia did not result, a further 0.05mls/kg o f  insulin 

solution was infused.

• The cannula was flushed with 1ml o f  0.9% NaCl after each sampling and 

0.5mls o f  blood withdrawn and discarded prior to drawing samples. Patients 

were asked to remain supine during the test, and were not permitted to sleep.

• Hypoglycaemia was treated with oral dextrose or if severe with iv dextrose. 

With adequate hypoglycaemia, peak GH levels <15mU/L indicated growth 

hormone insufficiency.

L-Dopa/Propranolol test

The L-Dopa/Propranolol test was performed in the Department o f  Paediatric 

Endocrinology by the endocrine nurse specialist and the investigator (SOC). In one 

patient the test was performed at the Department o f Paediatric Endocrinology, Our 

Lady’s Hospital for Sick Children, Crumlin.

• Patients were asked to fast from midnight the previous night. An iv cannula 

was inserted and baseline blood samples taken for growth hormone, cortisol 

and glucose assays.

• L-Dopa 0.5g/l .73m^ and Propranolol 0.75mg/kg (to a maximum o f  40mg) 

were given orally.

•  Blood samples were reserved for growth hormone, cortisol and glucose at t =

15 minutes, t = 30 minutes, t = 45 minutes, t = 60 minutes, t = 90 m inutes and 

t = 120 minutes for assay in the laboratory.

• Patients were observed for possible side effects such as nausea, vomiting and 

hypotension.
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A rginine and G lucagon G row th H orm one stimulation tests were perform ed in the 

Departm ent o f  Paediatric Endocrinology O ur L ady’s Hospital for Sick Children by the 

endocrine nurse specialist. A nother patient had a C lonidine Grow th Hormone 

stim ulation test perform ed at the Departm ent o f  Paediatrics, Sligo General Hospital.

2.5.2 Insuiin-like Growth Factor-1 (IGF-1)

For patients not included in the NESGAS study, IGF-1 sam ples were analysed at the 

G uildford Peptide H orm one Laboratory, Royal Surrey C ounty Hospital, Guildford,

UK. IGF-1 w as m easured using the N icholls A dvantage autom ated im munoassay 

analyser. Specific age-related references were provided with each result (nm ol/L) 

(Appendix XI).

All patients included in the NESGA S study had lGF-1 sam ples analysed by 

radioim m unoassay as described by Juul et al, at the Departm ent o f  Growth and 

Reproduction, R igshospitalet, Copenhagen, Denmark (Juul e ta l. ,  1994). Results were 

age-related, given in ng/m l and the IGF-1 SDS plotted on a graph and SD scores 

calculated using the references o f  Juul et al. (Juul et al., 1994).

For the purposes o f  analysis, lGF-1 levels were converted from nm ol/L to ng/ml using 

the appropriate conversion factor (m m ol/L ^  0.13 = ng/m l) as per the conversion 

factor quoted by DPC Im m ulite 1 based on the m olar size o f  IGF-1 and confirm ed by 

both analysing laboratories.
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2.5.3 Glucose Homeostasis

2.5.3.1 Glucose and Glycosylated Haemoglobin A le  (H bA lc)

Plasm a glucose sam ples were processed in the B iochem istry Laboratory at the 

National C hildren’s H ospital, Tallaght using the glucose hexokinase m ethod on the 

Roche M odulars IPPE analyser. Results were given in m mol/L.

H b A lc  sam ples were processed in the Haematology Laboratory at the National 

C hildren’s H ospital, Tallaght using the TOSOH H b A lc  2.2 analyzer which uses HP 

Liquid C hrom atography. Results were given as a percentage (norm al reference range 

4.6-5.8% ).

2.5.3.2 Oral Glucose Tolerance Test (OGTT)

•  Patients were told to fast from m idnight the previous night after prior norm al 

carbohydrate intake.

• An iv cannula was inserted and baseline fasting blood glucose and insulin was 

taken.

• Oral glucose at a dose o f  1.75g/kg body w eight was given over approxim ately 

3-5 m inutes (m axim um  75g).

•  B lood glucose and insulin sam pling was repeated at t =  +60 m inutes and t =

+ 120 m inutes and sent for assay to the laboratory.

•  Follow ing the procedure, the cannula was rem oved and the patient was given 

som ething to eat and drink.
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• Results were analysed using values from Consensus Guidelines 2000, ISPAD 

Consensus Guidelines for the Management o f  Type 1 Diabetes Mellitus in 

Children and Adolescents (ISPAD, 2000) and the WHO 1985 definition of 

impaired glucose tolerance (Table 2.2).

Table 2.2 Values for diagnosis of diabetes & im paired  glucose tolerance

Impaired fasting 

glycaemia (IFG)

Impaired glucose 

tolerance (IGT)

Diabetes

Fasting Plasma 

Glucose (mmoI/L)

>6.1 to < 7.0 N/A > 7 .0

2-Hour Plasma 

Glucose (mmol/L)

N/A 7 .8 -  11.1 > 11.1

*In asym ptom atic patients the diagnosis must only be made on the basis o f at least two 
separate abnorm al m easurem ents of significant hyperglycaemia; N/A = not applicable

2.5.3.3 In travenous Glucose Tolerance Test (IV G TT)

The short IVGTT as described by Davis (Davis et al., 1992) was used in all patients 

who were included in the NESGAS study at both baseline and one year following GH 

treatment (Table 2.3). The 3-minute-insulin concentration and the incremental area 

under the insulin secretion curve (AUC) (0-10 minutes) IVGTT have been shown to 

be valid estimates o f insulin secretion. From the 10 minute IVGTT, the following 

parameters were estimated:

(1.) Insulin sensitivity from fasting glucose and insulin. Homeostasis Model 

Assessment (HOMA) -  see section 2.5.3.5

(2.) Insulin secretion from the acute insulin response (AUC above baseline)
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(3.) D isposition index, calculated as insulin sensitivity  X insulin secretion 

(degree o f  beta-cell decom pensation for insulin sensitivity) -  product o f  (1) 

and (2).

Table 2.3 Procedure for Intravenous glucose tolerance test (IVGTT)

Glucose 0.5g/kg

Timing
(minutes) Glucose Insulin

C-peptide 
Pro- and 

Prepro-insulin

IGFs
IGFBPs

-10 X X
-5 X X
0 X X X X

-------- ►
over 3 mins max

1 X X
3 X X
5 X X
10 X X

•  Patients w ere told to fast from m idnight the previous night after prior normal 

carbohydrate intake.

• Tw o iv cannulae were inserted and baseline (t =  -10 m inute) fasting blood 

glucose and sam ples for insulin assay were taken.

•  Blood glucose and insulin sam ples were obtained at t =  -5 and t = 0 minutes. 

A t 0 m inutes, sam ples w ere also taken for lG F-1, C -peptide, pro-insulin and 

pre-proinsulin  assay.

• An infusion o f  dextrose 20%  at a dose o f  0.5g/kg was given over a maximum

3 m inute duration following sam pling at 0 m inutes.

• Sam ples for blood glucose and insulin assay were taken at t = +1, t =  +3, t =

+5, t =  +10 m inutes after com pletion o f the dextrose infusion.
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• At all sam ple tim es glucom eter readings were also taken and the patient was 

m onitored for possible side-effects such as nausea, w eakness, decreased level 

o f  consciousness.

•  Following the procedure, the cannulae were removed and the patient was 

given som ething to eat and drink.

2.5.3.4 Insulin, C-Peptide, Proinsulin, Pre-Proinsulin

Insulin, C-peptide, proinsulin and pre-proinsulin sam ples from both the O G T T  and 

IVGTT were sent to  U niversity o f  Cam bridge, Departm ent o f  Paediatrics, 

A ddenbrooke's Hospital, Cam bridge, UK for analysis. Patient w eights and glucose 

results were sent with the samples. Results were interpreted using the method 

described by Davis et al (Davis et al., 1992) and using the H om eostasis M odel 

Assessm ent (H 0M A 2) as outlined below.

2.5.3.5 Homeostasis Model Assessment (HOMA)

Hom a was calculated using the HOM A2 calculator (H 0M A 2 calculator, 2007) from 

fasting glucose and insulin values obtained during the IVGTT (M atthew s et al., 1985). 

This provides an index o f  tissue sensitivity to insulin (IS) and relies on the product o f  

fasting plasm a glucose and insulin concentrations.

2.5.4 Thyroid Function

Free T4 and TSH im m unoassay were perform ed in the Endocrinology Laboratory at 

the National C hildren’s Hospital, Tallaght using Im m ulite 2500.
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2.5.5 Full blood count and renal, liver, bone profile

Full blood count sam ples, including 5 part differential, were processed in the 

Haem atology L aboratory at the National C hildren’s Hospital, Tallaght using the 

Sysmex XE 2100 autom ated high throughput analyser. Renal, liver and bone profiles 

were processed in the B iochem istry Laboratory using the Roche M odular IPPE 

system.

2.5.6 Tissue Transglutamase test (tTG)

Sam ples for tTG were processed in the Im m unology Laboratory at St Jam es Hospital, 

Dublin, using the Dynex 2000 analyser.

2.6 R a d i o l o g i c a l  m e t h o d s

2.6.1 Bone Age X-ray

This was done by perform ing a plain film x-ray o f  the left fingers, hand and wrist and 

were interpreted using the m ethodology o f  Greulich and Pyle (G reulich, 1959).

2.6.2 Magnetic Resonance Imaging (MRI)

MRI was perform ed in the N ational C hildren’s Hospital, D epartm ent o f  Radiology on 

two patients w ho had low growth horm one levels in order to assess the anatom ical 

structure o f  the pituitary stalk.
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2.6.3 Dual Energy X-ray Absorptiometry (DXA)

DXA scans w ere perform ed on each patient at the D epartm ent o f  Radiology National 

C hildren’s H ospital Tallaght using the Prodigy DXA System (softw are version: 8.80) 

m anufactured by G E M edical System s LUNAR with a N arrow  Fan beam. Baseline 

scans in three patients w ere perform ed at B lackrock C linic using the LUNAR DFXIQ 

m achine.

Prior to scanning, the child was measured and weighed and any metal objects were 

removed (to avoid artefacts). The child was inform ed o f  w hat was happening at all 

times. The aim was to m inim ise the child from moving to optim ise reproducibility and 

avoid the need for repeat scanning. Following the scan the child was show n the 

im ages on the com puter to assist in understanding the procedure. The scan took 

approxim ately 10 m inutes.

The fundam ental principle o f  DXA is to m easure the transm ission o f  x-rays through 

the body at high and low energies. The use o f  two energies is to allow  discrim ination 

between soft tissue and bone. X-ray attenuation values are converted to a pixel-by- 

pixel m easurem ent o f ‘areal’ bone mineral density (aBM D  in g/cm^). Software 

algorithm s detect the bone edges, and bone area (BA in cm^) is calculated by 

sum m ing the pixels within the bone edges. The reported value o f  the aBM D is the 

m ean bone density over all the pixels within the bone area, and the bone mineral 

content (BM C in g) is calculated by m ultiplying the m ean aB M D  by BA. In 

prepubertal children the lum bar spine is the m ost useful site to scan in clinical 

practice. W hole body DXA rem ains a research tool at present. The patient is subjected 

to a low effective radiation dose which gives DXA a m ajor advantage. Radiation
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doses at all sites is appreciably less than that to which one is exposed from the natural 

environm ent (background radiation) (National O steoporosis Society, 2004).

2.7 D a t a  M a n a g e m e n t

2.7.1 Data entry and calculations

The data was analysed using a personal com puter, DELL Latitude D610. T he CW H 

database was received on an Excel file and the Excel Lookup tool and M icrosoft 

Access program s were used to tidy up and code the data. D ecim al ages were 

calculated throughout the study using an Excel spreadsheet and a form ula for deciage 

calculation = [(date o f  m easurem ent) -  (date o f  birth)/ 365.25]. All SDS calculations 

were m ade using the LM S m ethod o f  Cole (Cole, 1990) by inputting the form ulas into 

the Excel spreadsheet. Random  patients were interm ittently rechecked to ensure 

accuracy o f  data entiy. The data was then transferred into the SPSS (Statistical 

Package for Social Science version 14.0) for statistical analysis.

2.7.2 Data Protection

Data confidentiality  w as m aintained by filing o f  all paper case records in a locked 

filing cabinet to w hich only the investigator (S O ’C) and research assistant (E O ’M) 

had access. Data entered in the com puter was password protected (Data Protection 

Act 1988).
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2 .8  S t a t is t ic a l  A n a l y s is

(1) Coombe Women’s Hospital Cohort

The patient population o f interest (SGA group) was identified from the CWH 

database and numerous maternal, perinatal and infant characteristics were compared 

with the non-SGA group using the chi-squared test. Where the assumptions o f the chi- 

squared test were not met (due to small expected values), a Monte Carlo 

approximation to an Exact test was used. Comparisons were also made between the 

SGA group which was seen versus the group which was not seen, using the chi- 

squared test.

Birth measurements were recorded and parameters such as height, weight, head 

circumference and BMI were measured for each child at 4-6 years. Data was 

summarised using summary statistics such as means, standard deviation scores (SDS), 

maximum and minimum values. The reference standard used was the LMS 

methodology o f  Cole (1990) (Freeman et al., 1995) UK references, determined for age 

and gender. Using current SDS measurements o f height, weight, BMI and head 

circumference, univariate analysis was employed using the chi-squared test and 

independent t test, to determine if  any subgroups differed in growth outcome (eg 

children born preterm, children o f  mothers who smoked or who had pre-eclampsia in 

pregnancy). The outcome o f  interest was whether or not these children born SGA had 

caught up in terms o f growth (height > -2 SDS). In the case o f twin pairs, comparisons 

were made in terms o f  initial birth weight versus current height and weight 

differences.
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(2) Patients born SGA treated with Growth Hormone

The outcom e o f  interest was the effect o f  GH in children born SGA without catch-up 

growth on height gain and height velocity (A Height SDS, A H eight velocity), insulin 

resistance, IGF-1 levels and changes in bone age, body com position and bone m ineral 

density (BM D) (Table 2.4). Safety endpoints were insulin resistance (IVGTT), 

(OGTT), H b A lc  levels, changes in physical exam (such as developm ent o f  precocious 

puberty) and occurrence o f  adverse events (Table 2.5). M eans and standard deviation 

scores (SDS), standard error o f  the mean, scatter plots, m axim um  and m inim um  

values were determ ined for m easurem ents at birth and height SDS, w eight SDS, head 

circum ference SDS, body m ass index (BM I) and BM l SDS in each child prior to 

treatm ent. Grow th increm ents (A Height SDS) were assessed by 3-m onthly 

m easurem ents. The reference standards used were the LMS m ethodology o f  Cole 

(Cole 1990) (Cole et al., 1995) UK references, determ ined for age and gender. In 

order to assess m etabolic and safety aspects o f  GH, baseline insulin sensitivity 

(HOM A), insulin secretion values and disposition indices w ere com pared with those 

following one year o f  GH treatm ent (see section 2.5.3). N on-treated patients who 

fulfilled criteria for GH were used as a com parison group for growth outcom e in 

term s o f  A Height SDS and A H eight velocity.
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Table 2,4 Efficacy Endpoints

Primary:

A H eight SDS from point o f  com m encing treatm ent with G H  or not 

A Height velocity from point o f  com m encing treatm ent w ith GH or not

Secondary:

Insulin resistance (IVGTT & OGTT)

A IGF-1 levels

C hanges in bone age, body com position and bone m ineral density  (DXA)

A = change

Table 2.5 Safety Endpoints

Insulin resistance (IVGTT), (OGTT), H bA lc levels 

C hanges in physical exam 

Adverse events

2.9 E t h i c a l  A p p r o v a l

Ethical Approval w as sought and obtained for the study from both: (i) T he Coom be 

W om en’s H ospital Ethics Com m ittee and (ii) St Jam es Hospital and Federated Dublin 

Voluntary H ospitals, Joint Research Ethics Com m ittee, AM NCH.

2.10 I r i s h  M e d i c i n e s  B o a r d

The Irish M edicines Board was informed about the study and perm ission w as granted.
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C H A P T E R  3 R E S U L T S

The patient populations for this study were identified and recruited from the Coom be 

W om en’s Hospital (CW H) (N =  284) and from referrals from Paediatricians 

nationally (N  = 20).

3.1 P o p u l a t i o n  (1) -  C o o m b e  w o m e n ’s h o s p i t a l  c o h o r t  (1/7/99-30/6/01)

3.1.1 Patient Recruitment

The Coom be W om en’s Hospital (CW H) database with a total o f  14,840 births 

recorded for the period l®‘ JuIy 1 9 9 9 -3 0 “’ June 2001 was analysed. Following 

exclusions, data from a total o f  14,366 infants were analysed. These infants were 

divided into two groups; non-SGA infants (N= 14,082) and SGA infants (N=284) and 

the groups were com pared for the variables as described in sections 3.1.3-3.1.12. The 

infants born SGA were identified by extracting data in tw o steps:
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3.1.1.1 Step 1- Excluded Infants

From the CWH database o f  14,840 births, 449 (3%) infants were excluded due to 

intrauterine death/stillbirth, neonatal death, gestation < 28 weeks, congenital 

anomalies or insufficient data as outlined in Table 3.1.

Table 3.1 In fan ts excluded from  C W H  database  - Step 1

Indication for exclusion N = 449 (3%)

Intrauterine Death/Stillbirth 101 (23%)

Neonatal Death > 28 weeks gestation* 10(2%)

Gestation < 28 weeks 57(13% )

Congenital Anomalies/Syndromes 144 (32%)

Insufficient Data** 137(31%)

*Includes 6 early & 1 late neonatal death **lncludes missing Apgar scores n=47, missing
birth  weight o r gestation n=90

3.1.1.2 Step 2 - SGA G roup  recruited  from Coombe W om en’s H ospital

From the remaining infants (N=14,391), those with BW SDS < -2 SDS were 

identified based on birth weight for gestational age (LMS methodology o f  Cole, 

1990). This group was called “SGA Group”, which included a total o f 309 (2.2%) 

such infants.

From this group a further 25 infants were excluded because o f  death, congenital 

anomalies and complicated medical histories, using the data sources o f Eurocat
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Register, Child Health Systems Register, medical charts and National SIDS Register 

(Table 3.2).

Table 3.2 In fan ts excluded from  SGA G roup - Step 2

Source of D ata N = 25 (8% )

Eurocat Register 11 (4%)

Child Health Systems Register 5 (2%)

Chart review 9 (4%)

National SIDS Register 0 (0%)

Total Exclusions 25

Rem aining SGA G roup
284

Num ber in parenthesis refers to % of the 309 identified SGA infants excluded  

E urocat

By cross-referencing the SGA Group with the Irish office o f Eurocat, 11/25 infants 

were identified. These infants had not been so identified in the CWH database:

- Deaths secondary to major congenital anomalies (N = 7)

- Major congenital anomalies -  death not recorded (N = 4)

Child H ealth  Systems R egister

On cross referencing the SGA Group with the Child Health Systems (CHS) register o f 

deceased children, 5 children were identified: there were 2 neonatal deaths; 1 early 

(cause not recorded), and 1 late (by pulmonary haemorrhage), 2 infants had died at

less than 6 months o f  age (cause not recorded), and 1 infant had age and cause o f

death unrecorded (Table 3.3).
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Table 3.3 Exclusions following CHS Cross Referencing

Gestation G ender BW  SDS Cause of Death Age of D eath (m onths)

28^^ Girl -2.6 - Day 1

31 Boy -3.9 PH 2

39 Boy -2.6 - 3

41 Girl -2.1 - 4

3 6 ^ Girl -2.3 - -

- Unknown
PH =  Pulm onary H aem orrhage 

C h art review

Following review o f  charts and consultation with Consultant Neonatologist (Dr 

Margaret Sheridan-Pereira) 9 infants with complicated neonatal courses who had been 

admitted to the Neonatal Intensive Care (NICU) were excluded from the SGA Group 

as follows: I case o f  Sudden Infant Death Syndrome (SIDS), 2 infants had 

complicated history secondary to maternal HIV/Hepatitis C, there were 2 cases o f 

maternal intravenous drug abuse, and 4 infants with severe complications of 

prematurity.

N ational Sudden In fan t Death Register

It was not possible to reliably cross reference the National Sudden Infant Death 

Register with the SGA Group, as no identifying information is held on the cases o f 

sudden infant death syndrome (SIDS) on the register. Hence no cases o f SIDS were 

identified in this manner.
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3.1.2 Congenital Anom alies & Syndrom es

In this study 24 SGA infants in total were excluded because o f congenital anomalies 

and syndromes. These were identified from both the CWH database as described in 

Step 1 (section 3.1.1.1) and the Eurocat Register as described in Step 2 (section 

3.1.1.2) (Table 3.4).

Table 3.4 Infan ts born SGA with congenital anom alies & syndrom es

In fa n t
No.

S o u rc e G e s ta tio n  
(w k s  +  d ay s) B W  SD S C o n g e n ita l  A n o m a ly /S y n d ro m e

1 CWH 40 + 1 -2.4 AVSD
2 CWH 3 7 +  1 -2.3 Coarctation o f Aorta
3 CWH 32 + 4 -3.6 PDA,ASD,PS
4 CWH 3 5 + 3 -2.3 PDA & VSD*
5 CWH 40 + 3 -2.8 Tetralogy o f  Fallot
6 CWH 36 + 5 -2.7 Congenital Nephrotic Syndrome
7 CWH 3 6 + 1 -3.3 Multicystic Dysplastic Kidney
8 CW H 39 + 4 -2.7 Imperforate anus & Dysmorphic features
9 CWH 4 0 + 1 -2.4 Microcephaly
10 CWH 39 + 2 -3.9 Dandy-Walker Malformation
11 CWH 36 + 5 -3.5 Cornelia de Lange
12 CW H 37 + 0 -2.1 Trisomy 21
13 CW H 35 + 5 -2.3 Duodenal Atresia
14 Eurocat 36 + 5 -3.9 Microcephaly & agenesis of corpus callosum
15 Eurocat 41 + 1 -2.8 Cystic Adenomatoid Malformation o f  Lung
16 Eurocat 39 + 3 -2.0 Gastroschisis
17 Eurocat 39 + 4 -2.8 Hypospadias & dysmorphic features
18 Eurocat 40 + 0 -2.2 ASDA^SD/PDA*
19 Eurocat 40 + 5 -2.1 CHD - unknown*
20 Eurocat 4 1 + 0 -2.5 Trisomy 13*
21 Eurocat 40 + 5 -2.0 Trisomy 13*
22 Eurocat 37 + 0 -4.7 Trisomy 18*
23 Eurocat 39 + 5 -2.9 Potter’s Sequence*
24 Eurocat 3 8 + 1 -2.3 Diaphragmatic Hernia -  deletion chrom. 11 *

AVSD = A triov en tricu lar Septal Defect; PDA = Patent Ductus A rteriosus; PS =  Pulm onary  Stenosis; 
ASD = A tria l Septal Defect; VSD = V en tricu lar Septal Defect 
* = Death as a result of congenital anom aly/syndrom e
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3.1.2.1 CWH Database:

Data extraction identified 144 infants with congenital anom alies and syndrom es o f  

which 13 w ere born SGA (Table 3.5 -  Infants 1-13). Congenital Heart Defects 

(CHDs) w ere docum ented in 5, renal anom alies in 2, congenital central nervous 

system disorders in 2, 1 had im perforate anus with dysm orphic features and 1 had 

non-syndrom ic duodenal atresia. Recognisable syndrom es (C ornelia de Lange 

syndrom e and Down syndrom e) w ere docum ented in 2 infants.

3.1.2.2 Eurocat Register:

Cross referencing the SGA G roup (n = 309) with Eurocat identified 11 patients with 

congenital anom alies and syndrom es. Death secondary to the congenital anom aly was 

recorded in 7 (Table 3.4 -  Infants 18-24).
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3.1.3 M aternal Socio-Econom ic C haracteristics

3.1.3.1 M arita l sta tus (SGA versus non-SGA)

There was a significant difference in the marital status between the SGA and non- 

SGA groups (x  ̂= 48.4, d f = 3, p < 0.001). A higher percentage o f  single mothers was 

seen in the SGA group compared with the non-SGA group (51% versus 32%) (Table 

3.5).

T able  3.5 M arita l s ta tu s  o f M others

M arita l S tatus

SGA G roup 

N (% )

Non-SGA 

G roup 

N (% )

Total 

N (% )

Married 129 (45) 9132 (65) 9261 (65)

Single 146 (51) 4517(32) 4663 (33)

Separated/Di vorced/Widowed 6(2) 278 (2) 284 (2)

Unknown 3(1) 155(1) 158(1)

Total 284 14082 14366
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3.1.3.2 M o th er’s O ccupation & Socio-Economic G roup  (SGA versus non-SGA)

There was a significant difference between the two groups in terms of 

occupation/socio-economic group (x^ = 35.0, d f = 10, p < 0.001). A higher percentage 

o f  mothers o f SGA infants belonged to the lowest socio-economic group compared 

with the mothers o f  the non-SGA infants (53% versus 41%) and a lower percentage 

belonged to the higher socio-economic groups (Table 3.6).

Table 3.6 M o th e r’s O ccupation

O ccupation

SEG

SGA G roup  

N (% )

Non-SGA 

G roup 

N (% )

Total N

(% )

Employers & Managers 1 8 (3 ) 615 (4) 623 (4)

Higher Professional 2 2 (0.7) 483 (3) 485 (3)

Lower Professional 3 24 (9) 1658 (12) 1682 (12)

Non-Manual 4 75 (26) 4547(32) 4622 (32)

Manual Skilled 5 14(5) 367 (3) 381 (3)

Semi Skilled 6 4 (1 ) 388(3) 392(3)

Unskilled 7 6 (2 ) 123 (0.9) 129 (0.9)

Own Account Workers 8 2 (0.7) 79 (0.6) 81 (0.6)

Farmers 9 0 8(0.1) 8(0.1)

Agricuhural Workers 10 0 24 (0.2) 24 (0.2)

Others gainfully occupied & unknown 11 149 (53) 5790(41) 5939 (41)

Total 284 14082 14366

SEG = Socio-economic Group
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3.1.3.3 P a r tn e r ’s O ccupation & Socio-Economic G roup  (SGA versus non-SGA)

There was a significant difference between the SGA and non-SGA groups in terms o f  

partners’ occupations (x^= 60.8 d f=  10 p < 0.001). The results showed that partners 

were more likely to belong to lower socio-economic groups and less likely to belong 

to higher socio-economic group in SGA infants than non-SGA infants (Table 3.7).

Table 3.7 P a r tn e r ’s O ccupation by G roups

O ccupation SEG SGA 
N (% )

Non-SGA 
N (% )

Total 
N (% )

Employers & Managers 1 14(5) 1243 (9) 1257(9)

Higher Professional 2 7 (3 ) 1176 (8) 1183 (8)

Lower Professional 3 12(4) 848 (6) 860 (6)

Non-Manual 4 16(6) 1425 (10) 1441 (10)

Manual Skilled 5 33 (12) 2093 (15) 2126(15)

Semi Skilled 6 12(4) 573 (4) 585 (4)

Unskilled 7 0 18 (0.1) 18 (0.1)

Own Account Workers 8 4 (1 ) 338 (2) 342 (2)

Farmers 9 1 (0.4) 260 (2) 261 (2)

Agricultural Workers 10 2 (0.7) 55 (0.4) 57 (0.4)

Others gainfully occupied & unknown 11 183 (64) 6053 (43) 6236 (43)

Total 284 14082 14366

SEG = Socio-economic Group
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3.1.3.4 G eographical D istribution (SGA versus non-SGA)

There was a significant difference in the geographical distribution o f the mothers o f 

SGA infants compared with mothers o f non-SGA infants (x^= 8.5 d f=  1 p = 0.004). It 

was observed that a higher proportion o f mothers o f infants born SGA were living in 

the Dublin area (city and county) compared with those in non-SGA group (76% 

versus 68%) (Table 3.8).

Table 3.8 G eographical D istribution of Patients by G roups

Place o f residence

SGA 

N (% )

Non-SGA 

N (% ) Total N (% )

Dublin City/County 215 (76) 9512 (68) 9727(68)

Outside Dublin 69 (24) 4570 (33) 4639 (32)

Total 284 14082 14366

1 14



3.1.4 E thnic O rigin

Information was available on mothers’ place o f birth and ethnicity. Information was 

only available for partners’ ethnicity. Data on ethnicity did not distinguish between 

Irish and European origin.

3.1.4.1 Place of B irth  of M other (SGA versus non-SGA)

There was no significant difference in the place o f birth o f  the mothers between the 

two groups (x^= 1.0 d f=  3 p = 0.81) (Table 3.9).

Table 3.9 M other’s Place of Birth by G roups

C ountry  of B irth

SGA 

N (% )

Non-SGA 

N (% ) Total N (% )

Ireland 171(60) 8703 (62) 8874(62)

Europe 18(6) 944 (7) 962 (7)

Africa/Asia/Middle East/Caribbean 18(6) 728 (5) 746 (5)

Other/Unknown 77 (27) 3797 (26) 3784 (26)

Total 284 14082 14366
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3.1.4.2 Mother’s Ethnic Group (SGA versus non-SGA)

There was no significant difference in the ethnic grouping o f  the m others observed 

between the two groups (x^= ] .5 d f  = 2 p =  0.48) (Table 3.10).

T ab le  3.10 M o th e rs ’ E th n ic  G ro u p

Ethnicity

SGA 

N (%)

Non-SGA 

N (% )

Total

N (% )

European 261 (92) 13188(94) 13449(94)

African/Asian/MiddleEastem/Caribbean/

African-American 21 (7) 825 (6) 846 (6)

Other/Mixed Race/Unknown 2 (0.7) 69 (0.5) 71 (0.5)

Total 284 14082 14366

3.1.4.3 Partners’ Ethnic Group (SGA versus non-SGA)

There was a significant difference in the ethnic grouping o f  the partners between the 

two groups (x^=I 5.5 d f  =  2 p value < 0.001). A higher percentage (9 %) o f  the SGA 

group belonged to  the non-European group com pared with the non-SGA group (6%) 

(Table 3.11).

T ab le  3.11 P a r tn e r s ’ E th n ic  G ro u p

Ethnicity

SGA 

N (% )

Non-SGA 

N (% )

Total

N (% )

European 247 (87) 12987(92) 13234 (92)

African/Asian/Middle-Eastem/

Caribbean/African-American 26 (9) 893 (6) 919(6)

Other/Mixed Race/Unknown 11(4) 202(1) 213 (2)

Total 284 14082 14366



3.1.5 Lifestyle factors

3.1.5.1 Sm oking (SGA versus non-SGA)

There was a significant difference in the percentage o f mothers o f  SGA infants who 

smoked during pregnancy compared with mothers in the non-SGA group (x^= 173.6, 

d f = 7 , p< 0 .0 0 1 )(T ab le3 .1 2 ).

Table 3.12 M o th e r’s Sm oking H istory by G roups

SGA Non-SGA Total

C igarettes per day N (% ) N (% ) N (% )

Never 79 (28) 7969 (57) 8048 (56)

Stopped since booking 10(4) 719(5) 729(5)

Occasional 4 (1 ) 237 (2) 241 (2)

1-5 31(11) 841 (6) 872(6)

6-10 57 (20) 1339 (10) 1396 (10)

11-20 54(19) 957 (7) 1011 (7)

> 2 0 10(4) 100 (0.7%) 110(0.8%)

Not stated/ Not known 39(14) 1920(14) 1959(14)

Total 284 14082 14366
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3.1.5.2 Alcohol C onsum ption (SGA versus non-SGA)

There was no significant difference between the mothers o f  SGA infants versus non- 

SGA infants in their reports o f alcohol consumption during pregnancy (x^= 5.8 d f=  7 

p = 0.57) (Table 3.13).

Table 3.13 M others’ Alcohol History by G roups

Units o f Alcohol per SGA Non-SGA

week N (% ) N (% ) T otal N (% )

Occasional 69 (24) 3243 (23) 3312 (23)

1-5 30(11) 1646(12) 1676(12)

6-9 9(3 ) 305 (2) 314(2)

10-14 2 (0.7) 103 (0.7) 105 (0.7)

15-20 I (0.4) 39 (0.3) 40 (0.3)

> 2 0 0 27 (0.2) 27 (0.2)

None 103 (36) 5775 (41) 5878 (41)

Not known 70 (25) 2944 (21) 3014(21)

Total 284 14082 14366



3.1.6 M aternal Auxology

3.1.6.1 M aternal height (SGA versus non-SGA)

Self-reported maternal heights were available for 67.6% o f  mothers o f SGA infants 

and in 72.8% o f  mothers in the non-SGA group. There was a significant difference in 

maternal height SDS between the two groups (x^= 33.4, d f  = 4, p < 0.001). There 

were more tall mothers found in the non-SGA group (2.2% versus 1.8%) and more 

short mothers found in the SGA group (3.2% versus 1.2%) (Table 3.14).

Table 3.14 M others’ H eights by G roups

SGA Non-SGA Total

M others’ H eight SDS N (% ) N (% ) N (% )

Missing data 92 (32.4) 3834 (27.2) 3926 (27.3)

-4.99 to -2 9 (3.2) 168 (1.2) 177(1.2)

-1.99 toO 126 (44.4) 5192 (36.9) 5318 (37)

+0.01 t o +1.99 52 (18.3) 4572 (32.5) 4624 (32.2)

+2 to +4.99 5(1.8) 316(2.2) 321 (2.2)

Total 284 14082 14366

3.1.6.2 M ate rn a l W eight a t Booking (SGA versus non-SGA)

The weight o f the mother at booking was only recorded in 15.5% of mothers o f SGA 

infants and in 21.9% o f mothers in the non-SGA group.
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3,1.6.3 M others’ Body M ass Index (SGA versus non-SGA)

As Body Mass Index (BMI) is a function o f weight and height 

(weight(kg)/height^(m)), it was only possible to calculate BMI for those in whom both 

values were available (14.8% o f  SGA group and 21.3% o f non-SGA group). In those 

in whom mother’s BMI was available, there was no significant difference between the 

two groups (x^ (Exact) = 6.4, d f  =  3, p = 0.09) (Table 3.15).

Table 3.15 M o th er’s BM I by G roups

SGA Non-SGA Total

BM I N (% ) N (% ) N (% )

< 18.5 (underweight) 2 (5 ) 91(3) 93 (3)

18.5 -  24.9 (normal) 32 (76) 1768(59) 1800 (59)

25.0 -  29.9 (overweight) 6(14) 803(27) 809 (27)

> 30 (obese) 2 (5 ) 331 (11) 333 (11)

Total 42 2993 3035
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3.1.7 M edical D isorders in Pregnancy (SGA versus non-SGA)

3.1.7.1 M edical Problem s in Pregnancy (SGA versus non-SGA)

There was no significant difference between tiie two groups in terms o f medical 

problems experienced during pregnancy by the mothers o f  SGA infants compared 

with non-SGA infants (x^= 5.3 d f = 4 p = 0.26) (Table 3.16).

Table 3.16 M edical Problem s in P regnancy by G roups

SGA Non-SGA Total

M edical Problem N (% ) N (% ) N (% )

None 247 (87) 12285 (87) 12532 (87)

Chronic condition(s) 7 (3 ) 281 (2) 288(2)

Diabetes (IDDM & Gestational) 1 (0.4) 166(1) 167(1)

Infections* 7(3 ) 542 (4) 549 (4)

O thert 22 (8) 808 (6) 830 (6)

Total 42 2993 3035

t Uterine abnormalities/flbroids/hyperemesis gravidarum , anaemia, cholecystitis, 
thrombophilia, congenital heart defect, psychiatric problems, surgery, cervical suture 
insertion, symphysis pubis problems
* Urinary T ra c t  Infections requiring antibiotics, HIV, Hepatitis, TB, Malaria 
IDDM = Insulin Dependent Diabetes Mellitus
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3.1.7.2 M aternal H ypertension (SGA versus non-SGA)

There was a significant difference in the percentage o f mothers experiencing 

hypertension overall between the two groups (%^= 32.2, d f = 2, p < 0.001). A higher 

proportion o f  mothers o f  SGA infants experienced pre-eclampsia (13% versus 5%) 

(Table 3.17).

Table 3.17 H ypertension in Pregnancy by G roups

Type o f H ypertension

SGA 

N (%)

Non-SGA 

N (% )

Total 

N (% )

Pre-eclampsia (treated or untreated) 36(13) 748 (5) 784 (6)

None/Unknown 229 (81) 12648 (90) 12877 (90)

Hypertension (no proteinuria) 19(7) 686 (5) 705 (5)

Total 284 14082 14366
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3.1.8 Fetal P roblem s in u tero  (SGA versus non-SGA)

There was a significant difference in the rate o f documented fetal problems in the 

SGA group versus non-SGA group (x^= 1007.2, d f = 4, p < 0.001). The most 

common documented fetal problem was intrauterine growth retardation (IUGR)/Small 

for dates (SFD) documented in 40% o f  SGA infants versus only 3% o f  non-SGA 

infants (Table 3.18).

Table 3.18 Fetal P roblem s in utero by G roups

Fetal Problem

SGA 

N (% )

Non-SGA 

N (% )

Total

N (% )

None 150 (53) 12899 (92) 13049 (91)

lUGR/SFD 116(40) 474 (3) 590 (4)

Fetal distress/abnormal blood 

flow/oligohydramnios 12(4) 308 (2) 320 (2)

Pre-term labour, pre-term rupture of 

membranes 5(2 ) 166(1) 171 (1)

Rhesus, Malpresentation, Amnionitis, 

PROM, Polyhydramnios, Macrosomia 1 (0.3) 235 (2) 236 (2)

Total 284 14082 14366

lU G R  = Intrauterine Growth Retardation; SFD = Small for Dates
Rhesus = Rhesus incom patibility; PROM = Prolonged rupture o f m em branes
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3.1.9 L abou r and Delivery

3.1.9.1 O nset of L ab o u r (SGA versus non-SGA)

There was a significant difference in the trend o f  labour onset in SGA infants versus 

non-SGA infants (x^= 161.1, d f=  4, p < 0 .001). There were higher rates o f emergency 

(12% versus 2%) and elective caesarean section (CS) without labour (10% versus 6%) 

in the SGA group (Table 3.19).

Table 3.19 L abou r O nset by G roups

SGA Non-SGA Total

Type of L abou r onset N (% ) N (% ) N (% )

No Labour -  Elective CS* 28(10) 879 (6) 907 (6)

Induced/Accelerated 92(32) 3585 (26) 3677 (26)

No Labour -  Emergency CS* 33(12) 261 (2) 294 (2)

Spontaneous 128 (45) 9289 (66) 9417(66)

Failed Induction -  CS* 3(1) 68 (0.5) 71 (0.5)

Total 284 14082 14366

*CS = C aesarean Section
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3.1.9.2 Type o f Delivery (SGA versus non-SGA)

There was a significant difference in the type o f delivery experienced in the two 

groups 84.8, d f = 4, p < 0.001). There was a higher rate o f  emergency CS in the 

SGA group (19% v 7%) (Table 3.20).

Table 3.20 Type o f Delivery by G roups

SGA Non-SGA T otal

Delivery M ethod N (% ) N (% ) N (% )

Elective CS* 28 (10) 896 (6) 924 (6)

Assisted instrumental delivery 31 (11) 1953 (14) 1984(14)

Emergency CS* 55 (19) 1036 (7) 1091 (8)

Normal Vaginal Delivery 148 (52) 9697 (69) 9845 (69)

Failed Induction -  CS* 22 (8) 500 (4) 522 (4)

Total 284 14082 14366

3.1.9.3 Type of Delivery in relation to Parity  (SGA versus non-SGA)

When the data was analysed for primiparous mothers only, again there was a 

significant difference in the type o f delivery between the two groups 52.536, d f = 

4, p < 0.001). There was a higher rate o f emergency CS in the SGA group (23% v 

8%) (Table 3.21).
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T ab le  3.21 T y p e  o f  D elivery P rim ip a ro u s  M o th e rs  by G ro u p s

SGA Non-SGA Total

Delivery M ethod N (%) N (% ) N (% )

Elective CS* 10(7) 193 (4) 203 (4)

Assisted instrumental delivery 21 (15) 1386(25) 1407 (25)

Emergency CS* 32 (23) 444 (8) 476 (8)

Normal Vaginal Delivery 64 (46) 3232 (58) 3296 (58)

Failed Induction -  CS* 12(9) 332 (6) 344 (6)

Total 139 5587 5726

A sim ilar trend was seen in m ultiparous mothers with a significant difference in the 

type o f  delivery betw een the tw o groups (%̂  = 44.2, d f  = 4, p < 0.001). The rate o f  

em ergency CS w as 15% in the SGA group compared with 6%  in the non SGA group 

(Table 3.22).

T ab le  3.22 T y p e  o f  D elivery  M u ltip a ro u s M o th e rs  by G ro u p s

SGA Non-SGA Total

Delivery Method N (%) N (% ) N (%)

Elective CS* 12(9) 650 (8) 662 (8)

Assisted instrumental delivery 9(7) 502 (6) 511 (6)

Emergency CS* 20(15) 503 (6) 523 (6)

Normal Vaginal Delivery 84 (63) 6301 (78) 6385 (78)

Failed Induction -  CS* 9(7) 115(1) 124 (2)

Total 134 8071 8205
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3.1.9.4 Indication for C aesarean /Instrum en ta l Delivery (SGA versus non-SGA) 

The most common indication for Caesarean section or instrumental delivery was fetal 

distress in both groups, but there was no significant difference between the two 

groups (x^= 3.4, d f = 1, p = 0.06) (Table 3.23).

Table 3.23 Indication for C aesarean Section o r In strum en ta l by G roups

Indication

SGA 

N (% )

Non-SGA 

N (% )

Total

N (% )

Fetal distress 51 (71) 1901 (60) 1952 (60)

Other (maternal, multiples, lUGR) 21 (29) 1265 (40) 1286 (40)

Total 72 3166 3238

lUGR = Intrauterine Growth Retardation
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3.1-9.5 In trapartum  Problems (SGA versus non-SGA)

Compared with non-SGA infants, there was a significant difference between the two 

groups in the rate o f intrapartum problems in the fetus {ŷ  = 18.5, d f = 2, p < 0.001). 

There was a higher incidence o f signs of fetal distress (abnormal cardiotocography 

(CTG), fetal acidosis, meconium-stained liquor) in the infants bom SGA compared 

with the non-SGA group (29% v 19%) (Table 3.24).

Table 3.24 In trapartum  Problems by Groups

SGA Non-SGA Total

Problem N (%) N (%) N (%)

None 200 (70) 11323 (80) 11523 (80)

Fetal distress 81 (29) 2604(19) 2685 (19)

Other* 3(1) 154(1) 157(1)

Total 284 14081 14365

*haemorrhage, prolonged rup ture  of membranes, maternal pyrexia, cord prolapse, 
polyhydramnios or absent liquor, malpresentation.
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However, when the data w as analysed separately for rate o f  intrapartum  problem s in 

term  infants and preterm  infants, there was only a significant difference betw een the 

SGA group com pared with non-SGA group in the term  infants -  29.6, d f  = 2, p < 

0.001). The rate o f  fetal distress was 33% in the SGA group versus 19% (Table 3.25).

T ab le  3.25 In tr a p a r tu m  P rob lem s in T erm  In fan ts  by G ro u p s

SG A N on-SG A T o ta l

Ind ica tion N (% ) N (% ) N  (% )

None 154 (66) 10706(80) 10860 (80)

Fetal distress 77 (33) 2548 (19) 2625 (19)

Other* 1 (0.4) 127(1) 128 (1)

Total 232 13381 13613

‘ m aternal,  m ult ip les ,  lU G R

There was no significant difference in the rate o f  intrapartum  problem s between the 

two groups in the prem ature infants (x^= 0.006, d f =  2, p =  1.0) (Table 3.26).

T ab le  3.26 In tr a p a r tu m  P ro b lem s in P re te rm  In fan ts  by G ro u p s

SGA N on-SG A T o ta l

In d ica tio n N (% ) N (% ) N  (% )

None 46 (89) 6 1 7 (8 8 ) 663 (88)

Fetal distress 4 (8 ) 5 6 (8 ) 60 (8)

Other* 2 (4 ) 27 (4) 29 (4)

Total 52 700 752

*m aternal,  m ult ip les ,  lU G R
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3.1.10 P arity , M ultiple Pregnancy and B irth  O rder

3.1.10.1 P a rity  (SGA versus non-SGA)

There was a significant difference in parity overall between the SGA and the non- 

SGA groups (x^=14.8 d f = 6 p = 0.03). A higher percentage o f mothers in the SGA 

group were primiparous (Table 3.27).

Table 3.27 P arity  by G roups

SGA Non-SGA Total

Previous b irths N (% ) N (% ) N (% )

0 139 (49) 5587 (40) 5726 (40)

1 69 (24) 4229 (30) 4298 (30)

2 35 (12) 2347 (17) 2382 (17)

3 15(5) 904 (6) 919(6)

4-10 15(5) 574 (4 ) 589(4)

11-19 0 17(0.1) 17(0.1)

Unknown 11 (4) 424 (3) 435 (3)

Total 284 14081 14366
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3.1.10.2 M ultiple Pregnancy (SGA versus non-SGA)

There was a significant difference in the rate o f  multiple pregnancies between the two 

groups. A higher rate o f  twin pregnancy was seen in the SGA Group (x^= 116.1, d f  = 

2, p <  0.001) (Table 3.28).

Table 3.28 M ultiple Pregnancy by Group

SGA Non-SGA Total

Type of Pregnancy N (%) N (%) N (%)

Singleton 248(87) 13735 (98) 13983 (97)

Twins 36(13) 338 (2) 374 (3)

Triplets 0 9(0.1) 9 (0 .1 )

Total 284 14082 14366

3.1.10.3 Birth Order (SGA versus non-SGA Twins)

There was no difference between the SGA twins and non SGA twins in term s o f  birth 

order (x^ = 0.2, d f  =  1, p = 0.7) (Table 3.29).

Table 3.29 Birth O rder for Twin Pregnancies by Groups

SGA Non-SGA Total

Birth Order N (%) N (%) N (%)

1 17(47) 171 (51) 188 (50)

2 19(53) 167 (49) 186(50)

Total 36 338 374
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3.1.11 Infant Characteristics

3.1.11.1 Gender (SGA versus non-SGA)

There was no significant difference in the gender distribution between the SGA and 

non-SGA groups (ŷ = 0.1, df = i, p = 0.72) (Table 3.30).

Table 3.30 Infant Gender

SGA Group Non-SGA Group Total

Gender N (%) N (%) N (%)

Male 142 (50) 7190(51) 7332 (51)

Female 142 (50) 6892(49) 7034 (49)

Total 284 14082 14366
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3.1.11.2 Gestational Age (SGA versus non-SGA)

There was a significant difference (4.7 days) between the mean number o f days 

gestation between the SGA Group (274.2 days = 39^’) and non-SGA group (279 days 

= 39*^) in terms o f gestational age by independent samples t test, (equal variance is 

not assumed, t = 4.3, d f = 288, p < 0.001) (95% Cl for difference in the population 

means = 2.6 to 6.9) (Figure 3.1).

Figure 3.1 Gestational Age of SGA and non-SGA infants
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3.1.11.3 Birth weight and Birth Weight SDS (SGA versus non-SGA)

The mean birth weight in the SGA group was 2278g (range 450-3260g) and in the 

non-SGA group it was 3488g (range 780-5726g). There was a significant difference 

between the two groups in terms o f  mean birth weight by independent t test (equal 

variance not assumed t = 42.4, d f = 298, p < 0.001) (95% Cl for difference in the 

population means = 1266g to 1154g). Mean birth weight SDS in the SGA group was - 

2.38. Mean birth weight SDS in the non-SGA group was 0.08 (Figure 3.2).

Figure 3.2 Birth Weight of SGA and non-SGA infants
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3.1.11.4 M ethod  o f  In fa n t Feeding (SGA versus non-SG A )

There was a significant difference in the method o f feeding o f  infants between the two 

groups (x^= 37.1, d f =  3, p < 0 .0 0 1). There was a lower rate o f  breast feeding amongst 

mothers o f  SGA infants versus non-SGA infants (19% versus 32%). There was also a 

higher rate o f  com bined breast and bottle feeding in the SGA group (3%  versus 2%) 

(Table 3.31).

T ab le  3.31 M ethod  o f in fan t feeding by G roups

SGA N on-SG A T otal

Feeding m ethod N (% ) N (% ) N (% )

Breast 53 (19) 4509 (32) 4562 (32)

Bottle 198 (70) 8798 (63) 8996 (63)

Combined breast & bottle 9 (3 ) 245 (2) 254 (2)

Not stated 24 (9) 5 3 0 (4 ) 554 (4)

Total 284 14081 14366
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3.1.12 In fan ts  ad m itted  to  the  Special C a re  Baby U nit (SCBU)

From tiie total group o f 14,366 infants analysed, 2507 infants were admitted to the 

SCBU. O f  the SGA group, 173 (61% ) were admitted to SCBU compared with 2334 

(17%) o f  the non-SGA group. There was a  significant difference in the indication for 

admission to  the SCBU between the SGA and non-SGA group (x^= 162.8, d f  = 11, p 

< 0.001). There was a higher rate o f  low birth weight/IUGR or prem aturity as the 

indication for adm ission in the SGA Group (41.1% v 9.6%) and a higher rate o f 

hypoglycaem ia and hypothermia (14.1%  v 12.7%) (Table 3.32).

T ab le  3.32 R eason fo r adm ission to SCBU  by G roups

SGA Non-SGA Total

Reason for admission N (% ) N (% ) N (%)

LBW/IUGR/Prematurity 67(41) 191 (10) 258 (12)

Grunting/Perinatal Asphyxia/Low Apgars 38 (23) 579 (29) 617(29)

Hypoglycaemia/Hypothermia 23(14) 254 (13) 277(13)

Suspected Sepsis 20(12) 266(13) 286 (13)

Infant of IVDA 6(4) 71 (4) 77 (4)

J aundice/Haematol ogi cal 4(3) 266(13) 270(13)

Non-specific 3(2) 176 (9) 179 (8)

Gastrointestinal reason 1 (0.6) 35(2) 36(2)

Feeding problems/FTT 1 (0.6) 41 (2) 42 (2)

Infant o f Diabetic Mother 0 76 (4) 76 (4)

Abnormal neurological 0 17(1) 17(1)

Investigations 0 23(1) 23(1)

Total 163 1995 2158

LBW = Low birth weight; IU G R =  Intrauterine Growth Retardation; FTT = Failure to 
Thrive

136



3.1.12.1 R esp ira to ry  P rob lem s (SGA versus non-SG A )

There was no significant difference in the rate o f  respiratory problem s between the 

SGA infants and non-SGA infants (x^= 6.6, d f  = 2, p = 0.04) (Table 3.33).

T ab le  3.33 SCBU  In fan ts  -  R esp ira to ry  problem s by G roups

R esp ira to ry  P rob lem

SGA 

N (% )

N on-SG A  

N (% )

Total

N (% )

None/Apnoea/Periodic Breathing/Stridor 158(91) 1963 (84) 2121 (85)

RDS/TTN/Pneum othorax/M AS/Aspiration/

Atelectasis/BPD/CLD 14(8) 332 (14) 346 (14)

Bronchiolitis/Viral LRTI/URTI 1 (1) 39 (2) 40 (2)

Total 173 2334 2507

RDS = R esp ira tory  Distress Syndrom e; TTN = T rans ien t  T achypnoea  o f  Newborn; 
MAS = Meconium Aspira t ion  Syndrom e; BPD = B ronchopu lm onary  Dysplasia; CLD = 
Chron ic  L ung Disease; L R T I/U R T I = L ow er/U pper  Resp ira to ry  T rac t  Infection
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3.1 .12.2  V en tila tion  P roced ures (SG A  versus non-SG A )

There w as no significant d ifference between the SGA Group and non-SG A  Group in 

terms o f  rate and type o f  ventilation procedures required (% ^ =  5 .5 , d f  =  4, p =  0.24) 

(Table 3.34).

T able 3.34 S C B U  Infants - V entilation  procedures by G roups

SG A N on-SG A T otal

T ype o f  ven tila tion N (% ) N  (% ) N  (% )

M echanical 6 ( 4 ) 134 (6) 140 (6)

Nasal CPAP* 6 (4 ) 86 (4) 92 (4)

Supplemental O 2 only 3 (2 ) 85 (4) 88 (4)

Initial ventilation only 1 (1) 3 (0 .1 ) 4 (0.2)

None 1 57(91 ) 2026 (87) 2 1 8 3 (8 7 )

Total 173 2334 2507

‘ C o n tinuous Positive A irw ay P ressure; O2 = oxygen
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3.1.12.3 Central Nervous System complications (SGA versus non-SGA) 

There was no significant difference between the two groups in terms of documented 

neurological complications {ŷ = 5.8, df = 2, p = 0.06). O f note there was only one 

case of hypoxic ischaemic encephalopathy (HIE) and neonatal seizures in the SGA 

group compared with 100 (0.4%) cases documented in the non-SGA group (Table 

3.35).

Table 3.35 SCBU Infants -  Central Nervous System problems by Groups

SGA Non-SGA Total

CNS Problem N (%) N (%) N (%)

None 166 (96) 2150 (92) 2316 (92)

HIE/Neonatal Seizures 1 (0.6) 100 (4) 101 (4)

Other* 6(4) 84 (4) 90 (4)

Total 173 2334 2507

HIE = Hypoxic Ischaemic Encephalopa thy  * O th e r  =  Neonatal Abstinence Syndrom e,  
In t rav en tr icu la r  H aem o rrh ag e ,  A bnorm al  tone/behaviour
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3.1.12.4 Gastrointestinal complications (SGA versus non-SGA)

There was a significant difference between the SGA group and non-SGA group in the 

incidence of gastrointestinal problems {ŷ = 6.0, d f=  2, p = 0.05) (Table 3.36). Only 

one case o f suspected necrotizing enterocolitis (NEC) was recorded in the SGA group 

compared with 100 cases (4.3%) in the non-SGA group.

Table 3.36 SCBU Infants -  Gastrointestinal Problems by Groups

SGA Non-SGA Total

GI Problem N (%) N (%) N (%)

None 166 (97) 2150 (92) 2316(93)

Suspected NEC* 1 (0.6) 100 (4) 101 (4)

Other 5(3) 82 (4) 87(4)

Total 172 2332 2504

*Necrotising Enterocolitis
Other = distended abdom en/obstruction/bilious vom its/congenital/ Feeding
Problem s/G OR/FTT/ M econium Ileus/ Pyloric Stenosis
Other -  non-acute: colic, constipation, gastritis/ conjugated Jaundice
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3.1.13 SG A  G ro u p  - R esponse to Inv ita tion  to p a rtic ip a te  in study

Letters were sent to mothers o f  the 284 SGA infants (2% o f  total 14,366 infants 

analysed) inviting them to attend with their child for auxological assessm ent at the 

Department o f  Paediatric Endocrinology, The National C hildren’s Hospital, Tallaght 

in M ay 2005. 79 mothers responded. A total o f  57 children were seen for auxological 

assessment. O f these children, 4 were the SGA twin o f  a non-SGA/SGA twin pair. In 

22 cases the m other responded but indicated that she did not wish to attend with her 

child for assessment. A second letter was sent in October 2005 to the 200 mothers 

from whom no response had been received by this date. By D ecem ber 2005 in total 47 

envelopes had been returned unopened, with indication that the address was no longer 

valid. No response was received from 157 mothers. One m other telephoned to inform 

us that her infant had died in the early neonatal period. This had not been documented 

on the CWH database (Table 3.37).

T ab le  3.37 SGA G ro u p  - R esponse to L etters

T o ta l L e tte rs  sent 284

Children seen 57(19.9% )

Responded but not seen 22 (7.7%)

Not at the address 47 (16% )

No response 157 (55.3%)

Early neonatal death not identified on database 1 (0.3%)
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3.1.13.1 SGA G roup Socio-Economic Characteristics

This study collected dem ographic information on ail mothers identified (n = 284). 

This information included socio-economic characteristics o f  mothers, ethnicity, 

pregnancy history, maternal auxology, maternal wellbeing in pregnancy, fetal 

problems in utero, labour and delivery, multiple pregnancies, infant characteristics 

and Special Care Baby Unit admissions. Comparisons were made between the 

children seen (N = 57) and not seen (N = 227) for each o f  the factors listed above.

SGA Group -  M other’s M arital Status (seen versus not seen)

There was a statistically significant difference in marital status between the SGA 

patients who w ere seen and those who were not (x^ (Exact) = 7.75 d f  = 3 p = 0.05). A 

higher proportion o f  married mothers were found in the SGA patients who were seen 

compared with those who were not seen (61% v 41%) (Table 3.38),

Table 3.38 SGA Group -  Marital status of M others

Seen Not seen Total

Marital Status N (%) N (%) N (%)

M arried 3 5 (6 1 ) 94 (41) 129 (45)

Single 21 (37) 125 (55) 146 (51)

Sepairated/D I vorced/W idow ed 1 (2 ) 5 ( 2 ) 6 ( 2 )

Unknown 0 3 ( 1 ) 3 ( 1 )

Total 57 227 284
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SGA Group -  Mother’s Occupation (seen versus not seen)

There was a difference in the occupations o f  the mothers in the group o f SGA infants 

who were seen when compared with those who were not seen = 18.1, d f = 2 ,p <  

0.001). 61% o f mothers o f  those seen were in non-manual employment versus 33% of 

those not seen (Table 3.39).

Table 3.39 SGA Group -  M other’s Occupation

Occupation

Seen 

N (% )

Not seen 

N (%)

Total

N (%)

Non-Manual 35(61) 74 (33) 109 (38)

Manual 6(11) 20(9 ) 26 (9 )

Others gainfully occupied & unknown 16(28) 133 (59) 149 (53)

Total 57 227 284

SGA Group -  Partner’s Occupation (seen versus not seen)

There was a difference in the occupations o f the partners in the group o f SGA infants 

who were seen when compared with those who were not seen (x"= 12.0, d f = 2, p = 

0.003). 29.8% o f partners o f those seen were in non-manual employment versus 

14.1% o f those not seen (Table 3.40).

Table 3.40 SGA Group -  Partner’s Occupation

Occupation

Seen 

N (%)

Not seen 

N (%)

Total

N (%)

Non-Manual 17(30) 32(14) 49(17)

Manual 14(25) 38(17) 52(18)

Others gainfully occupied & unknown 26 (46) 157(69) 183 (64)

Total 57 227 284
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SGA Group -  Geographical Distribution (seen versus not seen)

There was no difference between the group o f SGA patients who were seen and those 

who were not seen whether the mothers were living in the Dublin area or not at the 

time o f delivery (x^ = 2.1, d f = 1, p = 0.15) (Table 3.41).

Table 3.41 SGA Group -  Geographical Distribution o f Patients

Seen Not seen Total

Place o f residence N (%) N (%) N (%)

Dublin City/County 39(68) 176(78) 215 (76)

Outside Dublin 18 (32) 51 (23) 69 (24)

Total 57 227 284

3,1.13,2 SGA Group -  Ethnic Origin (seen versus not seen)

There was no difference in mothers’ and partners’ ethnic origin between the SGA 

patients who were seen and those who were not (x^ (Exact) = 4.8, d f = 2, p = 0.08) 

(Table 3.42) and (x‘ = 1 -4, d f  = 2, p = 0.51) (Table 3.43) respectively.

Table 3.42 SGA Group -  M other’s Ethnic Origin

Seen Not seen Total

Ethnic Origin N (%) N (%) N (%)

European 55(97) 206 (91) 261 (92)

African/Asian/M iddle-Eastem/

Caribbean/African-American 1(2) 20 (9) 21(7 )

Other/Mixed Race/Unknown 1(2) 1 (0.4) 2 (0.7)

Total 57 227 284
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Table 3.43 SGA Group -  Partner’s Ethnic Origin

Ethnic Origin

Seen 

N (%)

Not seen 

N (%)

Total

N (%)

European 52(91) 195(86) 247(87)

African/Asian/Middle-Eastem/ 

Caribbean/African-American 3(5) 23 (10) 26 (9)

Other/Mixed Race/Unknown 2(4) 9(4) 11(4)

Total 57 227 284

3.1.13.3 SGA Group - Lifestyle Factors (seen versus not seen)

SGA Group Maternal Smoking (seen versus not seen)

Comparing smoking history in those seen from the SGA Group with those not seen, 

there was no significant difference between the two groups (x  ̂= 5.2, df = 2, p = 0.08) 

(Table 3.44).

Table 3,44 SGA Group -  Mother’s Smoking History

Seen Not seen Total

Smoking N (%) N (%) N (%)

Any smoking 29 (51) 127 (56) 156 (55)

None/Stopped since booking 24(42) 65 (29) 89(31)

Unknown 4(7) 35(15) 39(14)

Total 57 227 284
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SGA Group Alcohol consumption (seen versus not seen)

There was also no significant difference between the mothers o f  SGA infants seen 

versus not seen in report o f alcohol consumption during pregnancy (5̂ =  1.8 , d f = 2 , p 

= 0.41) (Table 3.45).

Table 3.45 SGA Group -  Alcohol taken during pregnancy

Seen Not seen Total

Alcohol N (%) N (%) N (%)

Any alcohol 20 (35) 91 (40) 111 (39)

None 25 (44) 78(34) 103(36)

Unknown 1 2 (21 ) 58(26) 70 (25)

Total 57 227 284

3.1.13.4 SGA Group -  Maternal Auxology (seen versus not seen)

It was not possible to compare the group o f  SGA patients who were seen with the 

group that was not seen due to lack o f complete data pertaining to maternal heights 

and weights.
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3.1.13.5 SGA Group — M edical Problems in Pregnancy (seen versus not 

seen)

There was no difference in the proportion o f  mothers experiencing m edical problems 

during the pregnancy when comparing the SGA group o f  infants seen with those not 

seen (x^= 3.8, d f=  1, p = 0.51) (Table 3.46).

Table 3.46 SGA Group -  M edical Problems in Pregnancy

Seen Not seen Total

Medical Problem N (%) N (%) N (%)

No 54 (95) 193(85) 247 (87)

Yes 3 (5 ) 34(15) 37 (13)

Total 57 227 284

SGA Group -  M aternal Hypertension (seen versus not seen)

There was no difference between the group o f  SGA patients seen com pared with those 

who were not seen in terms o f  incidence o f  hypertension experienced by the mothers 

during the pregnancy (x^= 1 -7, d f  = 2, p = 0.43) (Table 3.47).

Table 3.47 SGA Group -  M aternal Hypertension in Pregnancy

Type of Hypertension

Seen 

N (%)

Not seen 

N (%)

Total 

N (%)

Pre-eclampsia (treated/untreated) 7(12) 29(13) 36(13)

No/unknown 44 (77) 185 (82) 229(81)

Hypertension (no proteinuria) 6(11) 13(6) 19(7)

Total 57 227 284
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3.1.13.6 SG A  G ro u p  -  L a b o u r and  D elivery (seen versus not seen)

There was no difference between the group o f  SGA infants who were seen and those 

not seen with respect to labour onset (x^= 7.5, d f=  4, p = 0.11), type o f  delivery {%̂  = 

8.9, d f  =  4, p = 0.06) (Tables 3.48 and 3.49).

T able 3.48 SGA G ro u p  -  L a b o u r O nse t (seen versus not seen)

Seen Not seen T otal

Type o f L a b o u r  onset N (% ) N (% ) N (% )

No Labour -  Elective CS* 4 (7 ) 24 (1 1 ) 28 (1 0 )

Induced/Accelerated 19(33) 73 (32) 92 (32)

No Labour -  Emergency CS* 12 (21) 21 (9) 33 (1 2 )

Spontaneous 21 (37) 107(47) 128(45)

Failed Induction -  CS* I (2) 2 (1 ) 3 (1 )

Total 57 227 284

T able 3.49 SGA G ro u p  -  Type o f D elivery (seen versus no t seen)

Seen N ot seen T otal

D elivery M ethod N (% ) N (% ) N (% )

Elective CS* 4 (7 ) 24(11 ) 28 (10 )

Assisted instrumental delivery 4 (7 ) 27 (12 ) 31 (11)

Emergency CS* 16(28) 39 (17 ) 55(19)

Normal Vaginal Delivery 25 (44) 123(54) 148(52)

Failed Induction -  CS* 8 (1 4 ) 14(6) 22 (8)

Total 57 227 284
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SGA G ro u p  -  Ind ica tion  fo r C aesarean  /In s tru m en ta l D elivery (seen v. not seen) 

There was no difference between the group o f  SGA patients seen and those who were 

not seen in terms o f  indication for operative or instrumental delivery (Table 3.50).

T ab le  3.50 SGA G ro u p  -  Ind ication  fo r C aesarean  /In s tru m e n ta l D elivery

Indication

Seen 

N (% )

N ot seen 

N (% )

Total

N (% )

Fetal distress 10(71) 41 (71) 51 (71 )

Other (maternal, multiples, lUGR) 4 (2 9 ) 17(29) 21 (29)

Total 14 58 72

lUGR = In trau te rine G rowth Retardation

SGA G ro u p  -  In tra p a r tu m  Prob lem s (seen versus not seen)

There was no difference between the two groups in the rate o f  intrapartum problems 

experienced (x^ (Exact) = 0.8, d f  = 2, p = 0.66) (Table 3.51).

T ab le  3.51 SGA G ro u p  -  In tra p a r tu m  Problem s (seen versus no t seen)

Seen Not seen T o ta l

Problem N (% ) N (% ) N (% )

None 42 (74) 158 (70) 200 (71)

Fetal distress 14(25) 67 (30) 81 (29)

Other* 1 (2) 2 (1 ) 3 (1 )

Total 57 227 284

‘ haem orrhage, prolonged rup tu re  of membranes, m aternal pyrexia, cord prolapse.
polyhydramnios or absent liquor, m alpresentation.
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3.1.13.7 SG A  G ro u p  -  P a rity  and  M ultip le P regnancy

SGA G ro u p  -  P a r ity  (seen versus not seen)

There was no difference in the proportion o f  primiparous versus muitiparous mothers 

represented in the group o f  SGA infants seen when compared with those not seen (%̂  

=  5.1, d f  =  2, p = 0.08) (Table 3.52).

T ab le  3.52 SGA G ro u p  -  P a rity  (seen versus not seen)

Seen Not seen Total

M other’s Parity N (%) N (% ) N (%)

Primiparous 34 (60) 105 (46) 139(49)

Muitiparous 23 (40) 111 (49) 134(47)

Unknown 0 11(5) 11(4)

Total 57 227 284

M ultip le  P regnanc ies (seen versus not seen)

There was no difference in rate o f  twins in the SGA Group who were seen compared 

with those not seen (x^ = 2.1, d f  = I, p = 0.15) (Table 3.53).

T ab le  3.53 SGA G ro u p  -  M ultip le  P regnancy  (seen versus not seen)

Type of Pregnancy Seen N (%) Not seen N (% ) Total N (% )

Singleton 53 (93) 195 (86) 248(87)

Twins 4(7) 32(14) 36(13)

Total 57 227 284
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3.1.13.8 SGA G roup  -  Infant Characteristics

SGA G roup  -  G ender (seen versus not seen)

There was no significant difference in the gender distribution between the SGA and 

non-SGA groups or between those SGA infants seen and not seen (x^= 0.2, d f = 1, p = 

0.66) (Table 3.54).

Table 3.54 SGA G roup -  In fan t’s G ender (seen versus not seen)

G ender Seen N (% ) Not seen N (% ) Total N (% )

Male 30 (53) 112(49) 142 (50)

Female 27 (47) 115(51) 142 (50)

Total 57 227 284

SGA G ro u p  — G estation (seen versus not seen)

There was a difference of several days in mean length o f gestation between the group 

of children born SGA who were seen (38^^ weeks) when compared to those who were 

not seen (39^^ weeks). However this difference was not statistically significant as 

assessed by independent t test (t = - 1.38, p = 0.17).

SGA G roup  -  B irth W eight SDS (seen versus not seen)

There was no significant difference in mean birth weight SDS between the two groups 

(t = 1.42, p = 0.2); mean BW SDS in the SGA group seen was -2.3 compared with a 

mean BW SDS o f -2.4 in the group not seen.
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3.1.13.9 SGA G roup - Special Care Baby Unit Infants

O f the 57 infants seen 41 infants (72%) had been admitted to the Special Care Baby 

Unit compared with 132 o f  the 230 infants (58% ) who were not seen.

3.1,14 SGA Group -  Clinical and Auxological Assessm ent at 4-6 years (N=56)

Full clinical assessm ents on 57 patients born SGA between the ages o f  4 and 6 years 

were performed at the Departm ent o f  Paediatric Endocrinology, The National 

C hildren’s Hospital, Tallaght. One case was excluded from the statistical analysis o f  

auxological outcom e because o f  uncertainty relating to his birth weight.

The outcome o f  SGA boys (n = 29) compared to girls (n = 27) in relation to 

auxological data were analysed separately. The independent t test showed no 

statistical difference between the two groups (p value > 0.05 for all variables) (Table 

3.55).
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3.1.14.1 Age of assessment

The mean age o f  assessment was 5.3 years (range 4.1 to 6.5). Mean age of assessment 

o f the boys was 5.4 years (range 4.3 to 6.5) and for the girls was 5.2 years (range 4.1 

to 6.1) (Table 3.55).

Table 3.55 B irth & auxologicai data of SGA children assessed at age 4-6 yrs

Total (N = 56) Boys (N = 29) Girls (N = 27)

Age 5.3 (4.1 -6 .5 ) 5.4 (4 .3 -6 .5 ) 5.2 (4.1 -6 .1 )

BW (kg) 2 .2 7 (0 .9 -3 .2 ) 2.25 (1 .0 -3 .2 ) 2.20 (0 .9 -2 .8 )

BW SDS -2.3 (-3.5 to -2.0) -2.3 (-3.0 to -2.0) -2.3 (-3.5 to -2.0)

Gestation 38+5 2̂9+3 _ 43+6) 38^“* (3T ^-43^^) 38+6 (29+3 43+1̂

Ht SDS -0.7 (-3.1 -  1.2) -0.8 (-3.1 -  1.2) -0.7 (-1 .8 -0 .4 )

W t SDS -0.9 (-3 .7 -2 .6 ) -1.0 (-3 .7 -2 .6 ) -0.8 (-2 .6 -0 .6 )

BMI 14 .9 (12 .2 -20 .4 ) 15 .0 (12 .2 -20 .4 ) 14 .9 (12 .4 -17 .8 )

BMI SDS -0.6 (-3 .5 -2 .7 ) -0.6 (-3 .5 -2 .7 ) -0.6 (-2 .6 -  1.4)

HC SDS -0.9 (-3 .6 -  1.2) -0.9 (-3 .6 -  1.2) -0.9 (-3 .5 -  1.2)

‘ Median given in the case of Birth W eight (BW); Gest = G estational age; Ht = Height; W t =
W eight; BMI = Body Mass Index; HC = Head circumference; SDS = S tandard  Deviation Score

3.1.14.2 B irth Data

Median birth weight in the SGA patients seen was 2.27kg (range 0.9 to 3.2kg). Mean 

birth weight SDS (BW SDS) was -2.3 SDS (range -3.5 to -2.0). Mean gestational age 

was 271 days (38^^ weeks) (range 206 to 307 days = 29^^ to 43^) (Table 3.55).
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3.1.14.3 Auxological Assessment at 4-6 years

Height at 4-6 years

Mean height SDS w as -0.74 SDS (range -3.1 to +1.2) (Table 3.55).

Mean height SDS for the boys was -0.8 SDS (range -3.1 to +1.2) slightly lower than 

for the girls (mean height -0.7 SDS) (range - 1.8 to +0.4) which was not a significant 

difference (p = 0.87).

Weight at 4-6 years

Mean weight SDS w as -0.9 SDS (range -3.7 to +2.6) (Table 3.55).

Mean weight SDS for the boys was -1.0 SDS (range -3.7 to +2.6) and for the girls 

mean was slightly higher at -0.8 SDS (range -2.6 to +0.6) which was not a significant 

difference (p = 0.7).

Body mass index (BMI) at 4-6 years

Mean BMI was 14.9 (range 12.2 to  20.4) (Table 3.55). Mean BMI SDS was -0.6 

(range -3.5 to +2.7). Mean BMI for the boys was 15.0 (range 12.2 to  20.4) and for the 

girls was sim ilar at 14.9 (range 12.4 to 17.8). Mean BMI SDS for the boys was -0.6 

(range -3.5 to +2.7) and for the girls was also -0.6 (range -2.6 to +1.4).

Head circumference at 4-6 years

Mean head circum ference SDS w as -0.9 SDS (range -3.6 to +1.2). M ean head 

circum ference SDS for the boys was -0.9 SDS (range -3.6 to +1.2) and for the girls 

was also -0.9 SDS (range -3,5 to +1.2) (Table 3.55).
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P re te rm  versus te rm  ch ild ren  born  SGA -  b irth  D ata  and  auxology a t 4-6 years

Com paring the SGA children born preterm (<37/40) (N=12) with those born at term 

(>37/40) (N=44), there were significant differences observed in height and weight at 

4-6 years, with those born preterm being shorter (mean Ht SDS -1.4 v -0.6) and 

lighter (mean W t SDS -1.7 v -0.7). However, although BMI and BMI SDS were 

slightly lower for the preterm group, there was no statistically significant difference 

observed. This would indicate that the children bom preterm had not experienced 

inappropriate postnatal weight gain. There was no significant difference observed in 

birth weight SDS, indicating that the expected lower birth weights observed in the 

children who were born preterm was accounted for by lower gestational age. There 

was also no significant difference in head circum ference at 4-6 years between the 

children born preterm com pared with those born at term (Table 3.56).

T ab le  3.56 C o m p arin g  Auxological D ata  for P re te rm  versus T erm  In fan ts

tT otal 

(N = 56)

*Term 

(N = 44)

*Preterm 

(N = 12)

95% Cl p value

BW  (kg) 2 .2 7 (0 .9 -3 .2 ) 2.47 (0.4) 1.35 (0.3) -1.3 to -0.9 <0.001

BW  SDS -2.3 (-3.5 to -2.0) -2.3 (0.3) -2.4 (0.5) -0.3 to 0.1 0.48

G estation 38^5 (29^3 _ 43+6̂ 40^' 33^^ -56 to -39 days <0.001

Auxology 4-6 yrs

H t SDS -0.7 (-3.1 -  1.2) -0.6 (0.9) -1.4 (0.9) 1.4 to -0.2 0.006

W t SDS -0.9 ( -3 .7 -2 .6 ) -0 .7(1 .1) -1 .7 (1 .1 ) 1.7 to 0.3 0.008

BM I 1 4 .9 (1 2 .2 -2 0 .4 ) 15.1 (1.6) 14.4(1.1) 1.7 to -0.3 0.16

B M I SDS -0.6 ( -3 .5 -2 .7 ) -0.5 (1.2) -1.0 (1.0) 1.3 to 0.3 0.18

H C  SDS -0.9 ( - 3 .6 -  1.2) -l.O (l.O ) -0.6 (1.2) 0.3 to -1.1 0.31

flMean (Range) *M ean  (SD); Cl =  Confidence Interval o f  the Difference
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3.1.14.4 M id-Parental Height

Parents’ Heights

Maternal height was m easured at the Department o f  Paediatric Endocrinology, The 

National C hildren’s Hospital, Tallaght in 52 cases. Reported heights were used in 4 

additional cases; in 3 cases the father attended instead o f  the mother and in 1 case the 

m other had died (road traffic accident). These reported heights agreed closely with 

those recorded on the CW H database. There was no evidence o f  a difference between 

the m other’s reported height SDS and the actual measured m other’s height SDS as 

analysed for 35 mothers (mean difference -0.08) (t = 1.24, p value == 0.2). Mean 

maternal height was -0.5 SDS. In addition paternal height was measured in 20 cases 

and reported heights were available for 34 fathers. In 3 cases father’s height was not 

available due to social circumstances. Mean paternal height was -0.3 SDS.

C hild’s H eight at 4-6 years with respect to Parental Height

Mean mid-parental height (MPH) was -0.3 SDS. Using paired t test, there was a 

significant difference between the means o f  height SDS (-0.7) measured in each child 

and mean heights corrected for MPH (-0.5), mean difference -0.26 SDS (t = 3.46, d f = 

52, p value < 0.001). Hence there is some influence o f  shorter parental heights 

(genetic potential) on the shorter mean heights in the children at 4 to 6 years.

3.1.14.5 Questionnaire on C hildren’s Height & W eight

Questionnaires requesting information from parents about their child’s growth were 

completed for height in 33 cases, and for weight in 43 cases.
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Parents tended to report shorter height measurements done at hom e when com pared 

with those m easured in the clinic (difference between the m eans = 0.13 SDS), 

however this was not significant by paired t test (t = 0.7, p value = 0.5). In contrast, 

children were reported by parents to be heavier than found by weight m easurem ent in 

the clinic (mean difference in weight SDS = 0.65), which was significant (t = -3.5, 2- 

tailed sig p < 0.001).
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3.1.14.6 Sm oking in P reg n an cy  - B irth  W eight & Auxology a t  4-6 years  

There was general agreem ent between m other’s recall (when interviewed at tim e o f

child’s assessm ent) o f  smoking during the pregnancy compared with that which had

been stated by the mother around the time o f  delivery o f  the infant. The children were

divided into two groups -  those whose mothers had smoked and those whose mothers

had not smoked during pregnancy. There was no evidence o f  a statistically significant

difference found between the two groups in any o f  the variables (B W SDS, height

SDS, weight SDS, BMI, BMI SDS, head circumference SDS) by independent

samples t test com paring the means (Table 3.57). However it was noted that the

children o f  m others who smoked had slightly lower mean birth weights and at 4-6

years were heavier than the children o f  non-smokers (weight SDS -0.7 versus -1.2),

with higher BM ls (15.3 versus 14.6) that almost reached statistical significance (p =

0.07). This would indicate that children o f  mothers who smoked had more postnatal

catch-up growth.

T a b le  3 .57  C h ild re n  o f  sm o k e rs  v n o n -sm o k e rs

Total 

(N = 56)

Sm okers 

(N = 28)

Non-Sm okers

(N = 2 8 )

95%  C l p value

BW (kg) 2 .2 7 (0 .9 -3 .2 ) 2.2 (0.5) 2.26 (0.6) -0.4 to 0.3 0.69

BW SDS -2.3 (-3.5 to -2.0) -2.4 (0.3) -2.3 (0.4) -0.3 to 0.1 0.24

G estation 38"’ (29*^-43*^) 38*“

1 1 0
®

1 
+

i -14 to 12 days 0.89

Auxology 4-6 yrs

H tS D S -0.7 (-3.1 -  1.2) -0.7 (0.9) -0.8 (0.9) -0.5 to 0.6 0.85

W t SDS -0.9 ( -3 .7 -2 .6 ) -0.7 (1.3) -1.2 (1.0) -0.3 to 1.0 0.23

BMI 1 4 .9 (1 2 .2 -2 0 .4 ) 15.3 14.6 -0.1 to 1.5 0.07

BMI SDS -0.6 ( -3 .5 -2 .7 ) -0.3 (1.3) -0.9 (0.9) -0.1 to 1.1 0.12

HC SDS -0.9 ( -3 .6 -  1.2) -0.8 (1.0) -1.0(1.2) -0.4 to 0.8 0.44

tM e an  (R ange) *IVlean (SD ); C l =  C onfidence In te rv a l o f the d ifference betw een the  m eans
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3 .1 .14 .7  M atern a l H yp erten sion  and A u xology  at 4-6  years

There was a statistically significant difference found in term s o f  m ean birth weight

and length o f  gestation between the groups o f  children born to m others who had

hypertension or pre-eclam psia during pregnancy com pared to those who did not. The

children o f  m others who had hypertension or pre-eclam psia overall were born several

w eeks earlier and with a low er birth weight. H owever adjusting for the prem aturity

the mean birth w eight SDS was not statistically different between the two groups by

independent sam ples t test. A lthough the mean height SDS at 4-6 years was lower in

the group o f  children born to m others who had hypertension or pre-eclam psia this was

not statistically significant. In addition there was no significant difference in mean

w eight SDS, BMI SDS or head circum ference SDS (Table 3.57). This would indicate

that children o f  m others who had hypertension or pre-eclam psia during pregnancy

com pared with the group o f  children whose m others did not, although born more

prem aturely, had sim ilar birth w eight SDS and postnatal catch-up growth

T able  3 .58  H yp erten sion /P re-ec lam p sia  -  B W  S D S  &  A u xo lo g y  at 4-6 yrs

Total (N = 56) HT/PET

( N = 1 3 )

HT/PET 

(N = 43)

95%  C l p value

BW (kg) 2 .2 7 ( 0 .9 - 3 .2 ) 1.59(0.5) 2.42 (0.4) 1.1 toO.5 <0.001

B W SD S -2.3 (-3.5 to -2.0) -2.5 (0.5) -2.3 (0.2) 0.4 to 0.0 0.16

Gestation 38^’ (29^  ̂ to 43^") 35^' 39+5 -48 to -17 days <0.001

Auxology 4-6 yrs

H tSD S -0.7 (-3.1 -  1.2) -1.2 (1.0) -0.6 (0.9) -1.1 toO.O 0.06

W tS D S -0.9 ( -3 .7 -2 .6 ) -1.4 (1.3) -0.8(1.1) -1.4 to 0.1 0.08

BMI 14.9 (1 2 .2 -2 0 .4 ) 14.7(1.4) 15.0(1.6) -1.3 to 0.6 0.49

BMI SDS -0.6 ( - 3 .5 -2 .7 ) -0.8 (1.1) -0.5 (1.2) -1.1 toO.5 0.42

H C SD S -0.9 ( - 3 .6 -  1.2) -1.0 (0.9) -0.9(1.1) -0.8 to 0.6 0.76

tM ean (R ange) *M ean (SD); C l = C onfidence Interval o f  the difference between the means
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3.1.14.8 History of lU G R and Auxology at 4-6 yrs

Comparing the group o f  children born SGA who had a documented history o f lUGR 

with those with no such history, there was a significant difference in birth weight, 

weight SDS and BMI SDS, with the former being smaller for each variable (Table 

3.59). However, no significant differences were seen with height or head 

circumference.

Table 3.59 History of lUGR -  BW SDS & Auxology at 4-6 years

Total 

(N = 56)

lUGR

(N = 22)t

No lUGR 

(N = 34)t

95% Cl p value

BW (kg) 2.27(0.9-3.2) 2.0 (0.5) 2.4 (0.6) -0.7 to -0.1 0.02

BW SDS -2.3 (-3.5 to -2.0) -2.4 (0.4) -2.3 (0.3) -0.2 to 0.1 0.52

Gestation 38^^(29^^o 43^^) 262 (20) 277 (25) -28 to -3 days 0.02

Auxology 4-6 yrs

Ht SDS -0.7 (-3.1 -  1.2) -0.9 (0.9) -0.6 (1.0) -0.8 to 0.2 0.29

Wt SDS -0.9 (-3 .7 -2 .6 ) -1.3(1.1) -0.6 (1.2) -1.3 to -0.0 0.05

BMI 14.9(12 .2-20 .4) 14.5(1.5) 15.2(1.5) -1.6 to 0.0 0.06

BMI SDS -0.6 (-3 .5 -2 .7 ) -1.0 (1.2) -0.3 (1.1) -1.3 to -0.0 0.04

HC SDS -0.9 (-3 .6 -  1.2) -1.1 (1.3) -0.7 (0.9) -1.0 to 0.2 0.2

tM ean (R ange) *M ean (SD); C l = C onfidence Interval o f the difference between the means
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3.1.14.9 Patients identified with growth problems at 4-6 years

In total 5 patients were identified with short stature (Ht SDS < -2) (Table 3.60), o f  

whom  3 had severe short stature (H t SDS < -2.5). These 3 patients (patients 1-3), who 

w ere eligible for treatm ent w ith Grow th Hormone, are described in the next section, 

3.2 on G row th H orm one treatm ent. Height corrected for m id-parental height was 

below  the m ean in all 5 patients (corrected height SDS range -3.7 to -1.0) indicating 

that the short stature was not attributable to short parental height.

All 5 patients also  had w eight well below the mean (w eight SDS range -3.7 to -1.0). 

BM l was also low and BMI SDS and head circum ference were below  the mean in 4 

o f  the 5 patients (patients 1-4).
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Table 3.60 Patients with short stature (N=5)

Patient I* 2* 3* 4 5

Gender Male Male Male Male Male

Age (years) 4.9 5.3 6.2 5.4 5.9

BW (kg) 1.4 1.0 1.9 3.2 2.7

BW SDS -2.1 -2.7 -2.5 -2.1 -2.1

Gestation 33"' 31« 37"' 43+6 40+6

Auxology 4-6 years

Ht SDS -3.1 -2.9 -2.6 -2.2 -2.2

C orr Ht SDS -2.9 -2.9 -1.0 -1.9 -1.3

W tSD S -2.9 -3.7 -3.7 -2.9 -1.0

BMI 14.9 13.5 13.0 13.6 16.7

BMI SDS -0.6 -2.0 -2.4 -1.8 0.8

HCSDS -1.1 -1.5 -3.6 -1.9 0.1

* eligible for trea tm en t with G row th Hormone; Gest =G estational age; Ht=Height; 
C orrH t=H eight corrected for m id-parental height; W t=W eight; BMI=Body IVIass Index; 
HC=Head circum ference
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GH  stim ulation tests w ere perform ed on four o f  the children identified with short 

stature. GH insufficiency (peak GH 12.4mU/L) was found in one child (patient 2) 

(Table 3.61) who was subsequently treated with GH (see section 3.2).

T ab le  3.61 P e a k  G ro w th  H o rm o n e  values in c h ild re n  w ith  sh o r t  s ta tu re

P a tien t 1 2 3 4

T ype o f  T est ITT ITT ITT L-D opa/
Propranolol

P eak  G H  m U /L 47.8 12.4 59.2 25.9

T im e o f  P e a k  (m ins) 45 45 30 60

ITT  = insulin  to le rance  test

3.1.14.10 P a tien ts  iden tified  w ith  m edical p ro b lem s

Blood tests w ere perform ed in 8 children due to low w eight or height. One child had a 

positive tissue transglutam ase test (tTG = 33.5 U/ml -  norm al <1.9U /m l) and was 

subsequently diagnosed on small bowel biopsy with coeliac disease. C linically she 

w as asym ptom atic and her height was -1.6 SDS and w eight -1.9 SDS, with low BMl 

13.9 and BM l SDS -1.1 SDS. Tw o years following diagnosis and treatm ent her 

weight and height have improved (height -1.4 SDS and w eight -1.0 SDS, BM l 15.6, 

BM l SDS -0.2 SDS). Low  ferritin levels (<  20ug/L) w ere found in two children with 

low weight and these children were com m enced on iron supplem entation. O ne child 

with low height (height SDS -1.7) and weight (weight -1.8 SDS) with severe atopic 

derm atitis was referred to the derm atology service for further m anagem ent.
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3.1.14.11 Patients identified at risk of metabolic syndrome

Only one patient (m ale) was identified as being at risk o f  the m etabolic syndrom e on 

the basis o f  BMI. His characteristics are outlined in Table 3.62. The boy’s BMI was 

20.4 (+2.7SD S) w hich is in the obesity range. He had achieved good catch-up in 

height at 6 years (H t SDS = +1.2). B lood pressure was normal. Unfortunately, as this 

ch ild ’s m other did not wish to attend for further assessm ents, follow up data is 

therefore unavailable.

Table 3.62 Patient at risk of metabolic syndrome based on BMI at 6 years

BW (kg) 2.24

BW SDS -2.5

Gestation (weeks) 39

Auxology at age 6 years

Ht SDS 1.2

Corr Ht SDS 1.3

Wt SDS 2.6

BMI 20.4

BMI SDS +2.7

HC SDS -1.1

Ht =Height; C o rrH t = Height corrected for m id-parental height; 
W t =W eight; BMI = Body M ass Index; HC=Head circum ference
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3.1.14.12 Twin Pairs Birth Data and Auxology at 4-6 years

There were four twin pairs assessed and in each pair only one tw in had been born 

SGA. Both tw ins in each pair were assessed (Table 3.63). The child born SGA had 

height SDS greater than that o f  its non-SGA twin in tw o o f  the tw in pairs (B and C). 

In the two other tw in pairs (A and D) height SDS was considerably less in the child 

born SGA. O f note, BMI SDS was less in the child born SGA than in the non-SGA 

twin in all 4 cases which is reassuring. Head circum ference at 4-6 years was sim ilar 

within each twin pair. Due to the small num bers involved, it was not possible to 

perform  any statistical analysis o f  auxological outcom e at 4-6 years in these tw in 

pairs.

Table 3.63 SGA: Non-SGA Twins -  Birth Data & Auxology at 4-6 years

Twin
Pair

Sex Age Gest BW
SDS

BO Ht
SDS

Corr
HtSDS

w t
SDS

BMI BMI
SDS

HC
SDS

A* M 5.4 37 '̂ -2.1 1 -0.9 -1.6 -1.6 13.8 -1.6 -0.6

A F -0.8 2 1.7 1.0 1.0 15.4 0.0 -0.7

B* M 5.5 37*‘* -2.8 2 -0.9 0.0 -1.2 14.5 -0.9 0.2

B M -1.0 1 -1.1 -0.2 -0.8 15.5 0.0 0.5

C* F 5.5 36̂ * -2.2 2 -0.1 0.1 -0.1 15.4 -0.1 +0.8

c M -0.9 1 -0.6 -0.3 -0.4 15.5 0.0 N/A

D* F 4.7 39̂ * -2.5 1 -0.5 -1.0 -0.2 16.0 0.3 0.5

D M -1.9 2 0.5 0.0 1.3 17.5 1.4 -0.3

*SGA twin
Gest = gestation; BW SDS = birth weight SDS; BO =  birth order; Ht =  height; 
Corr Ht =corrected height; W t = weight; HC = head circum ference
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3.1.14.13 Admissions to Special Care Baby Unit

71%  (40) o f  the SGA infants seen had been adm itted to the SCBU. The com m onest 

reason for adm ission was in the category “ low birth w eight/lU G R /prem aturity” (18% ) 

with 10% being adm itted due to clinical signs o f  perinatal asphyxia or low Apgar 

scores, and 7% having hypoglycaem ia or hypotherm ia. Reason for adm ission was not 

docum ented in 17%. Reported m edian length o f  stay in SCBU was 1.3 weeks (range 1 

day to 14 weeks).

3.1.14.14 Follow up in Infancy

Parents reported that 46%  (26) o f  the infants had been followed up in terms o f  growth 

and/or developm ent at the Coom be W om en’s Hospital. In 12 cases the m other 

reported that there had been som e concern regarding the ch ild ’s weight gain at some 

point in time, 9 o f  whom  had attended the CW H until discharge or referral to a 

specialist by age 2 years. O f the other 3 cases the m other had not been followed up at 

CW H  but had later sought medical advice from a Paediatrician due to concerns 

regarding her ch ild ’s growth.

3.1.14.15 Developmental progress at 4-6 years

Developm ental concerns were reported by the m other in 30%  (17) o f  the children 

seen. Hearing problem s secondary to glue ear had been a transient concern in 4 

children. The concern in the rem aining 13 children was in the area o f  delayed speech 

and language acquisition (11 had been referred to speech and language therapy). In
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addition other developm ental problem s were reported in 3 children o f  these children 

(one with autistic spectrum  disorder, the other two had been investigated for global 

developm ental delay with a white m atter abnorm ality being detected in one child).

S chooling

The m ajority o f  the children assessed were in m ainstream  education. Rem edial 

teaching was required by 2 children in the m ainstream  setting. Special schooling was 

required by 2 children: 1 child had autistic spectrum disorder and the other had global 

developm ental delay o f  unknown cause (despite m ultiple investigations) (Table 3.64).

T ab le  3 .64  C hildren  w ith  learning d isabilities  requ ir ing  specia l schoo ling

Diagnosis Autistic Spectrum Disorder Global Delay

Gender Male Female

Age (years) 5.7 5.2

B W SD S -2.1 -2.2

Gestation 42"' 36"'

lUGR No Yes

SCBU No Yes

Auxology at 4-6 years

H tSD S -0.8 -0.8

W tS D S -2.7 -1.1

BMI SDS -0.6 -2.0

H C S D S 0 -1.9

Ht =Height; C orrH t = Height corrected for m id-parental height;
W t =W eight; BMI = Body Mass Index; HC=Head circum ference
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3.2 P o p u l a t i o n  (2) - P a t i e n t s  B o r n  SGA T r e a t e d  w i t h  GH

3.2.1 Patien t Population

In this study, 20 prepubertal children born SGA with persistent short stature were 

identified who might benefit from treatment with Growth Hormone (GH). With 

parental consent 13 o f these children were included in the North European Study o f 

Small for Gestational Age (NESGAS study) and treated with high dose 

(0.067mg/kg/day) GH. A further 2 children were treated outside the NESGAS study 

using the standard licensed dose (0.035mg/kg/day) GH as they were above the age 

limit for inclusion. One o f these patients has Silver Russell syndrome. Data for over 

one year o f treatment is available for 12 patients, 9 o f whom have had two years of 

treatment. In addition 3 other patients have been treated with GH: one for 6 months 

and two for 3 months (Table 3.65).

Table 3.65 Short children born SGA identified fo r G H  trea tm en t

NESGAS Study
Non-NESGAS

Study

C om parison 
g roup  o f patients 
un trea ted  to date

GH Dose 0.067mg/kg/d 0.035mg/kg/d N/A

Total Patients 13 2 5

G H  > ly r 10 2 N/A

GH > 2 yrs 6 2 N/A

N/A = not applicab le
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I

A further 5 patients have been identified with severe short stature, eligible for GH 

treatment, however to date their parents have declined treatment, and their data has 

been analysed for comparison with the GH treated group (see section 3.2.5).

3.2.2 Source of recruitment

There were various sources o f  referral o f the patients with short stature. The birth 

history and birthweight o f patients with short stature attending the Growth clinic at 

AMNCH were reviewed and 4 were identified with a history o f  SGA and eligible for 

GH treatment. A further 3 patients were identified during the CWH follow-up study 

(see Results section 2). The remaining 13 patients were referred by Neonatologists 

(3), Paediatricians (7) and other Paediatric Endocrinologists (3) (Table 3.66).

Table 3.66 Source o f referra l for G H  trea tm en t

N um ber

A lready attend ing  AM NCH G row th clinic 4

C W H  follow up study 3

Neonatologist 3

Paed ia tric ian 7

O th er P aed ia tric  Endocrinologist 3
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3.2.3 G row th H orm one Stim ulation Tests

Peak Growth Hormone (GH) levels were assessed in all 20 patients by GH stimulation 

testing to establish the presence or absence o f  GH insufficiency. A normal peak GH 

value was found in 15 patients. In total 5 patients had peak GH values below 20 

mU/L, o f whom 2 patients had a value < 15 mU/L (Table 3.67). This information did 

not affect whether the child would be treated with GH or not, and did not influence 

the dosing schedule during treatment.

Table 3.67 Results o f G row th H orm one Stim ulation Tests

Patien t Type of Test Peak G H  mU/L
1 Clonidine 60.0
2 L- Dopa/Proprano 1 o 1 34.6
3 ITT 16.2
4 ITT 12.4
5 L-Dopa/Propranolol 58.8
6 Glucagon 24.2
7 ITT 35.1
8 Arginine 15.3
9 ITT 34.7
10 L-Dopa/Propranolol 48.2
11 L-Dopa/Propranolol 59.4
12 L-Dopa/Propranolol 81.4
13 ITT 13.2
14 ITT 59.2
15 ITT 47.8
16 L-Dopa/Propranolol 78.2
17 L-Dopa/Propranolol 102
18 ITT 17.5
19 ITT 36.2
20 L-Dopa/Propranolol 38.6
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3.2.4 Growth Hormone Treated Patients

3.2.4.1 Growth Hormone Treated Patients - Birth data and auxology

In total 15 patients received GH treatment: 12 boys and 3 girls. Mean BW SDS was - 

2.5 (-3.5 to -1.8). Detailed birth history and auxological measurements were obtained 

prior to commencing treatment. Mean gestational age was 34^^ weeks. Only 4 of the 

patients were born at term (> 37/40). Median age to start GH treatment was 7.3 years 

(range 4 to 11.8 years). All patients had persistent severe short stature with mean 

height SDS at start of treatment -3.2 (-4.8 to -2.02). They were also short for parental 

height, with mean height corrected for mid-parental height (MPH) -2.7 SDS (-3.6 to - 

1.5). Height velocity was poor with mean height velocity SDS -1 .7  SDS (-6.2 to -0.4) 

(mean height velocity 4.5cm/year: range 0.73 to 6.2cm/yr). Median weight was -3.6 

SDS (-6.5 to -0.8), Mean BMl was low at 14.3 (11.8 to 20.2) and mean BMI SDS -1.7 

(-3.9 to +1.6). Mean head circumference was -2.6 SDS (-6.3 to +0.4) (Table 3.68).

Table 3.68 Summary of birth data & auxology pre GH treatm ent

M easurement Mean SD
BW SDS -2.5 0.5

Gestation (weeks '̂*^^*) 34+2 4 days
Age (years) 7.3 2.5

Ht SDS -3.2 0.8
Corrected Ht SDS* -2.7 0.7

HV SDS -1.7 1.5
Wt SDS -3.6 1.5

BMI 14.3 2.4
BMI SDS -1.7 1.6
HC SDS -2.6 1.7

*Height SDS corrected for MPH m id-parental height
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The birth data characteristics o f  each individual patient are outlined in Table 3.69 and 

individual baseline auxology prior to starting GH treatment is detailed in Table 3.70.

Table 3.69 Birth data o f individual patients treated with GH (N = 15)

Pt Sex G estation BW (kg) B W SD S HC (cm) H C S D S BL (cm) B LSD S

1 M 40+5 2.78 -2.0 N/A N/A 47.0 -2.3

2 M 38+4 2.41 -2.0 N/A N/A - -

3 F 34+0 1.08 -3.4 27.8 -2.4 36.0 -5.3

4 M 30+1 1.00 -2.1 30.0 1.1 30.0 -

5 M 32+1 1.19 -2.3 29.0 -0.8 30.0 -

6 M 29+6 0.78 -2.9 24.5 -3.0 33.5 -

7 M 38+2 1.67 -3.6 32.5 -1.3 39.0 -5.4

8* M 32+0 1.00 -2.9 26.0 -3.0 36.0 -

9 M 35+4 1.58 -2.7 29.5 -2.3 42.0 -2.8

10 M 32+5 1.36 -2.0 N/A N/A 37.8 -

II F 33+0 1.22 -2.5 N/A N/A N/A N/A

12 M 28+2 0.69 -2.6 N/A N/A N/A N/A

13 F 38+4 1.90 -3.0 N/A N/A 45.0 -2.2

16** M 36 2.00 -2.0 N/A N/A N/A N/A

17t M 34 1.34 -2.7 27.4 -3.1 N/A N/A

BW = B irth  W eight; HC = H ead circum ference; BL = B irth Length 
- Not possible to calculate by Cole methodology due to p rem atu rity  
N/A = not available
*Twin 2 of M Z tw in pa ir **Twin 1 of DZ twin pair 
t Silver Russell Syndrom e
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Table 3.70 Pre treatment auxology of individual patients treated with GH

Pt

Age

S tart

GH

H tSD S
MPH

SDS

Ht

C orr

MPH

W t

SDS
BMI

BMI

SDS
HC

HC

SDS
HV

HV

SDS

1 9.9 -4.8 -3.1 -1.7 -4.4 15.6 -0.5 50.0 -2.8 0.7 -6.2

2 9.9 -3.4 -0.9 -2.5 -0.8 20.2 1.6 53.0 -0.9 3.4 -2.5

3 6.6 -3.5 0.0 -3.5 -4.3 12.7 -2.2 48.0 -3.7 5.1 -1.0

4 5.5 -3.1 -0.1 1 o -3.7 13.6 -1.8 50.9 -1.4 4.0 -2.3

5 7.9 -2.0 0.3 -2.3 -1.4 15.6 -0.1 54.4 0.4 4.8 -1.0

6 4.7 -4.5 -0.9 -3.6 -6.5 12.2 -3.8 48.3 -2.9 6.4 -0.4

7 7.0 -2.8 0.8 -3.6 -4.5 12.2 -3.4 52.3 -0.8 5.5 -0.5

8* 5.7 -2.5 -0.4 -2.2 -3.9 12.6 -3.0 48,0 -3.3 6.0 -0.4

9 7.2 -2.5 -1.0 -1.5 -3.1 13.6 -1.7 48.9 -3.0 5.0 -0.9

10 7.0 -3.4 -0.7 -2.7 -4.1 13.4 -1.9 50.0 -2.3 5.5 -0.4

11 4.0 -3.8 -0.2 -3.6 -5.9 1 1.8 -3.9 43.5 -6.3 5.7 -1.2

12 4.9 -2.7 -0.1 -2.6 -3.9 13.0 -2.7 48.4 -2.9 4.8 -1.7

13 5.6 -3.4 -0.5 -2.9 -3.9 13.1 -1.9 48.0 -3.3 4.5 -1.8

16 11.6 -2.6 -0.5 -2.1 -1.9 16.7 -0.3 N/A N/A 2.9 -3.0

17 12.0 -3.7 -0.9 -2.8 -2.3 17.9 0.3 N/A N/A 3.8 -2.0

Ht =  height; M P H  = m id -p a ren ta l  he ight;  H t C o r r  M P H  = height  c o rrec ted  fo r  m id -p a ren ta l  height;  
W t  =  w eight  B M I =  body mass index;  H C  = head c ircum fe rence ;  HV = he igh t  velocity
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3.2,4.2 Growth Response following Growth Hormone treatment

All patients had a significant increase in growth following GH treatment (Figure 3.3). 

This figure illustrates the change in height SDS in all patients from pre-treatment (-3 

months), baseline (0 months) and while on GH treatment (0 to up to 30 months).

Figure 3.3 Change in Height SDS while on GH treatment (N = 15)
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Mean increase in height SDS was +1.1 SDS after one year o f  treatment as calculated 

for 12 patients. Mean increase in height velocity was +6.3 SDS. Mean increase in 

weight was +1.2 SDS, mean increase in BMl SDS was +0.5, and mean increase in 

head circumference was +0.5 SDS (Table 3.71).
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Table 3.71 Growth Response following one year of GH treatment (N = 12)

Measurement Baseline* 1 Year* P

Height SDS -3.2 (0.2) -2.3 (0.3) <0.001

HV SDS -1.7 (0.5) 4.6 (0.6) <0.001

W eight SDS -3.4 (0.5) -2.2 (0.4) <0.001

BMI SDS -1.4 (0.5) -0.9 (0.3) 0.021

Head Circ S D S ' -2.1 (0.4) -1.6 (0.4) 0.007

*M ean (SE); + calcu la ted  fo r 10 patien ts

These results were similar to those found in the interim results o f the NESGAS study 

which included the Irish patients (Table 3.72).

Table 3.72 Growth Response for NESGAS patients (N = 22)

Baseline* 1 year* P

Height SDS -3.2 (0.1) -2.1 (0.2) <0.001

HV SDS -1.1 (0.3) 4.0 (0.4) <0.001

Weight SDS -3.3 (0.3) -2.1 (0.2) <0.001

BMI SDS -1.7 (0.4) -1.2 (0.3) 0.008

*lV!ean (SE)
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3.2.4.3 Growth response in older children starting GH (age > 9.9 years)

The growth response in the children who started GH later (at age 9.9 years or older) 

was generally less than that in those who started at a younger age (4-9 years). Two of 

these patients (patients 2 and 17) have been treated with lutenising hormone releasing 

hormone (LHRH) analogue in an attempt to arrest the progression o f puberty and 

allow more growing time and benefit from GH treatment (Figure 3.4).

Figure 3.4 Change in Height SDS in older children starting GH (age > 9.9 yrs)
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3.2.5 C om parison G ro u p  -  C hildren born SGA eligible for G H  but not yet treated

U ntreated  com parison group - b irth  data and auxology

Data on 5 children born SGA followed for at least 12 months but not yet treated with 

GH are presented in order to provide a comparison with the GH treated group in terms 

o f height velocity. Birth data were similar to the GH treated group with mean birth 

weight SDS -2.5 (-3.2 to -2.1) and mean gestational age o f  34 weeks (Table 3.73). All 

patients were short with mean height SDS -2.8 (-3.4 to -2.2). They were also short for 

parental height; mean height corrected for mid-parental height was -1.9 SDS (-2.6 to - 

1.0). Mean weight SDS was -3.0 (-3.9 to -2.0), mean BMI SDS was -1.7 (-2.7 to -0.7) 

and mean head circumference SDS was -1.4 (-1.5 to -1.3).

Table 3.73 Baseline data  in un treated  SGA patien ts (N = 5)

M easurem ent M ean SD

BW  SDS -2.5 0.4

Age (years) 5.6 1.1

H t SDS -2.8 0.5

C orrected  H t SDS -1.9 0.8

HV SDS -0.4 0.8

W t SDS -3.0 0.8

BM I 13.8 0.7

BM I SDS -1.7 0.9

HC SDS -1.4 0.1

* Height SDS corrected for MPH mid-parental height
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The characteristics o f  each individual patient are outlined in the tables on birth data 

and baseline auxology (Tables 3.74 & 3.75). In all cases the parents have not yet 

consented to GH treatm ent for their child.

Table 3.74 Birth data individual untreated SGA patients - comparison group

Patient Sex Gestation BW (kg) BW SDS HC (cm) HC SDS BL (cm)

BL

SDS

18 F 40+3 2.10 -3.2 N/A N/A N/A N/A

19 M 28+0 0.66 -2.4 N/A N/A N/A N/A

20 M 36+4 1.90 -2.3 N/A N/A N/A N/A

14 M 37+1 1.93 -2.5 N/A N/A 44 -2.4

15 M 33+1 1.40 -2.1 N/A N/A 39 -3.3

N/A = not available

Table 3.75 Baseline auxology individual untreated SGA patients -  

comparison group

Patient Age H tS D S

MPH

SDS

H tC orr

IWPH W tSD S BMI BMI SDS HC SDS

HV

SDS

18 7.0 -3.1 -1.0 -2.1 -2.7 14.6 -0.7 -1.3 -0.3

19 4.6 -3.4 -1.5 -1.8 -3.9 13.8 -1.7 -1.6 -0.7

20 4.2 -2.2 -1.4 -0.8 -2.0 13.1 -2.7 -0.9 1.0

14 6.2 -2.6 -1.6 -1.0 -3.7 13.0 -2.4 -3.6 -1.0

15 6.2 -2.9 -0.3 -2.6 -2.9 14.4 -0.9 -1.5 -0.8

H t = height; M PH = m id-parental height; H t C o rr MPH = height corrected for m id-parental 
height; W t = weight BM l = body mass index; HC = head circum ference; HV = height velocity
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Untreated comparison group - height velocity in children born SGA

Poor height velocity was docum ented in 4 patients 6 after intial presentation (m ean 

HV SDS w as -0.4 (-1.0 to +1.0)). In one case height velocity was above the mean 

(+1.0 SDS) follow ing 6 m onths o f  growth m onitoring, but subsequently decreased to - 

1.6 SDS after one year o f  further m onitoring (Table 3.76). H eight velocity 

deteriorated in all patients after one year o f  growth m onitoring (m ean HV SDS o f -1.5 

(-2.4 to -0.7)). The height velocity o f  this untreated com parison group was sim ilar to 

the pre-treatm ent height velocity o f  the GH treated group (by independent t test t =

1.8, p < 0.08). Height velocity following one year o f  GH treatm ent in the GH treated 

group (N = 12) increased significantly in contrast to this untreated com parison group 

(t = 9.74, p <  0.001).

Table 3.76 Individual height velocity -  untreated comparison group

Patient H tS D S

HV

SDS

Ht SDS after 

1 year

H V SD S 

afte r 1 year A HV SDS

18 -3.1 -0.3 -3.3 -2.4 -2.1

19 -3.4 -0.7 -4.1 -1.4 -0.7

20 -2.2 1.0 -2.5 -1.6 -2.6

14 -2.6 -1.0 -2.6 -1.2 -0.2

15 -2.9 -0.8 -2.9 -0.7 +0.1

Ht = height; HV = height velocity; A HV SDS = change in HV SDS
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3.2.6 Glucose Homeostasis

3.2.6.1 O ral Glucose Tolerance Test at baseline

All patients had a baseline OGTT performed prior to commencing GH treatment to 

out rule impaired glucose intolerance or diabetes mellitus. The OGTT was normal in 

all patients at baseline thereby excluding glucose intolerance in these patients (Table 

3.77). Mean fasting glucose was 4.3mmol/L, at 60 minutes mean glucose was 

5.8mmol/L and at 120 minutes it was 4.8mmol/L.

Table 3.77 OGTTs — Pre GH treatm ent

Glucose mmol/L

Patient Omins 60mins 120mins
1 4.4 6.1 4.9
2 4.6 4.5 5.3
3 4.3 4.2 5.5
4 4.2 5.4 4.8
5 4.0 5.5 4.9
6 3,9 5.1 5.2
7 5.1 7.4 3.4
8 4.5 6.6 5.1
9 4.0 4.3 5.3
10 4.6 7,2 3.0
11 4.0 4.8 3.8
12 4.0 6.1 4.5
13 3.8 5.9 4.9
16 4.7 5.7 4.6
17 4.7 8.3 6.5
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3.2.6.2 Insulin sensitiv ity  at baseline and following 1 year o f G H  treatm ent

The 13 children enrolled  in the NESGAS study, prior to com m encing high dose GH 

(0.067m g/kg/day) w ere also tested by an Intravenous G lucose Tolerance Test 

(IVG TT) to  determ ine insulin sensitivity. H om eostasis M odel Assessm ent-S 

(H O M A 2-S% ) as a m arker for insulin sensitivity was calculated using the fasting 

glucose and C -peptide values obtained during the IV G TT (Table 3.78). At baseline in 

13 patients m ean H 0M A 2-S %  was 252%  (SD = 110). These results are normal, 

considering the norm al healthy individual would have a H O M A -S ~  100%, how ever 

no specific reference values are available for children.

T able 3.78 IVG TTs -  Pre GH treatm ent (N =  13)

Patient Fasting G lucose

C-peptide

nm ol/L HO M A2-S%

1 3.9 0.21 240.4

2 5.3 0.28 160.8

3 4.3 0.26 182.6

4 4.2 0.15 331.3

5 4.1 0.10 498.6

6 4.4 0.20 231.5

7 4.2 0.18 262.5

8 4.2 0.21 230.6

9 4.6 0.37 125.8

10 4.3 0.17 278.6

11 4.8 0.19 239.1

12 4.2 0.13 365.9

13 4.7 0.36 130.4
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At one year following GH treatment in 9 patients, mean H 0M A 2-S%  was 155% (SD 

= 107) as assessed by IVGTT which suggests a decrease in insulin sensitivity. 

However, there was no significant difference between HOMA-S at baseline and at one 

year by paired t test (t = 2.12, d f  = 8, p = 0.07) (Table 3.79).

T ab le  3.79 IV G T T s -  Follow ing one y ea r o f G H  tre a tm e n t (N = 10)

P a tien t F asting  G lucose

C -peptide

nm ol/L H O M A 2-S%
1 5.2 0.80 56.6

2 4.8 0.57 80.8

3 4.5 0.38 124.0

4 3.8 0.14 353.6

5 4.8 0.51 89.7

6 3.7 0.17 301.4

7 4.4 0.25 187.3

8 4.7 0.33 140.9

9 5.4 0.74 59.4

10 5.0 pending pending

N/A = not applicable

Individual patient insulin and glucose values for each time point in the IVGTTs at 

baseline and one year following one year o f  GH treatment can be seen in Appendices 

XII and XIII respectively.
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3.2.6.3 Insulin secretion at baseline and following one year o f GH treatment

Insulin secretion was assessed by IVGTT measuring insulin levels at 3 time points 

prior to and 4 time points following an infusion o f  glucose (Figure 3.5). Data on 9 

patients were available from IVGTT at both baseline and following a full year o f  GH 

treatment. When basal insulin levels before treatment (in green), and following one 

year o f treatment (in red) were compared, not only were basal levels increased 

following one year o f  treatment, but the acute glucose-stimulated insulin response was 

also larger at 1 year compared to the pre-treatment response.

Figure 3.5 Insulin Secretion in Irish Patients -  Pre and following one year of 
GH treatment (N = 9)
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Similar results were seen with the interim results o f the NESGAS group o f 22 

patients, which includes the Irish cohort (Figure3.6).

Figure 3.6 Insulin Secretion NESGAS Patients N = 22
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3.2.6.4 Insulin & C-peptide values before & following 1 year of GH treatment

Insulin and C-peptide values were assessed during IVGTT. Pre GH treatment insulin 

values were lower than when repeated following one year o f GH treatment. Fasting 

basal insulin levels had quadrupled and C-peptide levels had doubled, which was 

statistically significant (p = 0.01 and p = 0.02 respectively) indicating that insulin 

secretion had increased (Table 3.80).

Table 3.80 Insulin & C-peptide pre and following one year of GH (N = 9)

Measurement Baseline* 1 year* P

Insulin (pmol/1) 12.9(1.6) 56.9 (9.7) 0.01

C-peptide (pmol/1) 217(26) 433 (80)^ 0.02

*Mean (SE)

These were similar to findings in the NESGAS study interim results o f 22 patients 

which includes the Irish patients (Table 3.81).

Table 3.81 Insulin & C-peptide pre and following one year o f GH (N = 22)

M easurement Baseline* 1 year* P

Insulin (pmol/1) 17.0(1.6) 48.3 (4.7) <0.001

C-peptide (pmol/1) 191 (20) 449 (29) <0.001

*Mean (SE)
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3.2.6.5 Insulin Disposition Index

The insulin disposition index is the product o f  insulin secretion and insulin sensitivity. 

Insulin secretion as assessed by the area under the insulin curve (AUC) from 0-10 

minutes during the IVGTT. The area under the curve (AUC), calculated according to 

the trapezoid rule, is an accurate measure o f  insulin secretion over a time period. 

Insulin sensitivity was determined by using HOMA-S% (using fasting insulin C- 

peptide levels). In this figure insulin secretion is plotted against insulin sensitivity 

before (in green) and after 1 year o f treatment (in red). There was no significant 

change (p = 0.5) in disposition index (DI) (insulin secretion x insulin sensitivity) 

following one year o f  GH treatment, therefore as insulin sensitivity decreases, insulin 

secretion increases to compensate (Figure 3.7).

Figure 3.7 Disposition Index for patients pre GH treatment (N = 9) & 

following 1 year of GH treatment (N = 7)
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3.2.6.6 Oral Glucose Tolerance Test - following 2 Years of GH Treatment

(a.) High dose (0.067mg/kg/day) GH treated group (N=7)

All 7 Irish patients w ithin the N ESG A S study had oral glucose tolerance tests 

(OGTT) perform ed following tw o years o f  GH. The blood glucose results were 

reassuringly normal. M ean glucose values at 0, 60 and 120 m inutes on O G TT were 

norm al pre GH treatm ent and following two years o f  GH treatm ent (Table 3.82). 

H owever there was a statistically significant increase in m ean glucose value at 0 

m inutes following one year o f  GH treatm ent (mean 4.4m m ol/L  pre treatm ent to a 

m ean o f  5.0m m ol/L at 2 years: t = 2.7, d f  = 6, p = 0.04). There was also an increase at 

60 and 120 m inutes but these were not statistically significant (5.4 versus 5.8 @  60 

minutes and 4.9 and 5.5 @  120 m inutes; t =  0.7, d f  = 6, p =  0.5 and t =  1.8, d f =  6, p = 

0.1 respectively). Insulin results for these patients are pending.

Table 3.82 NESGAS patients OGTTs -  following 2 years o f GH

Glucose (mmol/L)

Patient Omins 60mins 120mins

1 4.7 5.4 5.3

2 5.3 6.9 5.5

3 4.6 4.9 4.4

4 5.3 7.4 6.6

5 5.1 4.2 5.9

6 5.4 5.9 5.9

7 4.7 6.1 4.7
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(b.) Low dose (0.035mg/kg/day) GH treated group (N = 2)

The 2 children who received standard dose GH (0.035mg/kg/day) had only an oral 

glucose tolerance test (OGTT) performed at baseline, 1 year and 2 years following 

GH treatment. The OGTTs were normal at all 3 time points, with no significant 

change in the mean glucose values observed at 0, 60 and 120 minutes between 

baseline and one year, and baseline and 2 years (Table 3.83).

Table 3.83 Non-NESGAS patients OGTTs: pre treatment, at 1 year & 2 yrs

Baseline Year 1 Year 2

Patient 0* 60 120 0 60 120 0 60 120

16 4 7+ * 5.7 4.6 4.8 5.4 4.8 4.9 4.6 5.5

17 4.7 8.3 6.5 5.0 5.7 4.9 5.3 5.5 4.8

*Tim e expressed  in minutes 
**Glucose values in m m ol/L



3.2.6.7 Glycosylated Haemoglobin A le  levels (H bA les)

Mean H bA lc at baseline was 5.4% (4.7-5.9%). There was a small increase in H bA lc 

following 6 months o f  GH treatment (mean = 5.7%, 5.3-6.2%) which was statistically 

significant (p = 0.002), however these levels returned towards pre-treatment values by 

9 months (Figure 3.8) and at one year mean H bA lc was 5.5%. Throughout treatment 

H bA lc levels on all patients remained within or very slightly above the normal range 

(4.6-5.8%). The maximum H bA lc was 6.3% observed in one patient, and two patients 

had values o f 6.2%. The values for individual patients can be seen in Appendix XIV.

Figure 3.8 Profile of H bA lc (%) levels pre and during course o f GH 
treatment
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3.2.7 Insulin like Growth Factors (IGF-1)

IGF-1 levels were performed on 18 patients, 15 o f whom received GH treatment and 3 

o f whom were not treated with GH. Mean lGF-1 in the 18 patients was -0.9 SDS (-2.6 

to 0.5 SDS). In addition, data is available at baseline and following one year o f GH 

treatment in 11 patients which showed an increase in mean IGF-1 SDS from -0.8 SDS 

at baseline to +1.2). In 8 patients following two years o f GH treatment showed similar 

IGF-1 SDS values; +1.1 and +1.0 SDS at one year and two years respectively (Table 

3.84).

Table 3.84 IGF-1 SDS levels at baseline & following one year of GH

Number Baseline* 1 Year* P 2 Year* P

11 -0.8 (0.3) 1.2 (0.2) <0.000 N/A N/A

8 -1.0 (0.3) 1.1 (0.2) <0.000 1.0 (0.5) 0.008

*Mean (SE)

These IGF-1 SDS results were similar at one year in the Irish cohort and in the full 

NESGAS group which included the Irish patients (Table 3.85).

Table 3.85 IGF-1 SDS levels at baseline & following one year of GH

NESGAS patients (N = 22)

No. of Patients Baseline* 1 Year* P

22 - 1.1 (0 .2 ) 1.2 (0 .2 ) < 0.001

*Mean (SE)
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A profile o f 3 monthly lGF-1 levels which were assessed as part o f  ongoing patient 

monitoring are shown in Figure 3.9. It shows the IGF-1 SDS profile for all patients 

from baseline and during GH treatment. It illustrates the normalisation o f IGF-1 SDS 

levels towards the mean. In all but 3 patients baseline IGF-1 SDS levels were below 

the mean and within 3 months o f GH treatment they had begun to rise (to varying 

degrees). In two patients minor adjustments o f GH were made; patient 2 high IGF-1 

levels resulted in some concern, and the dose o f GH was reduced until IGF-1 levels 

had normalised. In patient 6 fluctuations in IGF-1 SDS levels were seen, this patient 

had developed mild periorbital oedema which was thought to be related to the high 

dose o f GH, thus it was several months before he achieved full dose o f GH. Individual 

IGF-1 levels at baseline, and following 1 and 2 years o f  GH treatment can be seen in 

Appendix XV.

Figure 3.9 Baseline IGF-1 SDS and change over course of GH treatment
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3.2.8 Associations with growth velocity -  baseline & following 1 year of GH 

treatment

Association of IGF-1 levels & insulin secretion with growth velocity at baseline

The strongest relationship o f baseline height velocity (HV) was with acute insulin 

secretion although this association was not statistically significant (r = 0.44, p = 0.15). 

There was no association between IGF-1 levels and baseline height velocity (Table 

3.86).

Table 3.86 Associations of IGF-1 levels & insulin secretion with baseline HV

Height velocity SDS P

IGF-I SDS* r = -0.17 p = 0.5

Insulin ADC (0 - 10 min)** r = 0.44 p = 0.15

* N = 18 ** N = 12

These were similar to findings o f the NESGAS study, in 22 patients, which includes 

the Irish patients (Table 3.87).

Table 3.87 Associations of IGF-1 levels & insulin secretion with baseline HV 

NESGAS patients (N = 22)

Height velocity SDS P

IGF-I SDS* r = -0.16 p = 0.5

Insulin AUC (0 - 10 min)* r = 0.39 p = 0.04

* N = 22
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Association o f insulin secretion with im provem ents in grow th velocity follow ing 1 

year o f G H  treatm ent

The increase in acute insulin secretion showed the closest association with the 

im provem ents in height velocity following one year o f  G H treatm ent although this 

was not statistically significant (r = 0.6, p = 0.15). A gain the change in IGF-I levels 

was not strongly related to changes in height velocity (Table 3.88).

Table 3.88 A ssociations o f A IGF-1 SDS «& A insulin secretion with

im provem ents in HV following 1 year o f GH

A H eight velocity SDS P

A IG F-I SD S t r = 0.28 11 o

A Insulin AUC (0 - 10 min)* r = 0.60 p =  0.15

* N = 7 t N = l l

These results were sim ilar to those found in the N ESG A S study o f  22 patients which 

includes the Irish patients (Table 3.89).

Table 3.89 A ssociations o f A IGF-1 SDS &  A insulin secretion with

im provem ents in HV following 1 year o f G H  [NESG AS (N =  22)]

A Height velocity SDS P

A IG F-I SDS r = 0.15 p = 0.3

A Insulin AUC (0 - 10 min) r = 0.44 p = 0.04

N = 22
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3.2.9 Bone Age

Bone age was assessed by x-ray o f  the left wrist and hand using the methodology of 

Greulich and Pyle. At baseline, bone age was appropriate or delayed in all 20 patients 

Mean delay when compared to chronological age was 21.4 months (range 0 to 59 

months). Following one year o f GH treatment in 12 patients, there was no change in 

mean bone age delay which was 23 months (range 0 to 48), and following 2 years of 

GH in 8 patients mean delay in bone age was 17.1 months (range 0 to 36). There was 

no inappropriate advancement in bone age in any patient at baseline or following GH 

treatment (See Figure 3.10 and Appendix XVI).
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This figure illustrates the degree o f delay in bone age in each patient (chronological 

age minus bone age) and the improvement in the degree o f bone age delay while on 

GH treatment. All patients had delayed (N = 18) or normal bone age (N = 2) at 

baseline. Most patients had some small decrease in the degree o f bone age delay while 

on GH treatment, however only one patient reached a bone age appropriate for 

chronological age, and no patient developed advanced bone age (Figure 3.10).

Figure 3.10 Delay in bone age as assessed at baseline (N = 20), after one year of 

GH (N = 12) and after 2 years (N = 9)
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3.2.10 Dual Energy X-ray Absorptiometry (DXA)

DXA scans were perform ed at baseline and repeated at one year follow ing initiation 

o f  GH treatm ent. Full body data at baseline w as analysed on 13 patients, whereas in 4 

patients data was available at one year but not at baseline due to technical difficulties. 

At baseline, m ean total lean body mass was 11.9kg, m ean bone m ineral content was 

0.49kg and m ean bone m ineral density was 0.80g/cm^ (Table 3.90).

Table 3.90 Pre GH treatm ent DXA flndings (N =  13)

Lean Body Mass (kg)*

Bone Mineral Content 

(kg)*

Bone Mineral Density 

(g/cm^)*

11.9 (3 .3 ) 0.49  (0 .2 ) 0.8  (0 .05 )

*Mean (SD)
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C om paring DXA scan results at baseline with those at one year following GH 

treatm ent in 8 patients by paired t test, statistically significant im provem ents in total 

lean body m ass and total bone mineral content (t = 7.8, d f  =  7, p < 0.001 and t =  4.4, 

d f  =  7, p =  0.003 respectively) w ere found. A m arginal im provem ent in bone mineral 

density was also observed but this was not statistically significant (t = 1.3, d f  = 7, p = 

0.2) (Table 3.91). V alues for individual patients can be seen in A ppendix XVII.

Table 3.91 DXA findings at baseline and 1 year following GH (N = 8)

Lean Body M ass (kg)*

Bone Mineral Content 

(kg)*

Bone Mineral Density 

(g/cm^)*

12.7(3 .5) 0.51 (0.2) 0.81 (0.05)

17.2 (4.7) 0.77 (0.2) 0.82 (0.05)

p <  0.001 p = 0.003 p = 0.2

*Mean (SD)
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CHAPTER FOUR 

DISCUSSION



CHAPTER 4 DISCUSSION

4.1 I n t r o d u c t io n

Children bom small for gestational age (SGA) are at risk o f perinatal complications 

(Figueras et al., 2007, Doctor et al., 2001) (Cnattingius et al., 1998), short final adult 

height (Karlberg and Albertsson-W ikland, 1995, Luo et al., 1998) and health 

problems in adult life including the metabolic syndrome (Gluckman and Hanson, 

2006, Barker, 2004a). Birth weight, the strongest determinant o f perinatal survival, is 

a simple inexpensive measurement performed at the threshold between intrauterine 

and extrauterine life, and when assessed with respect to gestational age and gender, 

provides important information on pre-natal development and may indicate risk 

markers for health problems in later life. Detection o f  SGA should occur as early as 

possible, ideally by detection o f fetal growth restriction, or at least at birth, so that 

appropriate follow up can be arranged beyond the neonatal period and into childhood.

4 .2  P o p u l a t i o n  (1 ) -  C o o m b e  W o m e n ’s  H o s p i t a l  C o h o r t  

4 .2 .1  Identifying Patient Population

A two year birth cohort o f  14,840 births recorded for the period 1*‘ July 1999 -  SO**̂ 

June 2001 was studied. Following exclusions for congenital anomalies and 

syndromes, 284 SGA infants were identified which was 2% of the total infants 

(14,366) analysed. This is consistent with the definition o f SGA used which



approxim ates to those infants born with birth weights below the 2"“̂ centile for 

gestational age.

Birth w eight m easurem ents are determ ined on all babies after birth. Infants are 

weighed in the delivery suite using digital weighing scales w hich are calibrated 

regularly. In all but one case, m other’s recall o f  her infant’s birth w eight was 

inconsistent with that docum ented in the database. Possible overestim ation o f  birth 

weight can occur in cases w here an infant is oedem atous due to  an anom aly or use o f 

equipm ent such as naso-tracheal tubes used in resuscitation; how ever those with 

known anom alies and extrem e prematurity were excluded from  this study.

4.2,2 Excluded Babies

A m ajor challenge in the study was the process o f  extracting the data from the 

available database and excluding those who would not be eligible for analysis. In 

total, 449/14804 (3% ) o f  the infants documented in the Coom be W om en’s hospital 

database were excluded from the onset; 111/449 (25%) o f  these exclusions were due 

to docum ented death o f  the infant (either antenatal or neonatal). Infants born at a 

gestational age less than 28 com pleted weeks accounted for 57/449 (13% ) o f  the 

exclusions and were excluded for tw o reasons: (i) D ue to lack o f  data, the cross 

sectional height and w eight reference curves for the UK 1990 (Freem an et al., 1995) 

do not allow  calculation o f  BW  SDS below 28 weeks gestation, (ii) Infants born 

below 28 weeks gestation have a high rate o f  com plications o f  prem aturity such as 

chronic lung disease, intra-ventricular haemorrhage (IVH), periventricular 

leucom alacia (PVL) and sepsis -  all factors which can interfere with postnatal growth
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and act as confounding variables. It m ay how ever be argued that these are the infants 

who are m ost vulnerable for post natal growth failure and thus most in need o f  follow- 

up care. Indeed, m uch o f  the literature exploring perinatal outcom es and catch-up 

growth pertains to very low birth w eight or extrem ely premature infants with or 

w ithout a history o f  fetal growth restriction. However, due to  their history o f  

prem aturity, such infants are always closely followed for tw o years at the Coom be 

W om en’s Hospital for growth and developm ental assessm ent, and thus the danger o f 

growth problem s in such infants not being identified is negligible. This is clearly a 

small proportion o f  infants, born extrem ely prematurely, which requires further study 

in relation to small for gestational age and outcom es in this com plex group.

4.2.3 Congenital Anomalies & Syndromes

Congenital anom alies and syndrom es were identified in two steps. Step one found 

144/449 (32% ) who were excluded from the onset due to a m ajor congenital anom aly 

or syndrom e; and o f  these, 13/144 infants (9% ) were born SGA. This is not surprising 

as infants with certain congenital and chrom osom al anom alies and syndrom es are 

more likely to suffer intrauterine growth retardation which results in small size at birth 

(Baschat and Hecher, 2004, Khoury et al., 1988), (Snijders et al., 1993). As the risk o f  

a m ajor defect being diagnosed in the first year o f  life has been reported to increase 

from 3.3%  for infants w ithout lUGR, to 8% for infants with lUGR, the detection o f 

lUGR m ay also help in the prenatal and neonatal detection o f  congenital anom alies 

(Khoury et al., 1988). The question rem ains as to how m any infants had 

overestim ation o f  birth weight due congenital anom alies such as Potter’s sequence or 

hydrops fetalis causing severe oedem a at birth.
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Step tw o looked at 309/14,391 (2.2%) infants who were born SGA. Consultation with 

the Eurocat register identified a further 11/309 infants with a congenital anom aly or 

syndrom e. U nfortunately Eurocat was not cross-referenced for the non-SGA  infants 

hence the num ber o f  additional infants with a m ajor congenital anom aly or syndrom e 

in this group was not determ ined. For this reason it is not possible to com m ent on 

w hat percentage o f  infants overall born with congenital anom alies or syndrom es were 

born SGA. H ow ever as low birth weight/IUG R is associated w ith a higher incidence 

o f  congenital anom alies one would expect more anom alies in the SGA group than the 

non-SG A group. The total reported prevalence rate o f  m ajor congenital anom alies, 

based on 16 selected European centres is 23.6 per 1,000 births (2.36% ) (EU RO CA T 

C entral Registry Service o f  Epidemiology, 1997).

Following consultation with the Child Health Systems (CHS) register, five children 

who were born SGA were found to have died. U nfortunately cause o f  death was only 

recorded in one case (pulm onary haemorrhage in a prem ature infant) so it is not 

possible to draw  conclusions on the role o f  SGA in these in fan ts’ deaths, although 

only 2 infants were born at term so prematurity is a likely factor. A gain it was beyond 

the scope o f  this study to use the CHS to identify non-SGA infants who may have 

died; hence the overall proportion o f SGA versus non-SGA infants w ho died cannot 

be calculated.

When insufficient data on birth weight or gestation was available (90 infants), it was 

im possible to calculate BW SDS and hence such babies w ere excluded. In other cases 

w here A pgar scores were recorded as 0 at 5 mins (47 infants) the infants were 

excluded as it was not possible to reliably determine if  the infant had been born alive.
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Review  o f  50 infant medical charts was undertaken to identify any infants who had 

been adm itted to SCBU and who had a com plicated m edical history which m ay 

interfere with follow  up. As a result, 9 infants were excluded from the SGA group for 

follow up. One case o f  Sudden Infant Death Syndrom e (SIDS) at 3 months o f  age was 

identified in the SGA twin o f  a SGA/non-SGA twin pair. Preterm and/or low birth 

weight have been consistently identified across studies as one o f  the independent risk 

factors for SIDS (A m erican Academ y o f  Pediatrics Task Force on Sudden Infant 

Death Syndrome, 2005) and being born small for gestational age is thought to cause 

greater hypoxic-related vulnerability for SIDS (M alloy, 2007). This case highlights 

the vulnerability o f  preterm, SGA infants following discharge from hospital. A history 

o f  maternal m ethadone m aintenance during pregnancy and neonatal abstinence 

syndrom e in this case also increased this infant’s risk o f  SIDS. It was not possible to 

establish any further cases o f SIDS on consultation with the National SIDS Register 

due to the lack o f  identifying information hence it is not possible to draw conclusions 

on the incidence o f  SIDS in SGA infants in Ireland. This is in im portant area which 

warrants further research.

4.2.4 Calculation of Gestational Age

Gestational age is defined as the com pleted num ber o f  weeks plus days since the first 

day o f  the last m enstrual period (LM P). The LM P is docum ented by the CW H to 

calculate gestational age when a m other is booking her pregnancy at the hospital. 

Although this m ethod has been widely used (Thom pson et al., 2001, Cnattingius et al., 

1998, Thorp et al., 2002, M clntire et al., 1999), a limitation o f  the definition is that 

estim ated date o f  delivery (EDD) is calculated assum ing a regular m enstrual cycle
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length o f  28 days. This does not take into account variations betw een m enstrual cycle 

durations. Studies have reported that it is more accurate to calculate gestational age is 

by ultrasound scan perform ed in the first trim ester (<  12 weeks). H ow ever at the time 

o f  the study this is not perform ed in all pregnancies (personal com m unication) and the 

reliability  o f  the dating ultrasound scan depends on the tim e at which it is perform ed, 

the operator and is also subject to limitations (Degani, 2001). O ther studies suggest 

that the m ost accurate m ethod for estim ating gestational age includes use o f  

ultrasonography and the date o f  the LM P which correlate w ell w ith eachother and 

with paediatricians’ assessm ents o f  gestational age in neonates (M clntire et al., 1999).

Data on first trim ester ultrasound scans was not available for this cohort and in order 

to overcom e possible limitations o f  using LM P to calculate gestational age, all infants 

with a potentially invalid gestation (> 44 weeks) were identified from the SGA Group. 

Review  o f  their charts identified inconsistencies in records o f  gestational age and 

these infants were excluded from the analysis due to insufficient data. Such cases 

were attributable to ‘late’ or ‘unbooked’ pregnancies w hich m ay have prevented 

accurate calculation o f  gestational age. A recent Irish study (M urrin et al., 2007) 

excluded 10.8% o f  infants due to gestational ages that w ere not biologically credible 

and a previous study in the USA, using a large database reported an exclusion rate o f  

approxim ately 8% for m issing or unreliable information on LM P (Khoury et al.,

1988). Therefore the exclusion rate for this study o f  0.6%  for insufficient data 

com pares favourably. This m ay reflect the high standard o f  detailed com puterised 

data based on patients attending the CWH.
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Since July 2006 all wom en who now book their pregnancy at the CW H have a dating 

scan (personal com m unication). This should improve accuracy o f  calculation o f 

gestational age for future studies (Taipale and Hiilesmaa, 2001, M orin et al., 2005).

4.2.5 Maternal socio-economic characteristics

The main m ediating variables o f  lU G R include; m aternal nutritional factors (maternal 

stature, pre-pregnancy BM I, gestational w eight gain); cigarette sm oking; alcohol 

consum ption and other illicit drug exposure; all o f  which are also know n to be risk 

factors for low birth weight. Given the data available, this study explored the 

influence o f  m arital status, parents’ occupations/socio-econom ic grouping and the 

place o f  residence o f  the m other and rates o f  SGA births. As with previous studies o f  

lower birth w eight (Spencer et al., 1999, Elmen, 1996, David and Collins, 1997), a 

general trend to m arkers o f  social disadvantage was seen in this study, with higher 

rates o f  SGA births to single mothers, to m others from lower socio-econom ic groups 

and to m others living in the Dublin area (city and county) when com pared to non- 

SGA infants. This com pared with Elm en et a l’s study o f  a population o f  22,085 live 

births in Sweden which found a strong relationship with birth w eight SDS and socio

economic index (Elm en, 1996) and to Spencer et a l’s study o f  19,359 births in the UK 

who found that a substantial proportion o f  births < 2500g and <  1500g were 

statistically "attributable" to social inequality (Spencer et al., 1999). However, 

variations in the definitions o f  SGA used in the different studies, the settings in which 

they were undertaken and the outcom es explored, mean that not all observations 

necessarily apply to the Irish situation. Undoubtedly the socio-econom ic profile in 

Ireland is changing, and was undergoing a period o f  unprecedented and rapid change
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around the tim e o f  the start o f  the new millennium  (2000) when the infants studied 

w ere born.

M aternal age w as not analysed in this study, however, analysis o f  infants born in the 

CW H  in the year 2000, w eighing 1500g or less at birth, showed that those born SGA 

w ere m ore likely to be born to slightly older m others (m aternal age range 20-40) 

com pared w ith the A G A infants (maternal age range 17-35) (Coom be W om en's 

Hospital, 2000). Some studies have shown that for unknown reasons, extrem es o f  

m aternal age increase the risk o f  fetal growth restriction (Johnstone and Inglis, 1974) 

and low birth w eight (David and Collins, 1997). H ow ever in other studies, after 

controlling for other confounders, maternal age did not show any significant effect 

(Thom pson et al., 2001).

Marital Status

In this study there was a significant difference in m arital status found between the 

SGA and non-SG A  groups. In the SGA group 51% o f  the m others were single, whilst 

in the non-SG A  group only 32% o f  the m others were single. This is one observation, 

which m ay reflect the impact o f  lower socioeconom ic status on fetal growth which 

has been observed in other studies (Kramer, 1998) (Thom pson et al., 2001, M urrin et 

al., 2007) even with SGA infants born at term (Doctor et al., 2001). A recent Irish 

study by M urrin et al, has reported a direct, graduated relationship between marital 

status and birth w eight. However, the role o f  marital status as a risk factor for adverse 

outcom es such as infant m ortality and low birth w eight is com plex as it has 

interactions with ethnicity, m aternal age and education (D avid and Collins, 1997) 

(B ennett et al., 1994). Hence, a lim itation o f the observations from this study is that 

maternal age and education were not analysed in conjunction with marital status. For
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exam ple, unm arried status alone is not a good predictor o f  infant mortality, as has 

been shown by Bennett et al in her study o f  10.3 m illion mothers. Bennett reported 

risk factors indicating high rates o f  infant mortality am ong unm arried Black women; 

wom en with over 3 children; wom en < 18 and > 34 years old; wom en with fewer than 

12 years o f  education, and wom en with later or no prenatal care. This is due to the fact 

that in general unm arried wom en, regardless o f  race, tend to have higher poverty rates 

(B ennett et al., 1994). Similarly, Sung et al who studied over 200,000 births in the 

USA, reported that unm arried status appears to increase the risk o f  LBW  much more 

am ong adult wom en than am ong teenage women, although ethnicity also plays a role 

(Sung et al., 1993). There is also evidence to suggest that unm arried wom en are more 

likely than m arried wom en to sm oke during pregnancy (Kleinm an and Kessel, 1987). 

The risk o f  m others in de facto relationships (i.e. co-habiting) giving birth to an SGA 

infant was not assessed in this study however in a sim ilar study in New  Zealand o f  

1714 mothers, the risk was found to fall between those for married and single mothers 

(Thom pson et al., 2001). As over 30% o f  infants in Ireland are now born to unmarried 

parents (Central Statistics Office, 2001), a trend which appears to be rising (Central 

Statistics Office, 2004), clearly there is a spectrum ranging from co-habiting two- 

parent fam ilies to unm arried supported or unsupported mothers. However, data in this 

respect were not available for this study and is an area which deserves further 

research.

Parents’ Occupation and Socio-Economic Group

A difference between the SGA group and non-SGA group was found for both 

m others’ & partners’ occupations. Occupations were used as a m arker for socio-
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econom ic group (SEG) based on the classification system  provided by the Central 

S tatistics O ffice Ireland (Appendix VI). The unem ploym ent rate quoted in the 

national census report for the year 2002 was 8.8% and for 1996 w as 14.8%, hence the 

finding o f  this study o f  41%  o f  the total m others and 43%  o f  the total partners 

belonging to SEG 11 (“others gainfully occupied and unknow n”) suggests that there 

was incom plete data for this variable. It is possible that the occupations o f  a large 

proportion o f  this group were “unknow n” instead o f  unem ployed but this was not 

possible to quantify w ith the data available. However, the general trend to lower 

socio-econom ic groups for m others o f  SGA infants and their partners com pared to 

those o f  non-SGA infants, and that they were less likely to be in the higher socio

econom ic groups again suggests that socio-econom ic factors m ay very well have a 

role in the incidence o f  SGA births. These observations are consistent with previous 

studies where Lieberm an found maternal education level and being in receipt o f  

w elfare support to be risk factors for premature birth in a study o f  over 8,000 women 

in the USA (Lieberm an et al., 1987). In addition, David and C ollins found > 12 years 

o f  m aternal education to  be a protective factor for low birth w eight in her offspring 

(David and Collins, 1997). H ow ever as borne out by these studies, level o f  education 

o f  the m others and their partners m ay be a more suitable m easure o f  econom ic status, 

especially if  used in conjunction with data on occupation; how ever such information 

was not available on the database studied. The m echanism  by which poorer 

socioeconom ic status and lower educational levels m ay play a role in fetal growth 

may be linked to the quality o f  w om en’s diets before and during pregnancy. As 

reported by Robinson et al, educational attainm ent was the m ost im portant factor 

related to diet found in a study o f  6125 non-pregnant 20-34 year old wom en o f 

reproductive age in the UK (Robinson et al., 2004). M urrin et al also reported
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educational level o f  the m others’ parents to be independently associated with maternal 

BMI; those with higher educated parents having a lower self-reported pre-pregnancy 

BMI in a recent Irish study (M urrin et al., 2007). An alternative crude measure o f 

socioeconom ic status in Ireland to use is m eans-tested General M edical Services 

(GM S) eligibility w hich was not explored in this study. In addition some o f  these 

factors may influence the level o f  uptake o f  antenatal care, and prevention o f  risk 

factors for SGA such as m aternal sm oking and poverty.

G eographical D istribution

There was a significant difference in the geographical distribution o f  the m others o f  

SGA infants com pared with m others o f  non-SGA infants. A higher proportion o f 

m others o f  infants born SGA were living in the Dublin area (city and county) 

com pared with those in non-SGA group (76%  versus 68%). As the Coom be W om en’s 

Hospital (CW H) is an urban hospital largely serving the Dublin South W est area, it is 

difficult to draw  any definite conclusions from this observation w ithout closer 

exam ining the reasons why wom en outside the Dublin area attended the Coombe 

W om en’s Hospital (CW H) for delivery o f  their infant. In addition, m any o f  the 

addresses given by m others at booking m ay have been tem porary addresses especially 

in the unbooked or late bookers and in the immigrant population, who may have 

m oved out o f  Dublin follow ing their infant’s birth. This is also reflected by the fact 

that 16% o f  addresses were no longer valid (with no forwarding address) when 

m others were w ritten to for the follow-up study 4-6 years after the birth o f  their child. 

As outlined by Z im m er et al, variation by place o f  residence can be a function o f  

differences in characteristics o f  individuals, differences in urban and rural
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com m unities, or a com bination o f  individual and com m unity factors (Zim m er, 2006). 

However, the higher urban distribution o f  m others o f  SGA infants com pared to non- 

SGA infants may point to a general socio-econom ic trend w hich has been observed in 

the other results o f  this study. A lthough urban poverty has been identified as a risk 

factor for low birth w eight in a study o f  over 100,000 births in the USA (Collins and 

David, 1990), the literature on SGA and lU G R does not specifically refer to urban 

versus rural place o f  residence as a risk factor, but rather to socioeconom ic 

disadvantage (Kram er, 1998). A ccording the Central S tatistics O ffice, rates o f  

consistent poverty and those at-risk o f  poverty, are higher in urban com pared to rural 

areas (Central Statistics O ffice, 2007b), as are rates o f  sm oking (Central Statistics 

Office, 2007c).

Social determ inants o f  health are important, generally, yet can have different effects 

in different settings from urban to rural, between countries, between cities, and within 

cities (Om pad et al., 2007) however, the results o f  the m any studies looking at urban 

and rural differences in socio-econom ic status, education levels and health m ay not be 

applicable to the Irish setting. Perhaps more im portant issues to exam ine rather than 

urban or rural place o f  residence as m arkers for social deprivation would be social 

determ inants o f  health such as m em bership o f  the travelling com m unity, refugee 

status or type o f  housing and exposure to consistent poverty (Central Statistics Office, 

2007a), factors w hich were not possible to assess with the data available for this 

study. H ow ever the changing dem ographic profile o f  Irish urban and rural settings 

with overall im provem ents in affluence, em ploym ent rates and infrastructure over the 

past decade and including the study period, would suggest that place o f  residence has 

only a m inor role in rates o f  SGA/IUGR and that factors such as maternal age.
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socioeconom ic status, education level and m aternal sm oking during pregnancy are 

more important.

4.2.6 Ethnic Origin

No difference was found between the SGA group and non-SG A group with respect to 

m others’ place o f  birth or m other ethnic origin in this study. A lthough the literature 

suggests that ethnicity m ay have a role in birth w eight (Sung et al., 1993, Thom pson 

et al., 2001, David and Collins, 1997, Fang et al., 1999), the findings o f  this study 

would suggest that the non-national immigrant population was not over-represented in 

the SGA group. This m ay be related to a variety o f  reasons. M any infants o f  

“unbooked” pregnancies (m others who receive no antenatal care) or “ late bookers” 

(those attending 2 to 28 days before delivery) m ay not have had accurate estim ation o f 

gestational age. A s m others often booked late it was also not possible to reliably 

estim ate gestational age by ultrasound scan. Hence it was not possible to reliably 

calculate birth w eight SDS and infants were excluded from this study due to 

gestations which w ere not valid (> 44 weeks gestation) calculated on the basis o f  

m other’s reported LMP. It is hence conceivable that som e cases o f  SGA in non

national m inority ethnic groups were not detected. However, a recent Irish study o f 

1,954 deliveries to im m igrant women, in another Dublin m aternity hospital, the 

Rotunda Hospital, has identified 'late booker' im m igrants (20%  o f  the deliveries) as a 

high-risk group. The 'late bookers' infants were m ore likely to be preterm, low birth 

weight and had a higher rate o f  neonatal ICU (NICU ) adm issions (p < 0 .0 1 ) (Treacy 

et al., 2006).
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The classification system chosen to analyse ethnic groups was that developed by the 

Perinatal Institute in the UK (Gestation Network, 2007) (A ppendix V) is the 

classification recom m ended by the Royal College o f  Obstetricians and Gynaecologists 

in the UK. A lthough this was the m ost suitable system available, it is noted that the 

ethnicity profile o f  the UK differs greatly to that o f  Ireland. Due to small num bers, the 

subgroups o f  m inor ethnic groups were not exam ined individually. For example, no 

distinction was made between infants o f  Black African m others and infants o f  Asian 

m others in the study. Looking at international studies, we would expect African-born 

black m others to have bigger infants (sim ilar to Irish m others) than Asian mothers 

(David and Collins, 1997) (Fang et al., 1999) (Thom pson et al., 2001, Gould et al., 

2003). Hence pooling o f  such infants in the same group may m ask the influence o f 

such ethnicities on birth weight.

In contrast to these mothers, there was a statistically significant slightly higher 

num ber o f  partners in the SGA group com pared to non-SGA group who were o f  non- 

European origin (13%  versus 8%). However the influence o f  paternal ethnicity on 

birth w eight is thought to be much less than that o f  maternal ethnicity  due to the 

factors involved in maternal constraint (Barker, 2004a).

It is therefore not possible to draw  conclusions on the precise role o f  ethnic origin in 

this study.
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4.2.7 Lifestyle Factors

Smoking

Overall there was a 25.8%  rate o f  maternal sm oking in pregnancy in the cohort 

studied. This com pares with rates o f  smoking found in sim ilar studies (26.2% ) (Horta 

et al., 1997) (30% ) (Kram er, 1998), however a lower rate (11% ) has recently been 

reported in the USA (M artin et al., 2005). Overall rates o f  sm oking for wom en 

(irrespective o f  pregnancy status) in the 18-34 year age group reported by the Central 

Statistics O ffice w ere 40%  and 33%  for 1998 and 2002 respectively (Central Statistics 

Office, 2003). There was a significant difference found in this study in the percentage 

o f  m others o f  SGA infants who smoked during pregnancy com pared with m others in 

the non-SG A group. Overall 55% o f  mothers o f  infants born SGA sm oked in 

pregnancy versus 25.7%  o f  the m others in the non-SGA group (num ber o f  cigarettes 

ranged from occasional to > 20 cigarettes per day). S im ilarly, a recent Irish study has 

shown a clear gradient in relation to maternal smoking, from  38%  o f m others o f  

infants in the lowest quintile for birth weight having sm oked, versus 11.4% o f  

mothers o f  infants in the highest (M urrin et al., 2007). T hese findings while 

concerning are not surprising as cigarette sm oking during pregnancy is the single 

most com m on cause o f  im paired fetal growth (Kram er, 1998) and is also one o f  the 

most im portant avoidable factors associated with low birth w eight (Horta et al., 1997). 

In com parison w ith a specific study o f  rates o f  maternal sm oking in groups o f  SGA 

infants com pared with AGA infants (25% versus 17%) (D octor et al., 2001) the rate 

o f  maternal sm oking in the SGA group in this study appears very high. However, in 

Doctor et a l’s study, SGA was defined as birth w eight < 10th centile. The num ber o f  

cigarettes sm oked also appears to be important. For exam ple, M cDonald et al found
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that sm oking m ore than 20 cigarettes per day was associated with a m ore than 

threefold increased risk o f  delivering an infant with a birth w eight <5"^ centile 

(M cDonald et al., 1992). S im ilar results have been found in this study with 4%  o f  

m others o f  SGA infants sm oking more than 20 cigarettes per day versus 0.7%  in the 

non-SGA  group. The econom ic costs o f  sm oking in relation to low birth w eights are 

substantial and as it is one o f  the most preventable factors associated with SGA births, 

it raises clear public health issues in this country. W ith intensive anti-sm oking 

assistance to pregnant women, som e studies have shown that som e fetal growth 

retardation can be overcom e (Sexton and Hebei, 1984). Even w om en who stop 

sm oking in the first trim ester o f  pregnancy m ay have a risk o f  lU G R  sim ilar to that o f  

non-sm okers (H orta et al., 1997). However, other risk factors interact with smoking 

during pregnancy; it has been shown only to have h a lf the im pact on fetal growth in 

obese versus thin mothers, and in black versus white m others (C iiver et al., 1995), and 

this is clearly ju s t one o f  the contributory risk factors for SGA, w hich interacts with 

social deprivation, maternal education and diet during pregnancy. In addition, 

im plem entation o f  best practice to promote prenatal sm oking cessation is shown to be 

limited due to resource and organisational issues (H artm ann et al., 2007). Although 

Ireland has led the way in Europe with the introduction o f  the law banning tobacco 

use in the w orkplace in March 2004 (M cElvaney, 2004), (The Lancet, 2005, Spinney, 

2007) sm oking rates in young people remain high ( 16% o f  12-17 year olds) (Office 

for Tobacco Control, 2006). The vast majority o f  sm okers start sm oking by age 17, 

but young w om en are more likely to start sm oking later than young men, but are also 

more likely to continue smoking later in life. A study by the O ffice o f  Tobacco 

Control has reported that 25%  o f  women who com m ence sm oking do so after age 17 

years (Office for Tobacco Control, 2003). Hence advertising cam paigns to
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deglam ourise sm oking, targeted specifically at teenage girls, such as the ‘N IC O ’ 

cam paign, developed in 2000 (Institute o f  Advertising Practitioners in Ireland, 2004), 

are well founded. H owever interestingly, the effects o f  m aternal sm oking during 

pregnancy are not highlighted to this younger age group and this is an area that 

requires further developm ent o f  specific campaigns.

Alcohol consumption

There was no difference found in the rates o f  reported alcohol consum ption in 

pregnancy between the group o f  mothers o f  SGA infants and those o f  non-SGA 

infants. However, quantification o f  alcohol consum ption can be difficult as people’s 

perception o f  a unit o f  alcohol and reliability o f  self-report o f  alcohol consum ption 

vary (Sanchez-Craig and Annis, 1982),(Chang et al., 1999) (Robles and Day, 1990). 

Pregnant w om en m ay under-report prenatal alcohol consum ption due to  feelings o f  

guilt or fears o f  social or medical disapproval, which has led som e researchers to 

suggest that wom en reporting more than 1.3 drinks per w eek antenatally  m ay be 

drinking at levels which risk alcohol-related birth defects (Jacobson et al., 1991). The 

effects o f  prenatal exposure to alcohol have been found to have an influence not only 

on growth o f  the fetus but also that o f the infant and child (Day et al., 1990, Jones and 

Smith, 1973, Day et al., 1994, Carter et al., 2007). Therefore, obtaining accurate 

inform ation about prenatal alcohol consum ption is important, as the risk for negative 

neonatal outcom es ranging from subtle developm ental problem s to fetal alcohol 

syndrom e m ay occur with as little as one drink per day (Jacobson, 1994). Risk- 

drinking during pregnancy has been defined as a level o f  m aternal drinking associated 

with adverse pregnancy outcom e, including developm ental deficits in the offspring 

and has been quantified as 1 ounce or more o f  alcohol per day (Sokol et al., 1989). A 

questionnaire (T-ACE) for health care workers designed specifically to  detect risk
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drinking during pregnancy has been developed (Sokol et al., 1989), how ever its 

application w ould undoubtedly increase workload for those involved. The 

observations o f  follow-up studies in children (Carter et al., 2007, Day et al., 1990), are 

particularly concerning given that Ireland has one o f  the highest rates o f  alcohol 

consum ption in the European Union (Departm ent o f  Health and Children, 2004), and 

that one recent Irish study has highlighted increased rates o f  alcohol-related 

pancreatitis especially in wom en in the 20-29 year age group w hich parallels 

increased rates o f  binge-drinking in Ireland (O 'Farrell et al., 2007).

Fetal alcohol syndrom e (FAS) is characterised by specific growth, m ental and 

physical birth defects associated with the m other’s high levels o f  alcohol consum ption 

in pregnancy (Jones and Smith, 1973). Fetal alcohol spectrum  disorder (FASD) is a 

term used to describe the range o f  effects caused by alcohol consum ption during 

pregnancy w hich is also associated with low birth weight for gestational age. 

Interestingly, there w ere no cases o f  FAS or FASD detected during the analysis o f  the 

infants with congenital anom alies and syndrom es conducted during this study. There 

are no official statistics available for the prevalence o f  FASD in Ireland. However, 

applying the rates o f  FAS reported by the Substance A buse and M ental Health 

Services A gency, C enter for Disease Control in the United States (Ryan and Ni 

Chionnaith, 2005) to the 2002 Irish birth rates, we can estim ate that 1% could have 

FASD. The incidence may even be higher due to the high rate o f  binge drinking 

am ong young w om en in Ireland (Ryan and Ni Chionnaith, 2005). C learly according 

to the above statistics we should expect an incidence o f  approxim ately 140 infants to 

have been born with FASD in the two year cohort studied, although it is possible that
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certain m inor anom alies consistent with the features o f  FAS were not indicated on the 

database.

A diagnosis o f  fetal alcohol spectrum disorder had been queried (but not confirm ed) 

by health professionals in one child at age 3 with a history o f  developm ental delay and 

poor social circum stances. The m other reported consum ing 1-2 units o f  alcohol during 

her pregnancy w hich was consistent with that docum ented on the CW H  database. O f 

note, when seen for auxological assessm ent at age 6 years, this child had failure o f  

catch-up growth with short stature (height SDS = -2.6, w eight SDS = -3.7). O f 

particular concern was his head size (-3.6 SDS). He is currently in m ainstream 

education but requires additional remedial teaching. In addition, as he fulfils the 

criteria for treatm ent with GH, he is being worked up for future inclusion in the 

NESGA S study. This again highlights the importance o f  follow-up o f  children born 

with low weight for gestational age so that FASD can be detected early and 

appropriate interventions made. Although many paediatricians may lack expertise in 

recognition o f  the characteristic features o f  the disorder, short training sessions by 

dysm orphologists have been reported to help improve this situation (Jones et al.,

2006) and clearly identification o f  this condition in Irish children is an area w arranting 

attention.

4.2.8 Maternal auxology 

Maternal Height

M other’s reported heights were not available in many cases (-30% ). In addition, as 

w om en’s heights were not routinely measured using standard auxological methods.
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the accuracy o f  self-reported heights com es into question. H ow ever with the available 

data, a significant difference in reported maternal height SDS w as seen between the 

two groups with taller m others found in the non-SGA group. These results are not 

surprising as sm aller wom en tend to deliver sm aller babies (G luckm an and Hanson, 

2004, Bernstein and Divon, 1997, Thom pson et al., 2001). Som e o f  the infants born to 

sm aller m others therefore m ay be constitutionally rather than pathologically small. 

This is ideally assessed using ultrasonography and custom ised fetal growth charts 

which adjust for physiological variation in order to identify those babies who are 

pathologically small (Gardosi, 2006).

Maternal Body Mass Index

There was no significant difference in m others’ BMI found between the tw o groups, 

but a higher num ber o f  overw eight (27% versus 14%) and obese (11%  versus 5%) 

mothers were seen in non-SGA group com pared with the SGA group. The findings o f  

this study may not be truly representative o f  the whole cohort, as it was only possible 

to calculate BMI in 15.5%) o f  m others o f  SGA infants and in 21.9%  o f  m others in the 

non-SGA group, due to  lack o f  data on booking weight and height. It does however 

highlight the im portance o f  accurate m easurem ent o f  m aternal height and w eight at 

booking due to its role in the individual adjustm ents required in determ ining normal 

or pathological fetal growth (Gardosi, 2006). In addition, consistent with increased 

rates o f  obesity in the general population, there appears to have been an increase in 

maternal w eight at booking (Kanagalingam  et al., 2005) (M urrin et al., 2007) which 

has had a significant im pact on increased birth weight and other pregnancy outcom es 

(May, 2007, Jensen et al., 2003). A  Scottish study reported an 1.37 unit increase in 

adjusted mean booking BMI over the period 1990 to 2002/2004 (Kanagalingam  et al., 

2005). A recent Irish study by M urrin et al o f  self-reported pre-pregnancy maternal

217



BM I and infant birth weights has shown mean BMI o f  the m others at first booking 

visit to be 23.74kg/m^ (range 14.9-44.95). The study reported an association between 

lower birth weight, regular sm oking and BMI <25. In addition, the rate o f  maternal 

overw eight or obesity tended to increase in higher birth-w eight groups (M urrin et al., 

2007). T he BMI o f  the expectant m others was also positively associated with a 

participating sub-group o f  their own m other’s BMI, another exam ple o f  the possible 

intergenerational effects o f  fetal growth and the role o f  maternal education.

The literature w ould suggest however, that maternal w eight gain in pregnancy m ay be 

one o f  the most im portant predictors o f  infant birth weight, with lower and higher than 

recom m ended w eight gain predicting low infant birth w eight (M ay, 2007, Lawton et 

al., 1988, Stotland et al., 2006). In the study o f  233 m other-infant pairs by M ay et al in 

the USA, lower (I62g) and higher (153g) than recom m ended maternal weight gain 

predicted lower infant birth weight (May, 2007). In particular, Lawton et al, in a study 

o f  158 low-risk pregnant women in M anchester reported that poor maternal weight 

gain between 28 and 32 weeks gestation was associated with a higher rate o f  birth 

weights below the 10'*’ centile (Lawton et al., 1988). A nother study in the USA 

looking at 10,418 pregnant wom en found that maternal height, hypertension, 

caesarean delivery and fetal size positively correlated with rate o f  maternal weight 

gain in each trim ester (Abram s et al., 1995). Stotland et a l’s retrospective cohort study 

o f  20,465 non-diabetic, term, singleton births showed increased odds o f  small for 

gestational age (OR 1.66) with gestational weight gain below guidelines o f  the 

Institute o f  M edicine (Institute o f  M edicine, 1990) (Stotland et al., 2006). It was not 

possible in this study to assess any possible association between maternal w eight gain 

in pregnancy with SGA births due to the limitations o f  the data available. However, 

this area has profound implications for obstetric m anagem ent during antenatal care
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and education o f  m others regarding diet, especially given the current trends o f  adult 

obesity. This is clearly an area w arranting further research in relation to SGA, and 

consideration should be given to include such inform ation in the database so that high 

risk pregnancies based on maternal weight gain can be identified and audited.
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4.2.9 Medical Disorders in Pregnancy

Medical Problems in Pregnancy

There was no significant difference overall in the rate and type o f  m edical problem s 

observed in the SGA group com pared with the non-SGA group. A lthough num bers 

were small, the rate o f  diabetes in pregnancy (gestational or pre-existing) w as higher 

in the non-SGA group although this was not statistically significant. As 

hyperinsulinaem ia o f  diabetic pregnancies is known to contribute to higher birth 

weight (Lindsay et al., 2000) the lower rate o f  diabetes in pregnancy for SGA infants 

is not surprising. Despite changes in diabetic m anagem ent and obstetric practice over 

the past 40 years w hich have resulted in enormous im provem ents in the outlook for 

offspring o f  m others with diabetes, this has not been associated with a reduction in 

overgrowth o f  the fetus (Johnstone et al., 2006) or dim inishing risk o f  diabetes and 

obesity experienced by offspring (Lindsay et al., 2000). Due to the large num bers in 

the study it was not possible to examine individual m edical conditions m ore closely 

and for this reason it is conceivable that small effects on fetal growth relating to 

specific m edical problem s may have been m asked due to the pooling o f  different 

conditions together in the analysis. However, in the future it would be interesting to 

explore any possible effect o f  severe or prolonged hyperem esis gravidarum  on birth 

weight due to the known associations o f  maternal nutrition and pregnancy weight gain 

with fetal growth.

Maternal Hypertension

As expected, there was a significant difference in the percentage o f  m others 

experiencing hypertension overall between the two groups. There was a higher
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proportion o f  m others o f  SGA infants experiencing pre-eclam psia com pared with the 

non-SGA group (13%  versus 5%). Rates o f  hypertension w ithout proteinuria were 

sim ilar (7%  versus 5%). These results are not surprising as the fetal growth restriction 

has been clearly associated with hypertension o f  pregnancy in various studies (Heard 

et al., 2004, M artikainen et al., 1989, Scott, 1981). This study did not distinguish 

between pre-existing hypertension and pregnancy induced hypertension as in other 

studies (Thom pson et al., 2001), however a clear link with SGA and pre-eclam psia 

has been dem onstrated.

4.2.10 Fetal Problems in utero

As expected there w as a significant difference between the tw o groups in the rate o f  

detection o f  fetal problem s in utero, with higher rates lU G R (40%  v 3% ) and m arkers 

o f  fetal distress and factors associated with fetal distress (abnorm al fetal blood flow 

and oligohydram nios). The rate o f  detection o f lUGR depends on the rate o f  fetal 

ultrasonography; therefore those in whom there is clinical suspicion o f  growth 

retardation are more likely to have serial scans. However, in num erous studies clinical 

exam ination has not been shown to correlate well with detection o f  lU G R  (Tejani and 

Mann, 1977, Hall et al., 1980, Rosenberg et al., 1982, Persson et al., 1986), although 

use o f  a custom ised fundal height chart does im proves clinical accuracy in prediction 

o f  SGA fetuses and thereby a reduction in unnecessary investigations for fetal growth 

(Gardosi and Francis, 1999). In theory the rate o f  diagnosed lU G R  (40% ) by 

ultrasonography in the SGA group suggests both a high standard o f  clinical 

assessm ent leading to appropriate scanning and also a high standard o f  scanning itself 

which is also supported by the relatively low rate o f  lU G R  (3%) detected in the non-
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SGA group. H ow ever, this also depends on the percentage o f  scans being performed 

which do not detect lU G R  or in which an SGA infant is missed, as analysis o f  fetal 

growth velocity depends on at least tw o separate ultrasound scans. It was not possible 

to explore rates o f  fetal ultrasonography with the data available how ever it w ould be 

useful in the future to determ ine what percentage o f  m others in each group had serial 

antenatal scans. O f  note, over the past year the Coom be W om en’s Hospital has 

changed its policy and only those where a fetus is found on ultrasound to be < 5 '’’ 

centile for w eight will have further fetal growth scans (personal com m unication). 

W hat are truly o f  interest are those fetuses in which lUGR goes undetected, either due 

to a lack o f  scanning due to lack o f  clinical suspicion, or problem s inherent with the 

scanning process itse lf  As the accuracy o f both ultrasound and gestational age dating 

are subject to lim itations (Degani, 2001) (as discussed in section 4.2.4), errors would 

be expected to occur in the more m arginally grow th-restricted infants. On the other 

hand, a fetus with growth restriction m ay not be SGA as defined by the cu t-off 

definition used (Chard et al., 1992). This has also been highlighted by a study o f  

29,916 preterm infants (23-34 weeks) by Garite et al where 37%  o f  those who had 

been antenatally diagnosed with lUGR had a birth weight > 10* centile (Garite et al., 

2004). Sim ilarly an Irish study by Stratton et al in 1995, also from the Coom be 

W om en’s hospital, dem onstrated that 38%  o f  term infants with a birth w eight between 

the 10 ’̂’ and 90"" centiles had third trim ester ultrasound evidence o f  reduced growth, 

but that it was not associated with increased perinatal m oribidity (Stratton et al.,

1995). In this study, although such observations may explain the 3% rate o f  lUG R 

fetuses detected in the non-SGA group, the results how ever do not reveal the 

percentage o f  SGA infants who were constitutionally small, which is another 

argum ent for the case to use custom ised fetal growth curves (Gardosi, 2006).
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4.2.11 Labour and Delivery

Onset of labour

There was a significant difference in the type o f  labour onset (or lack thereof) in the 

m others o f  the group o f  SGA infants com pared with non-SG A  infants. M others in the 

form er group were less likely to go into spontaneous labour (45%  versus 66% ) due to 

the higher rates o f  obstetric intervention (induction o f  labour, elective and em ergency 

C aesarean section) before onset o f  labour. These results are not surprising as the 

detection o f  fetal growth problem s will inevitably lead to closer obstetric m onitoring 

and detection o f  signs o f  fetal distress leading to a lower threshold for operative 

delivery before term (Gardosi et al., 1997). lUGR is an indication for induction o f 

labour especially am ong preterm  pregnancies (Ananth et al., 2003). O ther factors 

associated with lUG R such as m ultiple pregnancy and oligohydram nios are also more 

likely to lead to C aesarean section (Chauhan et al., 2007, M cCarthy et al., 2007). O f 

note a study o f  antenatal ultrasound findings, birth w eight and perinatal outcom e in 

285 term births at the C oom be W om en’s Hospital in 1995 by Statton et al, found that 

there was a increased incidence o f  D oppler abnorm alities, induction o f  labour, 

m econium  staining o f  liquor and intrapartum fetal blood sam pling in infants whose 

birth w eight fell below  the 10 '̂’ centile for gestational age (Stratton et al., 1995).
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Type of delivery

Following on from differences in rates o f  spontaneous labour onset, there w ere also 

significant differences in the type o f  delivery between the SGA group com pared with 

the non-SGA group, with higher rates o f  both elective and em ergency Caesarean 

section being observed in the former. O f  note, the discrepancy between the rates o f  

em ergency C aesarean section seen here (19% ) when com pared to the category “onset 

o f  labour” (12% ) as discussed above can be explained by the fact that all types o f 

em ergency caesarean section (those with and w ithout labour) are included under the 

former. This w ould suggest that an SGA fetus is more likely than a non-SG A  fetus to 

experience intrapartum  problem s leading to indications for em ergency caesarean 

section (see sections 3.1.9.4 “Indication for caesarean section or instrum ental 

delivery” and 3.1.9.5 “ Intrapartum problem s”). Higher caesarean section rates reflect 

both the higher incidence o f  maternal conditions (pregnancy-induced hypertension) 

leading to lUGR, and concern regarding fetal com prom ise (Aucott et al., 2004). The 

very strong relationship between late fetal death (stillbirth at > 28 w eeks gestation) 

and SGA fetuses highlights the fact that an extrem ely SGA fetus m ust be closely 

m onitored (C nattingius et al., 1998). The known risks and increased m onitoring in 

turn, increase the rate o f  elective caesarean section as obstetricians pre-em pt the 

anticipated problem s by delivering the fetus before such problem s arise, although 

current data is not sufficient to justify  a policy o f  elective caesarean section o f  all 

small for gestational age infants (Royal College o f  O bstetricians and G ynaecologists, 

2002, Grant, 1997).

W hen data for type o f  delivery was analysed separately for nulliparous and 

m ultiparous w om en for the two groups (SGA v non-SGA), this study found a
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significant difference in the type o f  delivery in both nulliparous and m ultiparous 

m others o f  SGA infants com pared w ith the SGA group, w ith higher rates o f  both 

em ergency and elective caesarean. The reason for analysing nulliparous separately 

from m ultiparous pregnancies is that primigravid wom en are known to have different 

labours and their own pregnancy com plications (Bai et al., 2002), also rates o f  

delivery by caesarean section or instrumental assistance are higher in prim igravidas 

than in m ultigravidas (Coom be W om en's Hospital, 2000). However, the findings o f  

this study w ould suggest that SGA rather than parity is a risk factor for operative 

delivery.

There was no significant difference between the tw o groups in the indication for 

caesarean section or instrum ental delivery, although fetal distress as an indication was 

higher in the SGA group (71% v 60% ). This is not surprising as due to closer 

m onitoring o f  known SGA fetuses, fetal distress is more likely to be detected and to 

lead to operative delivery. Fetal growth restriction is also associated with intrapartum 

fetal distress and m etabolic acidosis, which in turn, increase the risk o f  hypoxic 

encephalopathy and cerebral palsy (Figueras et al., 2007) (Jarvis et al., 2003). In 

addition, a four-fold risk for adverse perinatal outcom e is associated with undiagnosed 

SGA fetuses (Lindqvist and M olin, 2005). A study by D octor et al found that mothers 

o f  term SGA infants had sim ilar rates o f  caesarean section com pared to AGA infants. 

How ever in that study fetal distress was more com m only listed as an indication for 

caesarean section (45%  o f  m others com pared with 20% ), although num bers were 

sm aller than in this study (Doctor et al., 2001).
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There was a significantly higher rate o f  intrapartum problem s in the group o f  SGA 

infants com pared w ith the non-SGA group. Signs o f  fetal distress (abnorm al CTG, 

fetal acidosis, m econium  stained liquor) were more frequent in the SGA infants (29%  

V 1 9 % ) .  This m ost probably explains the increased rate o f  obstetric intervention 

(operative and instrum ental delivery) as discussed above. How ever, analysing the data 

separately for term and preterm infants, this difference w as only observed for the 

group o f  term SGA infants when com pared to the non-SGA group. In the preterm 

SGA infants there were equal rates o f  fetal distress (8% ) in preterm  infants being seen 

in both the SGA and non-SG A groups. This could reflect d ifferent m anagem ent o f 

term com pared to preterm  infants during labour, or could be explained by the lower 

num bers in the preterm  group.
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4.2.12 Parity, Multiple Pregnancy and Birth Order

This study found a difference between two groups in term s o f  maternal parity with 

49%  o f  the m others o f  SGA infants being nulliparous versus 40%  in the non-SGA 

group. This is consistent with previous studies where increased risk o f  fetal growth 

restriction was shown with nulliparity or grand m ultiparity (> 5 previous live births) 

(Vorherr, 1982). The effect o f  grand m ultiparity was not seen in this study, probably 

due to the small num bers involved, how ever gravida 2 or 3 has been identified in the 

wom en at lowest risk o f  giving birth to a low birth w eight infant w hich was also 

found in this study (36%  o f  m others in SGA group were gravida 2 or 3 versus 47%  in 

non-SGA group) (David and Collins, 1997). The incidence o f  delivery o f  a growth- 

retarded infant has been shown to increase if  a wom an has previously delivered a 

sim ilarly affected infant (Bernstein and Divon, 1997). This is due to persistence o f  

some o f  the factors which may have been responsible for the fetal growth restriction 

observed in the first pregnancy (Bernstein and Divon, 1997), how ever such analysis in 

this study w as not possible w ith the available data.

There w as a significant difference between the SGA and non-SGA groups in the 

multiple pregnancy rates. This was an expected observation as m ultiple pregnancy is 

associated with sm aller birth weights (on average 900g lighter at birth than singleton 

infants o f  the same gestational age) (Phillips et a!., 2001) (H indm arsh et al., 2002). No 

triplet pregnancies w ere seen in the SGA group but there was higher rate o f  tw ins 

(13% V 2% ). Interestingly, none o f  the infants in the three sets o f  triplets born during 

the study period, was born SGA. This could reflect the close obstetric m onitoring 

likely to have occurred during the triplet pregnancies, leading to elective premature
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delivery in the event o f  any growth problem s being detected. How ever, given the 

(expected) very small num ber o f  triplet pregnancies, it is not possible to draw  any 

concrete conclusions on the incidence o f  SGA/IUGR or lack th ereo f in such 

pregnancies, especially  w ithout ultrasonography data. N either were m onozygotic and 

dizygotic tw ins exam ined separately. M onozygotic are different to dizygotic twin 

pregnancies as birth weight discordance in m onozygous tw ins is likely to be a result 

o f  differences in nutrient portioning and blood supply betw een twins, an extrem e 

exam ple o f  which is the Tw in-Tw in Transfusion syndrom e (Phillips, 2004). In 

dizygotic tw ins there are genetic differences which m ay play a role in fetal growth, 

whereas in both cases discordance may reflect adaptive responses by tw ins in 

response to lim itations in the fetal environm ent (B lickstein et al., 2000). However 

m any studies w ould suggest that w ithin-pair birth weight difference is the most 

important determ inant o f  risks to adult health associated with low birth w eight in 

twins, rather than absolute birth weight difference or zygosity, (Iliadou et al., 2004, 

Bo et al., 2000, Poulsen et al., 1997).

No significant difference in birth order was seen between the groups o f  SGA twins 

versus non-SG A tw ins. A lthough labour and delivery are associated with risks to the 

second twin at all gestations, and the second twin at term  is at increased risk o f 

perinatal m orbidity and m ortality (Smith et al., 2007, Thorngren-Jerneck and Herbst, 

2001, A rm son et al., 2006), it was beyond the scope o f  this study to further examine 

the relationship w ith birth order and obstetric outcome. Further analysis o f  the data 

may be warranted to establish the rate o f  high-level birth w eight discordance (for 

example >25% ), detection o f  lU G R  in one or both twins, and how this influenced the
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type and tim ing o f  delivery. However, the results o f  this study would indicate that the 

tw in pregnancy itself rather than the birth order was the im portant variable in SGA.

4.2.13 Infant gender, gestational age, birth weight and method of feeding 

Gender

No difference was seen in the gender o f  infants born SGA com pared with non-SGA 

infants. This observation would be expected as there is no known influence o f  gender 

in fetal grow th restriction. A lthough female infants are slightly sm aller than male 

infants, the reference used for calculation o f  birth w eight SDS takes gender into 

account (Freem an et al., 1995). Difference in birth w eight between the tw o genders 

has been well described (W ilkin and M urphy, 2006, A lexander et al., 1999). Some 

anim al studies suggest than female offspring m ay be m ore sensitive than m ales to 

fetal undernutrition, resulting in altered glucose tolerance in later life, which may 

offer som e explanation for the intergenerational effects o f  lUGR, and which may 

include a possible genetic predisposition (Hay et al., 1997). In addition, W ilkin and 

M urphy have proposed that girls, who have been shown to have higher insulin 

concentrations at birth, are intrinsically more insulin resistant throughout life (W ilkin 

and M urphy, 2006). However, due the SDS calculations gender differences in 

absolute birth w eight were not specifically explored in this study.

Gestational Age

A statistical difference in mean gestational age was observed in this study between the 

SGA and non-SG A  groups with mean gestation in the group o f  non-SGA infants
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being 4.7 days longer than that for the SGA group. However this finding can be 

som ewhat explained by the discrepancy in num bers involved in each group (284 

versus 14082). Secondly although the finding is statistically significant, the clinical 

significance o f  a m ean difference o f  4.7 days is less im portant than the fact that 18.3% 

o f  the SGA group versus 5%  o f  the non-SGA group were born prem aturely (< 37 

weeks). N either is this finding surprising, as the birth w eights o f  the m ajority o f  the 

preterm infants fall below  the m ean-gestational age related estim ated fetal weight 

(EFW ), and the incidence o f  fetal growth restriction and SGA is more likely to be 

overrepresented at low er gestations (M arsal et al., 1996). In the USA one study 

showed that rates o f  term  SGA births had declined but that rates o f  preterm SGA 

births increased betw een 1989 and 1998 regardless o f  ethnic group (Ananth et al., 

2003). On a positive note, babies who are small for dates may be protected from 

adverse program m ing by early expulsion from the uterus (Barker, 1994). 

N otw ithstanding, the small difference in mean gestational age between the SGA 

infants and non-SGA infants, highlights the fact that SGA infants are born at 

gestations ranging from the very preterm to the postmature. Again, the value o f  this 

observation depends on the accuracy o f  records o f  gestational age. However a 

limitation o f  this study is that infants born at gestations less than 28 weeks were 

excluded. A lthough the total num ber o f  such infants was only 57, it is likely that more 

than 2% o f  these infants were born SGA, as rates o f  lUGR/SG A  are thought to be 

higher in the extrem ely prem ature (Lackm an et al., 2001, M arsal et al., 1996, 

Ehrenkranz, 2007).

Birth weight & BW SDS

By definition there was a statistical difference between the tw o groups in the mean 

birth weight SDS. The fact that the non-SGA group o f  infants had a mean BW  SDS
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close to zero indicates that appropriate references were used for the Irish population 

such that it can be applied in future studies o f  SGA infants. Those infants with 

extremes o f  BW  SDS (+4 SDS or -4 SDS) would suggest that there may have been a 

problem with accuracy o f  gestational age calculation and/or birth weight data, 

however given the similarity in the extremes observed in both groups they may well 

be true. What is more interesting is the significant difference in the mean and range of 

birth weights observed in the SGA group (2,278g) (range 450-3260g) compared with 

the non-SGA group (3,488g) (range 780-5726g). Mean infant birth weight in a recent 

Irish study o f  a sm aller cohort o f  infants has very similar findings to this study with a 

mean overall birth weight o f  3,493g (range 840g-5,360g) although BW SDS was not 

calculated (Murrin et al., 2007). The similar findings in both Irish studies would 

suggest that there has been no major change in birth weight in the 6-8 years since the 

birth o f the infants analysed in this study.

Method of infant feeding

This study revealed a significant difference between the groups o f SGA and non-SGA 

infants with respect to method o f infant feeding. The poor rate o f breastfeeding in the 

SGA group (19% versus 32%), although on the one hand not surprising, is alarming 

given that breastmilk, the optimum nutrition for all infants, should be particularly 

encouraged for vulnerable SGA infants. Possible explanations for this finding could 

be (i) the high perinatal morbidity in SGA infants and higher rate o f  admission to the 

special care baby unit (SCBU), which may impact on breastfeeding (ii) the data 

records may not reflect those in whom some breast milk is given by tube feeds while 

in the SCBU (iii) other factors associated with SGA which may also be associated 

with lower rates o f  breastfeeding such as socioeconomic group, maternal smoking and 

operative delivery. In addition there is some evidence that feeding with human milk
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gives a lower risic o f  developing necrotising enterocolitis (NEC) (Lucas and Cole, 

1990, M cG uire and Anthony, 2003, Jayanthi e ta l., 1998). However, very few studies 

have random ly com pared hum an m ilk with formula m ilk w ith N EC as a prim ary 

outcom e (Puntis, 2006). A recent system atic review found only four such small trials 

suitable for m eta-analysis (M cG uire and Anthony, 2003). A large study by Lucas and 

Cole com paring form ula feeds and banked breast m ilk w ith respect to growth and 

developm ent suggested that NEC w as 6-10 times more likely in preterm  infants fed 

formula com pared with those fed breast m ilk (Lucas and Cole, 1990).The goal o f 

nutritional support o f  very low birth weight (VLBW  < l,500g) or growth retarded 

infants is the achievem ent o f  postnatal growth at a rate approxim ately that o f  the third 

trim ester o f  intrauterine life. H ow ever this is rarely achieved. W hen Ehrenkranz et al 

prospectively assessed growth o f  1666 VLBW  infants, m ost o f  the infants had not 

achieve the m edian birth w eight o f  term  infants by the tim e o f  discharge from hospital 

(Ehrenkranz et al., 1999). In addition, the im portance o f  infant nutrition on early 

childhood growth is em phasised by the marked differences in growth rates between 

breast and bottle-fed infants, which raises concerns for future obesity risks (O ng et al., 

2002b) (Saenger et al., 2007). For example, the growth tracjectories o f  term -born 

infants who are breast-fed are now considered the gold-standard although growth 

velocity is slow er than that o f  formula-fed infants (Vasu and M odi, 2007). T he new 

W orld Health O rganization growth charts (W orld H ealth O rganization, 2007b) 

indicate that by one year o f  age, breast-fed infants are 500g lighter than the weight 

depicted in the UK 1990 Grow th Reference (Freeman et al., 1995).
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4 .2.14 Infants admitted to the Special Care Baby Unit (SCBU)

There was a m uch higher rate o f  adm ission to the SCBU from the SGA compared 

with non-SGA  group o f  infants (61%  versus 17%). There w as also a significant 

difference betw een the two groups in term s o f  the prim ary indications for admission 

to the SCBU. How ever, data w as not available in this study on length o f  stay in the 

SCBU w hich m ay be better m arker o f  m orbidity and its econom ic im plications. The 

m ost noticeable difference was that 41%  o f  infants in the SGA group w ere admitted 

due to low birth w eight, lU G R or prem aturity whereas only 10% o f  those in the non- 

SGA group were adm itted for these reasons. Due to the com plexity  and variety o f  

problem s in infants born SGA, it is possible that the data available did not accurately 

reflect the prim ary reason for adm ission to SCBU especially if  there w ere several 

equally serious problem s leading to adm ission (e.g. prem aturity, hypoglycaem ia and 

low A pgar scores). The increase rate o f  adm ission to SCBU is not surprising as low 

birth w eight, prem aturity and lUG R are all associated with increased neonatal 

m orbidity (Sharm a et al., 2004, Garite et al., 2004, Lai et al., 2003, Bernstein et al., 

2000, Lackm an et al., 2001). Some studies have shown SGA infants to be at greater 

risk o f  birth hypoxia and neonatal com plications (M clntire et al., 1999), however 

there are conflicting studies looking at specific m orbidities in preterm  SGA infants 

such as respiratory distress syndrom e (Sharm a et al., 2004, Bernstein et al., 2000), 

necrotising enterocolitis (B ernstein et al., 2000) and periventricular haem orrhage 

(Cooke, 2007). In term infants lU G R has been identified as a risk factor for 

respiratory com plications (F leischer et al., 1992, Tyson et al., 1995). Lackm an et al 

found that obstetric diagnosis o f  lUGR, based on fetal grow th standards using 

ultrasound, correlates better with adverse outcom e and w ith prem ature delivery than 

when neonatal growth standards were used and concluded that antenatal diagnosis o f



lU GR m ay be m ore accurate than one that is based on neonatal assessm ent o f  

gestational age and birth w eight (Lackm an et al., 2001). Zaw also dem onstrated that 

fetal growth standards were more appropriate than currently used neonatal growth 

standards to identify preterm  SGA neonates at risk o f  adverse neonatal outcom e; 

particularly respiratory m orbidity and intraventricular haem orrhage, even after 

correction for antenatal glucocorticoid adm inistration (Zaw et al., 2003). Garite et a l’s 

study o f  perinatal outcom es in lU GR and prem aturity highlighted the interplay o f  

lU GR and SGA. The authors dem onstrated that when antenatal diagnosis o f  lU G R is 

confirm ed by a neonatal birth w eight < 10'*’ centile, only then was there a correlation 

with adverse outcom e (G arite et al., 2004). During the period o f  the cohort studied, it 

was CW H hospital policy to adm inister antenatal steroids in cases o f threatened 

preterm  delivery before 34 w eeks as is w idely accepted m anagem ent (Baschat and 

Hecher, 2004). This study did not explore rates o f  antenatal or postnatal steroid 

adm inistration in the SGA versus non-SGA preterm infants, and one could argue that 

such interventions could have an effect on birth weight, perinatal outcom e and on 

future childhood growth (Thorp et al., 2002) (Yeh et al., 2004). A clear limitation o f  

this study when reporting results o f  neonatal com plications is that the analysis did not 

include infants born extrem ely prem aturely (< 28 weeks gestation), hence when 

referring to studies looking at prematurity and fetal growth restriction m any o f  the 

conclusions m ay not apply in this study. A nother lim itation o f  the study is the lack o f  

analysis o f  duration o f  stay in the SCBU which has significant staffing and econom ic 

im plications and also impacts on rates o f  com plications such as nosocomial infection. 

Length o f  stay for survivors o f  lU G R born prem aturely has been shown to be sim ilar 

to those o f  AGA infants with similar birth weights (Aucott et al., 2004). In the 

au thor’s experience, many infants born with an antenatal diagnosis o f  lUGR or a birth
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w eight below 2.5kg w ere adm itted to the SCBU regardless o f  clinical status and 

gestation, given the known risks o f  problem s such as hypoglycaem ia and hypotherm ia 

in the immediate neonatal period. In addition this study did not exam ine readm ission 

rates to the SCBU which also m ay be more im portant in SGA infants i f  there are 

higher rates o f  feeding difficulties, failure to thrive, and other late neonatal 

com plications which have been shown to be more com m on (A ucott et al., 2004).

Respiratory Problems and Ventilation Procedures

There was a significant difference in the rate o f  respiratory problem s observed in the 

group o f  SGA infants com pared with the group o f  non-SGA infants. SGA infants had 

a low er incidence o f  the group o f  conditions which included respiratory distress 

syndrom e, transient tachypnoea o f  the newborn, pneum othorax, m econium  aspiration 

syndrom e, aspiration, atelectasis, and chronic lung disease, when com pared to the 

non-SGA infants (8%  versus 14%). These results would be consistent with studies 

showing that SGA infants are protected from respiratory distress syndrom e (Sharm a et 

al., 2004). However, the results o f  this study were not analysed specifically for 

preterm  SGA infants versus non-SGA infants, and as discussed above, the analysis 

did not include infants born extrem ely prem aturely (< 28 w eeks gestation). The 

observations could be explained by detection o f  fetal growth problem s w hich allow 

tim ely delivery w ith prenatal adm inistration o f  steroids w hich accelerate lung 

developm ent, com pared with non-SGA infants born preterm who do not have tim e for 

prenatal steroid adm inistration.

This study found no significant difference in rate and type o f  ventilation procedures 

required by SGA infants com pared to non-SGA infants. This result w ould suggest that 

although SGA infants significantly impact on SCBU adm issions, high intensity o f

235



neonatal care in the form  o f  m echanical ventilation is not m ore com m on in these 

infants when born > 28 w eeks gestation.

Central Nervous System complications

A lower incidence o f  neurological problem s including hypoxic ischaem ic 

encephalopathy (H IE) and neonatal seizures was found in the SGA group com pared 

with the non-SGA group (0.6%  versus 4.3% ) how ever the difference between the two 

groups in term s o f  neurological com plications was not statistically significant (p = 

0.06). A lthough SGA infants had a higher rate o f  fetal distress than non-SGA infants, 

there was no consequent increased rate o f  abnormal neurological behaviour in the 

early neonatal period. One explanation could be the protective effect o f  early 

detection o f  fetal distress in known cases o f  lU G R leading to  tim ely delivery and 

avoidance o f  severe hypoxia. However, the small num bers in this study make it 

difficult to draw  firm conclusions in this area.

Gastrointestinal complications

Only one case o f  suspected necrotising enterocolitis (NEC) was found in the SGA 

group. For the purpose o f  the analysis only cases o f  NEC or “suspected N EC” were 

included in the “N E C ” category, hence it is possible that o ther cases o f  NEC which 

were docum ented as surgical problem s (with sym ptom s such as distended abdom en 

and vom iting) were not detected. NEC is prim arily a disease o f  the premature infant 

with incidence inversely related to birth w eight and gestational age (Cooke, 2007). 

Although specific num bers range from 4% to more than 40% , infants weighing < 

lOOOg at birth have the highest incidence. This rate drops dram atically to 3.8 per 1000 

live births for infants weighing 1501-2500 g at birth (Springer, 2007). Similarly, rates 

greatly decrease for infants born after 35-36 weeks gestation. Term infants who
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develop N EC  behave differently, with the average age o f  onset occurring within the 

first week o f  life or som etim es occurring within the first 1-2 days o f  life (W iswell et 

al., 1988). A lthough the aetiology is multifactorial, ischaem ia and/or reperfusion 

injury appears to  play a significant role with predisposing conditions for NEC such as 

birth asphyxia, respiratory distress, congenital heart disease, m etabolic abnorm alities, 

hypoxia, um bilical catheterisation (Palm er et al., 1987). In addition a history o f  

abnorm al fetal growth pattern has been associated with risk for NEC (G arite et al., 

2004), especially  w hen intrauterine Doppler scans show signs o f  circulatory 

com prom ise, such as reversed diastolic flow in umbilical or fetal blood vessels 

(H ackett et al., 1987). In a recent study by Cooke et al the odd ratio for NEC was 3.44 

in infants m ore than - 3  SD below mean birth weight (Cooke, 2007). One o f  the main 

problem s is that the fear o f  NEC can delay progressing with enteral feeding, which 

can result in significant nutrient deficients and postnatal growth retardation (Flidel- 

Rimon et al., 2006). M oreover, feeding with human m ilk appears to confer some 

protection (Puntis, 2006). However, due to the low num bers this study it is not 

possible to m ake conclusions on the specific risk o f  NEC in infants born SGA >28 

weeks gestation.

237



4.2.15 SGA Group -  Clinical & Auxological Assessment at age 4-6 years

Response to invitation to participate in study

O f the 284 m others o f  children born SGA who were written to, 79 (27.6% ) responded 

to the invitation to  participate in the study. However, 22 (7.7% ) o f  these m others did 

not wish to attend with their child for auxological assessm ent and indicated that they 

did not have concerns regarding their ch ild ’s growth. A m ajor problem  was the rate 

(16% ) o f  envelopes returned to  us unopened indicating that the address was no longer 

valid. In an attem pt to find an alternative contact address for these m others, the 

Regional Health Authorities and M edical Card holders list w ere consulted and cross- 

referenced with our patients. N one o f  the m others were on this register and hence no 

alternative addresses were available to us. The high proportion (32% ) o f  non-nationals 

represented in this group is concerning -  it could be that the m ost vulnerable SGA 

infants are those who are m ost difficult to follow up and those with growth problem s 

m ay not be identified. The high rate (55% ) o f  m others who did not respond was 

disappointing. This m ay indicate a lack o f  understanding in these m others o f  the 

significance o f  their ch ild’s growth and im plications relating to future health in 

children born SGA. They may in fact have been falsely reassured by their ch ild ’s 

w eight gain, possibly inappropriately perceiving this as a positive sign. A recent 

system atic review by Lucas et al looked at publications since 1978 relating to lay 

views about infant size and growth (0-24 months) (Lucas et al., 2007). In relation to 

size and growth som e parents had an optim istic feeling that children w ere simply 

going to be the size that they w ere going to be. Hence, provided that they w ere cared 

for, size w as not som ething to worry about. A lthough Lucas et a l’s observations apply 

to attitudes o f  parents o f  younger children than in this study; m any o f  the au thors’
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findings m ay explain why parents o f  children who appear to have norm al growth by 

age 4-6 did not perceive a need to attend for assessm ent.

There could also be delay in referral o f  children with SGA by prim ary health care 

professionals. R ecent m arket research conducted on behalf o f  Pfizer Endocrine Care 

(Psym a International, 2005) surveyed 396 paediatricians in the European Union 

(France, Spain, Italy, Germ any, UK) and found that 25%  o f  paediatricians do not 

m easure height and w eight o f  children system atically at each visit.

Comparison of children assessed versus not assessed

There was no statistically significant difference between the group o f  SGA children 

seen com pared with those w ho were not seen in term s o f  geographical distribution, 

parents’ ethnicity, rates o f  maternal smoking, alcohol consum ption in pregnancy, 

medical disorders o f  pregnancy, labour onset or type o f  delivery, indication for 

operative or instrum ental delivery, rate o f  intrapartum problem s, parity, rates o f  twin 

pregnancy, gender, length o f  gestation or birth weight. The only statistically 

significant differences observed between the group o f  SGA children who presented 

for assessm ent and those who did not were in term s o f  the m arital status o f  the 

m others and type o f  m others’ and partners’ occupations, factors w hich suggest a 

possible trend tow ards those o f  higher socio-econom ic grouping being more likely to 

attend for auxological assessm ent o f  their child than those o f  lower socio-econom ic 

groups. This is concerning as it implies that vulnerable children from lower socio

econom ic groups w ith growth problems, or risk o f  m etabolic syndrom e, are more 

difficult to  trace and follow up.
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4.2.16 SGA Group - Auxological Assessment at age 4-6 years

Data on 56 patients was suitable for analysis. The m ajority o f  children born SGA who 

w ere assessed in this study w ere found to be within the norm al ranges for all 

param eters. However, when m easured between 4-6 years m ean height SDS (-0.7), 

w eight SDS (-0.9), BMI SDS (-0.6) and head circum ference SDS (-0.9) in this SGA 

group were below the m ean for the age and gender. No gender differences were found 

in any o f  the variables assessed. The findings o f  this study are consistent with other 

studies looking at follow up growth in children born SGA which have shown that 

overall sm all for gestational age infants remain shorter and lighter and have sm aller 

head circum ferences (H ediger et al., 1998b).

Age of Assessment

M ean age o f  assessm ent was 5.3 years. As most children have caught up in growth by 

age 2 years, five years o f  age is therefore a good point at which to detect those who 

m ay have failed to catch up. A s the children are at the age o f  school entry, parents 

will be m ore aw are as to  how their child com pares to his/her peers. H owever, it could 

be argued that assessm ent at an earlier age (e.g. age 2-4) would be m ore appropriate, 

in order to allow  appropriate investigations to be conducted on those with any growth 

concerns, and to allow m axim um  benefit from GH treatm ent by com m encing at age 4 

years. D ifficulties with tracing children born SGA may also be m inim ised if  follow up 

occurs earlier. A disadvantage o f  this approach would be that more children would 

require investigations due to the fact that a small m inority o f  children m ay be small 

but will continue to catch up in height during childhood, beyond age 2 (Karlberg and 

A lbertsson-W ikland, 1995). In addition, children born prem aturely m ay take longer to
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catch up (H okken-K oelega et al., 1995, A lbertsson-W ikland and Karlberg, 1997). 

Looking at detection o f  short stature in the general population, a study by G rote et al 

com pared the referral patterns o f  children with poor growth using different referral 

guidelines in prim ary health care in the N etherlands and the UK (G rote et al., 2007). 

The authors concluded that by following the Dutch consensus guidelines (which 

includes current height or target height cu t-o ff point for referral < -1.3 SDS) (de 

M uinck K eizer-Schram a, 1998) there would be too m any referrals particularly before 

the age o f  3 years. In contrast, the UK guidelines for referral (height < -2.67 SDS at 

age 5 years) (Hall, 2000) w ould lead to far less referrals but clinically relevant growth 

disorders such as Turner syndrom e may be m issed (Grote et al., 2007). O f note, 

children born SGA are not specifically m entioned in the UK guidelines (Hall, 2000). 

Therefore, it appears that for children born SGA, the International consensus 

guidelines, which recom m end m easurem ents o f  length, w eight and head 

circum ference every 3 m onths for the first year o f  life and every 6 m onths thereafter 

ideally up to age 2 for all children born SGA, are the m ost appropriate (Clayton et al., 

2007).

Birth Data

The wide range o f  birth w eight SDS (-2.0— 3.0) and gestations (29^^ -  43^^) o f  the 

children assessed reflects the heterogeneous nature o f  the group o f  children who was 

assessed. For this reason further subgroup analysis was conducted to detect any 

possible factors w hich m ay affect postnatal growth trajectories such as prematurity, 

maternal sm oking, m aternal hypertension and docum ented lU G R  in these children.
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Height at 4-6 years

O f the SGA group assessed the majority (91% ) o f  children had achieved catch-up 

growth with a height > -2 SDS. In total 9%, 5 boys, had not caught up, with a height < 

-2 SDS, 3 o f  w hom  had severe short stature (height < -2.5). A lthough overall mean 

height was below  the m ean (-0.7 SDS) these findings are consistent w ith other studies 

o f  follow up grow th in children bom  SGA (Luo et al., 1998) (Karlberg and 

A lbertsson-W ikland, 1995) (Hokken-K oelega et al., 1995) and indicate a good 

prognosis in term s o f  final adult height for those who had achieved height > -2 SDS 

(Luo et al., 1998) (A lbertsson-W ikland and Karlberg, 1994). However, the results o f  

growth studies o f  children born SGA are difficult to com pare due to a num ber o f 

differences in m ethodology including: 1) definition o f  SGA used (e.g. based on birth 

weight, length or both), 2) various cu t-off points for SGA (-2 SDS, 3'̂ '*, 5*'’ or 10'’’ 

centiles) as previously discussed, 3) inclusion o f  preterm  and term , singleton or 

m ultiple births in the sam e or distinct groups and 4) outcom e m easures can be 

expressed as gender and age-independent SDS or as centiles with d ifferent cu t-off 

definitions for catch-up and short stature.

Final height appears to be positively associated with catch-up grow th during the first 

6 months o f  life in term infants born SGA. The SGA group with final height < -2 SDS 

in Luo’s study show ed virtually no catch-up growth during the entire growth process 

m onitored throughout childhood (Luo et al., 1998). How ever, data on grow th in early 

infancy and childhood on the children assessed was not available for this study.

This study lacked data on other auxological variables at birth such as birth length and 

BMI due to lack o f  standardised m easurem ents and inconsistent records. In some 

studies BMI at birth or w eight for length SDS have shown no significant influence on
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postnatal catch-up growth rates during any phase o f  growth in childhood (Luo et al., 

1998) w hereas in K arlberg and A lbertsson-W ikland’s large Swedish cohort, birth 

length and m id-parental height w ere found to be significantly related to the m agnitude 

o f  catch-up growth from birth to 18 y o f  age (K arlberg and A lbertsson-W ikland, 

1995). In another study birth length SDS was m ore sensitive than birth weight SDS in 

predicting catch-up > 3'̂ '̂  centile in premature SGA infants by age 2, w hereas birth 

w eight SDS was the best predictor for catch-up > 3 ’̂'̂  centile in full-term  SGA infants 

by age 2 (H okken-K oelega et al., 1995).

Weight and BMI at 4-6 years

Overall the children assessed had weights lower (-0.9 SDS) and BMI SDS (-0.6) than 

the mean expected for their age and gender w hich is reassuring. The paradoxical 

effect o f  low er birth weight and risk obesity m ay be partly explained by the 

observation that infants who have been growth restrained in utero tend to gain weight 

more rapidly, or 'catch up', during the early postnatal period, which leads to increased 

central fat deposition (Ong, 2006). However apart from one case o f  obesity detected, 

there was no overall trend for these children to be overw eight. A lthough rates o f 

postnatal catch-up grow th from birth to 2 years w ere not specifically analysed, the 

findings for these children at age 4-6 years would indicate that Irish children born 

SGA are not fatter than their non-SGA peers, in contrast to  a large British study which 

showed that children who showed rapid catch-up growth (gain in w eight SDS > 0.67) 

between birth and 2 years had lower weight and length at birth and were fatter and 

had more central fat distribution at five years than other children (Ong et al., 2000). 

O f note O ng’s study does not specifically exam ine SGA births. In contrast, B arker’s 

Helsinki study associates adult coronary events with being small at birth and thin at

243



tw o years o f  age and rapid weight gain thereafter. This pattern o f  growth during 

childhood was also associated w ith insulin resistance in later life. The risk o f  coronary 

events was m ore strongly related to the tem po o f  childhood gain in BM I than to the 

BM I attained at any particular age (Barker et al., 2005). Due to the small num bers in 

this study it is conceivable how ever that an association with postnatal catch-up rates 

o f  children bom  SGA and overw eight in childhood has not been detected.

Hediger et a l’s study o f  children born SGA found that lower birth w eight was 

associated with a subsequent higher ratio o f  fat m ass to lean mass, and greater central 

fat (H ediger et al., 1998a). Therefore infants born SGA who appear to be gaining 

weight appropriately may be found instead to have increasing fatness but poor growth 

in muscle. Thus, at any given weight for infants and children at 2 to 47 m onths o f  age, 

percent body fat appears to be relatively higher for children who were SGA at birth 

and lower in those who were LGA at birth (H ediger et al., 1998a). Such differences in 

body com position for children born SGA docum ented by Hediger et al m ay point to a 

link between disturbances in intrauterine growth and chronic disease associated with 

subsequent adiposity in adulthood (Hediger et al., 1998a). The clinical assessm ents 

perform ed in this study how ever were not sufficient to distinguish between lean and 

fat mass. A lthough BMI appears to be the best available tool for screening for obesity 

(Hall and Cole, 2006), the m ost appropriate tool used to assess lean and fat mass is 

dual-energy x-ray absorptiom etry (DXA) which w as not available for use as a 

screening tool in this study. Hence it is conceivable that despite attainm ent o f  weight 

and BMI within the normal range in the m ajority o f  the children assessed, they may 

have subtle differences in lean and fat m ass which confers an increased risk o f  later 

adult disease such as insulin resistance. This would indicate that further follow up o f  

these children later in childhood should be considered.
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Head circumference at 4-6 years

M ean head growth in the children assessed was found to  be in the normal range (-0.9 

SDS) how ever six children had head circum ference < -2 SDS. N one o f  these children 

in required special schooling. From studies o f  postnatal growth, it appears that the 

significant disparity in head size from the norm al-sized infant at birth is only partly 

reduced by the end o f  the first year in term infants bom  severely small for gestational 

age (Babson, 1970). H ow ever data on head circum ference during infancy was not 

available for this study. Body proportions at birth also have a relationship with head 

circum ference in childhood (Arends et al., 2004). Arends et al showed that in short 

SGA children mean head circum ference SDS at the age o f  5.9 years was significantly 

lower in children born SGA for both length and w eight com pared with those born 

SGA for length only. In those born SGA for length head circum ference tends to be 

relatively large in m any o f  these children (Arends et al., 2004). In addition, Huxley et 

al have reported that both birth weight and head circum ference at birth are inversely 

related to systolic blood pressure and that accelerated postnatal growth is also 

associated w ith raised blood pressure(H uxley et al., 2000). In a large follow up Dutch 

study o f  prem ature infants, Rijken et al also found a relationship between sm aller 

head circum ference and an abnormal neurological exam ination and abnorm al mental 

and psychom otor developm ental index (Rijken et al., 2006). In addition, a follow up 

study by Hack et al o f  249 children born w ith very low birth w eight (<1.5kg), 

perinatal growth failure as evidenced by a subnorm al head circum ference at eight 

m onths o f  age, showed an association with poor cognitive function, academ ic 

achievem ent, and behaviour at eight years o f  age (Hack et al., 1991). Similarly, 

Forslund and B jerre’s study o f  Swedish children bom  < 35 weeks gestation has shown

245



a neurological optim ality  score at 4 years o f  age to be related to head circum ference 

but not to length or w eight (Forslund and Bjerre, 1990). A nother recent study 

dem onstrated that small head circum ference was strongly associated with learning 

problem s in school-aged children (Stathis et al., 1999).

Although lack o f  accurate birth length and head circum ference data m ake it 

im possible to determ ine any such relationship in this study, these studies highlight the 

im portance o f  standardised m easurem ents o f  head circum ference at birth and 

throughout infancy.

Preterm versus Term Children born SGA -  Birth Data & Auxology at 4-6 years

C om paring the children born preterm (<37/40) (N=12) with those born term (>37/40) 

(N=44), there w ere significant differences observed in height and w eight at 4-6 years, 

with those born preterm  being shorter (-1.4 SDS versus -0.6 SDS) and lighter (-1.7 

SDS versus -0.7 SDS). No significant differences were seen in birth weight SDS, or 

BMI, BMI SDS and head circum ference at 4-6 years. A lthough catch-up growth may 

take longer in children born SGA and prem aturely (A lbertsson-W ikland and Karlberg, 

1997), catch-up growth if  it is to occur, should have occurred in the m ajority o f  

children by age 2 years, hence this does not explain the auxological differences 

com pared to term SGA infants observed in this study. However, despite evidence o f 

catch-up growth during childhood, assessm ent in early adulthood has shown preterm 

infants to be at a disadvantage with respect to final height attainm ent, with this effect 

being more pronounced in m ales born SGA (Hack et al., 2003). Some evidence 

suggests that growth im pairm ent is not restricted to the early postnatal period. Gibson 

et al investigated 200 preterm infants and 50 randomly selected healthy preterm term

246



infants from the sam e population and followed them  from birth to age 7 years (Gibson 

et al., 2000). The investigators found early growth in all infants born preterm , but 

m ore rapid im provem ent in those born more m ature. The Epicure Study o f  grow th and 

blood pressure at 6 years o f  age following extrem ely preterm  birth (< 26 weeks 

gestation) found the children to be 1.2 SDS lighter, 0.97 SDS shorter, BMI was 0.95 

SDS lower and head circum ference 1.3 SDS lower com pared to their full term 

classm ates (Bracewell et al., 2007). Birth weight for gestational age rem ained strongly 

associated with all growth outcom es at 6 years except BM I. How ever extrem e 

prem aturity was not exam ined in this study and therefore B racew ell’s findings clearly 

represent a distinct entity o f  prem aturity where infants are more vulnerable for 

neonatal com plications which may affect growth. A nother follow-up study by 

Gutbrod et al o f  children born < 32 weeks gestation has dem onstrated sim ilar findings 

to this study, with poor growth over the first 5 years o f  life. Being born underw eight 

and with a short gestation (SGA and VLBW ) was associated with poor w eight gain 

and head growth in infancy but did not result in poorer growth than in infants o f  the 

same birth w eight but shorter gestation (i.e. infants appropriate for gestational age but 

low birth w eight) in the long term (Gutbrod et al., 2000). Some neonatal 

com plications m ay explain differences in growth o f  infants born prem aturely. SGA is 

related to early developm ental delay and later language problem s; however, neonatal 

com plications m ay have a larger detrimental effect on long term  cognitive 

developm ent o f  V LBW  infants than whether they are born SGA or AGA (Gutbrod et 

al., 2000).

For example, Rijken et al showed bronchopulm onary dysplasia (BPD) to be related to 

sm aller length, w eight and weight-for-length, possibly explained by higher energy 

expenditure in these infants. H ow ever others studies have not found a relationship
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between BPD and growth at 3 and 2 years (Daily et al., 1994, D usick et al., 2003). 

Due to the small num ber o f  children in this study who were born prem aturely, and the 

fact that they w ere o f  gestation > 28 weeks, such associations were not explored. 

Furtherm ore use o f  antenatal corticosteroids in this group w as not explored but would 

be interesting to consider as antenatal corticosteroids adm inistration has been 

associated with a reduction in head circum ference even after controlling for birth 

weight, and the effect on birth weight and head circum ference increases with 

advancing gestational age (Thorp et al., 2002). O f note, no statistical differences in 

head circum ference SDS were found between those SGA infants born prem aturely or 

those born at term . This is reassuring as small head circum ference is significantly 

associated with low cognitive ability at 6 years in children born with extrem ely low 

birth w eight (Stathis et al., 1999, Rijken et al., 2006). A study o f  280 children born 

before 32 w eeks gestation and 210 term infants found an association between 

prem aturity and poor cognitive behaviour, with short stature and sm all head 

circum ference being the strongest predictors o f  poor perform ance (Cooke and 

Foulder-H ughes, 2003).

The findings o f  this study would suggest that postnatal growth in infancy was 

appropriate in these children born SGA and preterm, resulting in attainm ent o f  height, 

w eight and head circum ference w ithin the normal range, although m ean height and 

weight were below  that o f  the children born at term.

Child’s Height at 4-6 years in relation to Parents’ Height

Ideally both parents should have been m easured by the investigator in order to 

accurately calculate m id-parental or target height for each child. H ow ever this was not
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possible in all cases, although there appeared to be good agreem ent between reported 

heights and m easured heights in the mothers. For those children in whom  target height 

was calculated it w as possible to deduce a corrected height SD score. The mean 

corrected height SDS was -0.5, which was significantly different to the original height 

SDS. This would indicate that som e degree o f  the SGA ch ild ren’s height can be 

attributed to m id-parental or target heights being below the mean. Hence these 

children have alm ost reached their genetic potential. These observations have good 

prognostic im plications for their final height as increased risk for adult shortness in 

children born SGA has been more evident in groups with higher target heights (Luo et 

a!., 1998). In addition, in the Swedish cohort assessed by K arlberg and Albertsson- 

Wikland, m id-parental height was found to be significantly related to the m agnitude 

o f  catch-up growth from birth to 18 y o f  age (K arlberg and A lbertsson-W ikland,

1995). O f  note how ever, definitions for catch-up growth are based on the normal 

height range for the population and do not allow  for an estim ation o f  the ch ild ’s 

genetic potential in stature, i.e. expected adult or target height, based on mid-parental 

height corrected for gender. This is an important distinction, as for exam ple target 

height is a strong predictor o f  response to GH treatm ent (Saenger et al., 2007).

As found by the questionnaire data received, parent reporting o f  their child’s height 

and w eight when m easured at hom e was found to agree closely with the 

m easurem ents taken in the clinic. This would indicate that parents are good at grov*1;h 

estim ation and that the value o f  hom e m easurem ents should not be dismissed.

Smoking in Pregnancy - Birth Weight & Auxology at 4-6 years
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Although there w ere high rates (50%) o f  maternal sm oking during pregnancy in the 

group o f  children born SGA who were assessed at 4-6 years, there was no evidence o f  

a difference found between the tw o groups in any o f  the variables m easured (BW 

SDS, HtSDS, W tSDS, BMI, BM ISDS, OFCSDS). Interestingly, the children o f 

m others who had sm oked were heavier (mean weight -0.7 SDS) than those who had 

not sm oked (m ean w eight -1.1 SDS) although this was not statistically significant (p = 

0.23). In addition there was a borderline statistically significant difference in BMI 

SDS (p = 0.07) betw een the two groups, with offspring o f  sm okers having a higher 

BMI SDS (-0.4 versus -0.9). In previous studies infants o f  maternal sm okers were 

found to be sym m etrically small at birth com pared with infants o f  non-sm okers, and 

tended to show  com plete catch-up growth over the first year o f  life (Ong et al.,

2002b). This indicates a drive by the body to com pensate for antenatal growth 

restraint caused by maternal non-genetic factors which is present from early  fetal 

developm ent. The future health o f  children born SGA where maternal sm oking 

contributed to  or caused the low birth w eight however m ay extend beyond growth 

issues, with possible deficits in bone mineral density and susceptibility to respiratory 

disease persisting (Jones et al., 1999) (H ofhuis et al., 2003). A study o f  330 children 

by Jones et al found that m aternal sm oking during pregnancy was associated with 

deficits in growth and bone m ass in children born at term, with docum ented lower 

height and a trend to lower w eight at age 8 (Jones et al., 1999), although SGA births 

were not exam ined specifically. In addition von M utius et al have found an 

association w ith prenatal m aternal smoking and increased risk for sym ptom atic 

asthm a (von M utius, 2002). The findings o f  this study would suggest that children 

born SGA w hose m others sm oked during pregnancy may be heavier at age 5 years
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com pared to those born SGA to non-sm okers, how ever larger num bers would be 

required to reach m ore definite conclusions.

M a te rn a l H y p erten sio n  & H isto ry  o f d o cu m en ted  lU G R  -  A uxology a t  4-6 y ea rs  

In contrast to the offspring o f  m others who sm oked in pregnancy, both hypertension 

and a docum ented history o f  lU G R during pregnancy were associated with low er birth 

weight SDS than those infants with no history o f  m aternal history or lU GR, although 

this did not reach statistical significance. Gestation how ever was significantly shorter 

in both those with a history o f  maternal hypertension or lUG R when com pared to 

those with no such history. These findings indicate that those born small due to 

underlying pathology such as maternal hypertension or various causes o f  lUGR, are 

more likely to be born at earlier gestations. These observations are consistent with 

other studies, especially those where use o f  custom ised fetal growth charts adjust for 

maternal and fetal factors contributing to fetal size (Gardosi, 2006). It m ay also be an 

example w hereby earlier delivery protects against adverse program m ing which would 

occur if  the fetus were to stay in utero (Barker, 1994). In addition the children born 

SGA who had a docum ented history o f  lU GR were found to have significantly lower 

weight (w eight SDS -1.3 versus -0.6) and lower BMI SDS (BM I SDS -I.O versus - 

0.3) at 4-6 years when com pared to those children who had no docum ented history o f 

lUGR. N o auxological differences at 4-6 years were seen in the group w hose m others 

had hypertension during pregnancy. It is conceivable that those children born w ith a 

history o f  lU G R are m ore susceptible to slower growth due to an inherent problem  

within the fetus rather than those with SGA attributable to maternal hypertension, 

however the two groups are not necessarily m utually exclusive and w arrants further 

analysis. Studies o f  follow-up growth in children born SGA do not appear to
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distinguish between those w ith or w ithout lUGR, but are based on the various cu t-off 

definitions for birth w eight or length. In addition, it is probable that m ore than 23%  o f 

the children in this SGA group assessed had lUGR but that it w'as not detected on 

antenatal ultrasound. Therefore it is difficult to draw definite conclusions on the 

im plications o f  antenatal growth restriction as distinct from being born SGA w ithout a 

diagnosis o f  lU G R  in association with follow up growth at age 4-6 years.

Medical problems identified, risk of metabolic syndrome & developmental 
progress

From the group o f  children assessed only one child was found to be obese (BMI = 

20.4) when seen at age 6 years. Aside from short stature it has been shown that under

nutrition in utero increases the risk o f  obesity in adulthood (Stein et al., 1997, Barker 

et al., 1997). As shown in studies by Ong et al, those who develop the highest body 

m ass index (BM I) early in life, have been found to be the m ost insulin-resistant, and 

at increased risk o f  developing type 2 diabetes (Ong, 2006, Ong and Dunger, 2004, 

Ong et al., 2002b). In a study o f  29 SGA children (mean age 9.1 years) by Veening et 

al significant insulin resistance was only found in children with catch-up growth 

resulting in a current BMI > 17 (Veening et al., 2002). As childhood obesity has been 

shown to have im portant consequences for m orbidity and m ortality in childhood and 

later life (Dietz, 2004) identification o f  risk factors that predict its very early 

developm ent is required for obesity prevention (Ong, 2006).

Although this child w as norm otensive at the tim e o f  assessm ent, results o f  a study by 

Huxley would indicate that he is a risk o f  hypertension in later life, as accelerated 

postnatal growth is also associated with raised blood pressure (Huxley et al., 2000).
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One girl seen at age 4 years with low w eight was found to have a positive tissue 

transglutam ase test leading to a subsequent diagnosis o f  coeliac disease. This 

highlights the im portance o f  considering other causes o f  poor growth in children born 

SGA other than the perinatal history.

In any child born SGA, until o ther causes o f  growth problem s are excluded, poor 

w eight or height should not be attributed to the history o f  SGA alone. This is 

consistent with international consensus guidelines (C layton et al., 2007).

Twin pairs -  Birth data and Auxology at 4-6 years

In this study 4 tw in  pairs were assessed. In each pair only one infant was born SGA (2 

boys, 2 girls). All 4 SGA infants had a height and w eight w ithin the norm al range 

when assessed at 4-6 years. However, in two cases the tw in born SGA was 

considerably sm aller than its non-SGA twin (height difference 0.8 and 1 SDS, weight 

discrepancy 0.6 and 1.5 SDS). O f note, there are currently  no standard data for 

m ultiple births, and as it is w idely acknowledged that m ultiple gestations m ay in 

them selves be a cause o f  low birth weight/SGA. Therefore it m ay be argued that 

normal growth curves m ay not be the most appropriate reference model for twins 

(Saenger et al., 2007) and that SGA may be over diagnosed in tw ins where fetal 

growth potential is not taken into account (Gardosi, 2006). It is nevertheless 

recom m ended that norm al standards for catch-up growth in height should be applied 

to individuals from m ultiple births (Saenger et al., 2007). In keeping with this in one 

study o f  catch-up growth in children born SGA, gestational age, m ultiple birth, and 

sex were not significantly associated with catch-up in height > 3'̂ '̂  centile by age 2 

years (H okken-K oelega et al., 1995).
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Follow  up in infancy

The low rates o f  follow up during infancy reported by the parents o f  the children 

assessed in this study suggest that international consensus on m anagem ent o f  children 

born SGA (Clayton et al., 2007) w ere not being routinely im plem ented in 1999-2001. 

This highlights the im portance o f  inform ing nursing and m edical s ta ff both o f  the risk 

o f  failure o f  catch-up growth and also the future health problem s associated with rapid 

postnatal w eight gain in these children, so that a service can be developed to monitor 

these children for the first 2-3 years o f  life.

4.3 P o p u l a t i o n  (2.) P a t i e n t s  B o r n  SGA T r e a t e d  w i t h  G r o w t h  H o r m o n e  

4.3.1 Patient Population and R ecruitm ent

Recruitm ent for the North Europe Small for G estational A ge Study (NESGA S) was 

slow  but steady and im proved once information on the study and its progress was 

dissem inated. Interestingly boys represented a clear m ajority o f  patients treated with 

Growth H orm one (GH) which possibly reflects public perceptions o f  short stature 

being m ore o f  a problem for m ales and is consistent with studies o f  gender difference 

in referral rates for short stature (Lee et al., 2007, G rim berg et al., 2005). This has 

general im plications for delayed diagnosis o f  conditions associated w ith short stature 

in girls, not ju s t in girls born SGA but also conditions such as T urner’s syndrom e and 

GH deficiency. However, despite alm ost equal num bers o f  boys and girls presenting 

for the CW H follow-up study, all those detected with short stature w ere boys.
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All Paediatricians (including N eonatologists) were informed by letter about the study 

and the im portance o f  early  referral o f  children born SGA with growth concerns. A 

review  paper on the condition (Johnston and Savage, 2004), and the 2001 

international consensus guidelines (Lee et al., 2003) were included with the letter in 

order to provide up to  date and impartial inform ation literature on the subject. A 

presentation was m ade at the Faculty o f  Paediatrics Scientific was aim ed at inform ing 

C onsultant Paediatricians o f  the study w here a num ber o f  queries were addressed. In 

addition the inform ation m eeting on Small for Gestational Age with a num ber o f  

expert speakers in the field o f  Neonatology and Paediatric Endocrinology highlighted 

the im portance o f  recognising SGA and the new indications for treatm ent. Concern 

arises over the low num bers o f  referrals from other Paediatric Endocrinologists who 

are following children w ith short stature in their clinics, some o f  whom  are likely to 

have been born SGA. This could be due to personal reservations on the part o f  some 

Paediatric Endocrinologists on the use o f  GH in children born SGA due to limited 

long-term safety data (personal com m unication). The positive results observed in this 

study however, m ay help to  increase interest in the treatm ent and the study leading to 

further recruitm ent. The sm all num ber o f  referrals from N eonatologists would suggest 

that these children may be discharged to prim ary health care in early childhood. In 

SGA children who are being follow ed up for growth problem s who have lack o f  

catch-up and short stature, the International C onsensus Statem ent on SGA, 2001 

recom m ends referral to a Paediatric Endocrinologist by age 3 for investigation (Lee et 

al., 2003). The low num ber o f  young children in this study may indicate either lack o f 

follow up or under-referral o f  children born SGA. In order to ensure m aximum 

detection o f  failure o f  catch-up growth in children born SGA we w ould recom m end
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accurate measurements o f length, weight and head circumference every 3 months for 

the first year o f life and every 6 months thereafter ideally up to age 2 for all children 

born SGA at their hospital o f birth. This is consistent with the recommendations o f the 

2007 Consensus Statement on Management o f the Child Born Small for Gestational 

Age o f the International Societies o f Paediatric Endocrinology and the Growth 

Hormone Research Society (Clayton et al., 2007), and as most infants will have 

demonstrated catch-up by 6 months (Karlberg and Albertsson-Wikland, 1995) this 

should detect any child at risk o f short stature for which timely appropriate referral to 

a Paediatric Endocrinologist could be arranged.

Potential side-effects including theoretical risks o f neoplasia and diabetes were 

discussed with all parents. Hence some parents had reservations relating to potential 

side-effects o f GH treatment which led to delays in commencement o f treatment. Five 

children eligible for GH treatment were not treated during this study however one 

child has recently commenced treatment and two are currently being worked up for 

treatment. The International SGA Advisory Board (Lee et al., 2003) recommends that 

parents should be asked about a family history o f type 2 diabetes, although any 

potential long-term risk as a consequence o f  elevated insulin levels is unknown. 

Although there is no evidence that the risk o f malignancy is increased (Cutfield et al., 

2006) the theoretical risks o f potentiating a pre-existing neoplasm by stimulation o f 

IGF growth factors was outlined to the parents before consent was given. These 

unknown potential risks and the number o f investigations required prior to treatment 

with GH (OGTT/IVTT) may have an influence on parents’ enthusiasm both for 

treatment and for inclusion o f their child in a research study. In addition, as short 

stature is not a life-threatening condition per se they may be inclined to favour the
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known risk o f  short final adult height versus the unknown long-term  risks, despite the 

increasing num ber o f  studies now em erging with reassuring results.

4.3.2 Growth Hormone Status

T hree patients w ere found to have GH insufficiency when tested by GH stim ulation 

tests. A lthough 24 G H profiles were not perform ed in this study, the stim ulation tests 

em ployed were consistent with hospital policy. In addition, as growth horm one status 

was not the main focus o f  the study it did not affect whether the child was treated or 

not, or the dosage used, w hich was consistent with other studies (Sas et al., 1999, 

Azcona et al., 1998). W hat com plicates the m atter is that GH is inconsistently defined 

and ranges from severe to borderline and there may be a transient character to GH 

insufficiency (C outant et al., 1998). The accepted hospital definition for GH 

insufficiency is a peak level < 15 mU/L. The value o f  GH testing in SGA children is 

controversial due to the uncertainty o f  results and the risks and em otional effects 

incurred by the young patient and the fact that response to GH has been shown to be 

unrelated to spontaneous GH secretion and m axim um  GH levels following 

stim ulation testing (Sas et al., 1999, Azcona et al., 1998). It is not surprising that some 

o f  the patients had low GH levels as disturbances o f  the G H /IG F axis have been 

described in previous studies o f  short children born SGA (de Waal et al., 1994, 

Ackland et al., 1988, Boguszew ski et al., 1995). The proportion o f  short children born 

SGA with low GH levels appears to vary between studies. A study o f  31 prepubertal 

short SGA children by A ckland et al found only 4 cases with a m axim um  overnight 

GH concentration o f  < 20m U/L (Ackland et al., 1988, S tanhope et al., 1989). In a 

study o f  40 short prepubertal children born SGA (birth length < centile) by De
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Waal et al, 50-60%  had abnorm al 24-hour profiles and/or irregular responses to GH 

stim ulation testing (de Waal et al., 1994). Boguszew ski et a l’s study o f  106 children 

concluded that children born SGA and still short at >2 years o f  age spontaneously 

secrete less G H than healthy children with short stature born AGA, and that short 

prepubertal children bom  SGA secrete less GH than children o f  normal height 

(Boguszewski et al., 1995). M oreover, in the youngest SGA children (2-6 yr o f  age) 

there was another pattern o f  GH secretion, with a high basal GH level, low peak 

amplitude, and a high peak frequency. In contrast. W oods et al com pared 13 short 

children born SGA with 15 normal stature prepubertal controls and found all 

param eters o f  overnight GH secretion to be higher in the short SGA children, and 

com pared to those o f  other published studies (W oods et al., 2002).

Due to small num bers involved in this study, no analysis was perform ed to determine 

any association between growth outcom es and growth horm one levels prior to 

treatm ent, but previous large studies (56-79 patients) exploring this area have found 

that response to GH has been shown to be unrelated to spontaneous GH secretion and 

m aximum GH levels following stimulation testing (Sas et al., 1999, Azcona et al., 

1998). Specifically, C hem ausek et al reported no significant correlation between peak 

stim ulated GH levels and first-year growth velocity or first-year increment in growth 

velocity (A H eight velocity SDS) (C hem ausek et al., 1996). Furtherm ore GH levels at 

birth have not been found to correlate with short stature at age 2 years (Leger et al., 

1996).
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4.3.3 Growth Hormone Treated Patients

All but two patients were treated with double the standard EU dose o f  GH for the first 

year o f  treatm ent (0.067m g/kg/day). The other tw o patients were treated with standard 

dose o f  0.035m g/kg/day. The reason for this was their lack o f  eligibility for the 

NESGAS study (due to age > 9.9 years) for which the higher dose had been approved. 

The rationale for using high dose for the first year o f  treatm ent was to detect any non

responders to GH -  the reasoning being that if  standard dose were used it m ay not be 

clear whether a poor response was due to an insufficient dose or for other reasons. At 

start o f  treatm ent all patients had severe short stature (< -2.5 SDS), m ean -3.2 SDS, 

except for one patient with a height SDS o f  -2 who was included as he was very short 

for mid-parental height (-2.3SDS) and had poor height velocity (-1 SDS). However, it 

has not been unusual to treat patients with a height SDS o f  < -2 (Dahlgren and 

W ikland, 2005) (C outant et al., 1998) or even < -1 .8 8  (Sas et al., 1999) and indeed the 

International Consensus Statem ent on SGA, 2001 recom m ended treatm ent for height 

< -2 who have subnorm al growth rates (Lee et al., 2003). In addition, as pointed out in 

a recent review o f  SGA by Saenger et ai, definitions based on the norm al height range 

do not incorporate the patient’s expected adult height, based on parental stature or 

genetic potential (Saenger et al., 2007). For these reasons the patient was therefore 

included in the study. The auxological characteristics and mean age (m ean 7.3 years; 

range 4-11.8) o f  starting treatm ent observed in these patients are sim ilar (or slightly 

older) to  those reported in other studies using GH for treatm ent o f  short SGA 

children; mean 5.2 years (de Zegher et al., 2000); m ean 6.3-7.4 years (C hernausek et 

al., 1996); mean 8.1 years (Van Pareren et al., 2003a); 4.7 years (Boguszew ski et al., 

1998).
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4.3.4.1 Growth Response following Growth Hormone Treatment

All patients in the study treated with GH responded significantly in all auxological 

param eters (height, weight, height velocity, BM I and head circum ference SDS). There 

were no non-responders (defined as change in height velocity < +1 SDS). Importantly, 

although BM I SDS improved with treatm ent (mean -1.4 SDS at baseline to -0.9 SDS 

after one year o f  treatm ent), it rem ained below the mean, suggesting that body 

com position was not adversely affected.

M any parents reported that their child had a marked increase in appetite and food 

intake once treatm ent was com m enced. This appeared to greatly contribute to overall 

patient w ell-being, parent satisfaction and compliance. A study by B oonstra et al 

reported that short SGA children have indeed a lower food intake than age-m atched 

controls and found that it increased significantly during GH  treatm ent (n =  62) 

com pared to baseline in contrast to the randomized control group (B oonstra et al., 

2006). This w ould be an interesting aspect o f  treatm ent response to explore further.

No analysis was m ade in this study o f  the growth response in term s o f  the different 

dosages use. Such an analysis was beyond the scope o f  the study due to the small 

num bers and the short duration o f  treatm ent to date. How ever in the future any such 

effect will be explored when m ore data is available. The short-term  growth response 

to GH in SGA children has been found to be dependent on GH dosage (evaluated 

doses are 33, 67 and 100 ^g/kg/day) in most studies in a m eta-analysis by de Zegher 

and Hokken K oelega (de Zegher and Hokken-Koelega, 2005). H ow ever final adult 

height after long-term  GH treatm ent did not show significant difference between 

standard (0.033m g/kg/day) or high dose (0.067m g/kg/day) groups in a study by Van
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Pareren et al (Van Pareren et al., 2003a). In addition, de Z egher and Hoicken 

K oelega’s study o f  28 short children born SGA found that shorter stature at the start 

o f  GH treatm ent w as associated with more long-term height gain (de Z egher and 

Hokken-Koelega, 2005).

Positive effects were also seen on weight gain follow ing one year o f  GH treatm ent, 

w ith mean w eight SDS increasing from -3.4 at baseline to -2.2 SDS. Overall BMI 

SDS increased from -1 .4 at baseline to -0.9 SDS following one year o f  treatm ent 

which indicated appropriate weight gain for height gain. These observations are 

consistent with other studies where height and weight have both been shown to 

norm alise with GH treatm ent (de Zegher et al., 1999, D ahlgren and W ikland, 2005).

In a study by Ranke et al, analysis o f  data from 613 children born SGA and treated 

with GH led to the developm ent o f  a clinical prediction model allow ing GH treatm ent 

to be individualised in children born SGA. The GH dose was the m ost important 

predictor, accounting for 35%  o f  the variability in response (R anke et al., 2002, Ranke 

et al., 2003). O ther predictors during the first year were in order o f  im portance, age at 

the start o f  treatm ent (negative correlation), w eight SDS at the start o f  treatm ent, and 

mid-parental height SDS (positive correlation) (Ranke et al., 2003). A model for the 

response to the second year o f  GH treatment showed that the m ost im portant predictor 

o f  subsequent growth w as height velocity during the first year o f  treatm ent (Ranke et 

al., 2003). Two other studies have also found an association between w eight and/or 

BMI at start o f  treatm ent and response to treatm ent (C outant et al., 1998, Dahlgren 

and W ikland, 2005). C outant et al reported an inverse relationship with BMI at start 

o f  treatm ent and final adult height attainm ent (Coutant et al., 1998). In addition,
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Dahlgren and W ikland found that children with lower w eight and/or BM I responded 

better to GH treatm ent (Dahlgren and W ikland, 2005).

In this study a positive effect on head circum ference was also seen. M ean head 

circum ference increased from -2.1 SDS at baseline to -1.6 SDS follow ing one year o f  

GH treatment. In a study o f  long-term GH treatm ent (m ean duration o f  treatm ent 8 

years) in 79 children born SGA (m ean age at start o f  treatm ent 7.4 years) by Hokken- 

Koelega et al, head circum ference SDS at the start o f  GH therapy and head growth 

during GH therapy w ere positively related to all IQ scores, w hereas neither were 

related to height SDS at the start of, or to its im provem ent during, GH therapy. Head 

circum ference increased in GH-treated children born SGA, but not in untreated SGA 

controls. In parallel to an im provem ent in height SDS, a significant im provem ent in 

intelligence quotient (IQ) was dem onstrated. In addition, problem  behaviour and self

perception im proved significantly. O f note, IQ scores were positively related to head 

circum ference, both at the start of, and during, GH therapy (H okken-K oelega et al., 

2005, van Pareren et al., 2004). Furtherm ore, an association between IQ and IGF-1 

levels has been dem onstrated (Gunnell et al., 2005) which suggests that there are 

im portant neuro-developm ental processes in children born SGA w hich require further 

research (Saenger et al., 2007).

4.3.4.2 Growth in children starting GH over age 9.9 years

Signs o f  puberty were closely m onitored in all patients while on treatm ent with GH. 

There were no cases o f  precocious puberty occurring w hile on GH treatm ent however 

two boys entered puberty at age 11.5 and 13 years respectively, both w ithin two years 

o f  com m encing treatment. The latter case has Silver Russell syndrom e. Both boys 

were treated w ith an LHRH analogue in an attem pt to arrest the progression o f
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puberty. Com bination o f  treatm ent with GH and an LHRH agonist rem ains a 

controversial approach as no good final height data are available (Carel, 2006).In both 

cases the growth velocity appears to have slowed since com pletion o f  the first year o f 

GH treatm ent. A lthough signs o f  puberty have not yet been observed in the tw o other 

boys who com m enced G H treatm ent after the age o f  9.9 years, in general however, 

these older children had less response overall than those who com m enced GH at an 

earlier age. C linical trials have shown that growth response to G H treatm ent is better 

when children com m ence treatm ent early in childhood and that age at initiation o f 

treatm ent is a m ajor determ inant o f  the growth response (Sas et al., 1999, A lbertsson- 

Wikland, 1989, B oguszew ski et al., 1998). Two studies (C outant et al., 1998,

Zucchini et al., 2001) have looked at GH treatm ent in o lder children (10.9 and 10.7 

years), and reported low m ean final height SDS gain (+0.5 and 0.9 SDS). This may be 

explained by shorter duration o f  treatm ent and lower efficacy o f  GH treatm ent in 

pubertal children in com parison with other studies w here GH com m enced at a 

younger age (Van Pareren et al., 2003a, H okken-K oelega et al., 2004). H ow ever it 

must be noted that a low mean dose o f  GH (0.4 +/- 0.1 lU /kg/w eek) used in the study 

by Coutant et al m ay explain the lower final height (C outant et al., 1998). In addition, 

the study by Zucchini et al used different birth w eight criteria (<10* centile) for 

treatm ent and only treated those with docum ented abnorm al GH secretion (Zucchini 

et al., 2001).

The children born SGA in this study whose parents did not wish for their child to be 

treated with GH continued to grow poorly in com parison with those treated, and 

rem ained short.
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These findings highlight the im portance o f  early identification o f  children born SGA 

with persistent short stature who may benefit from GH treatment.

4.3.4 Glucose Homeostasis

The short intravenous tolerance test (IVGTT) was perform ed in 15 children 

com m encing or due to com m ence high dose GH (0.067m g/kg/day). This was 

perform ed in order to exam ine insulin sensitivity and to out rule im paired glucose 

intolerance or diabetes m ellitus prior to treatment. C onsistent with hospital policy, 

O G TT was perform ed in all children prior to com m encing treatm ent, including the 2 

children who received standard dose GH (0.035m g/kg/day) and w ho had no IVGTT. 

No abnormal baseline IVGTTs or OGTTs were seen.

The method chosen to assess insulin secretion and sensitivity appears appropriate for 

the group studied. Davis et al. com pared four methods for m easuring insulin secretion 

in man: H yperglycaem ic clam p (Hy); M inimal model (M IN); shortened intravenous 

tolerance test (IVG TT) and continuous infusion o f  glucose with m odel assessm ent 

(C .I.G .M .A ) (D avis et al., 1992). The authors found that the 3 minute insulin 

concentration and the incremental area under the insulin secretion curve from 0-10 

m inutes (IV GTT) w ere valid estim ates o f  the insulin secretion and concluded that the 

shortened IV G TT is a practical, sim ple and reliable m easure o f  insulin secretion in 

m an which gives results sim ilar to other more sophisticated methods. T he hom eostasis 

m odel assessm ent o f  insulin sensitivity (H 0M A 2-S% ) takes into account the effect o f  

variation in fasting blood glucose levels on insulin levels (Hosker et al., 1985, 

M atthews et al., 1985, Turner et al., 1979). Although this m odel has only been 

validated in adult populations (Phillips et al., 1994b, H affner et al., 1996), it has been
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used in sim ilar studies o f  short children born SGA (W oods et a!., 2002, Bozzola et al., 

2005) and results have been consistent with Hofman et a l’s sim ilar study in children 

using the m odified m inim al model assessm ent (H ofm an et al., 1997). Using IVGTT, 

Hofm an found a m arked difference in the insulin sensitivity index between two 

groups o f  short children born following lUGR and those w ithout a history o f  lUGR, 

with the lU G R  group being less insulin sensitive. The acute insulin response was also 

significantly different between groups, with lU G R subjects having higher insulin 

levels (H ofm an et al., 1997). However, the observation that hepatic and peripheral 

insulin sensitivity (IS) can differ considerably in the sam e individual raises concern 

about the use o f  H OM A as a m easure o f in vivo IS because an assum ption o f  this 

m odel is that hepatic and peripheral IS are equivalent.

Insulin sensitivity, as assessed in 9 patients by the hom eostasis model assessm ent 

(H 0M A 2-S % ), show ed a decrease in the mean H 0M A 2-S%  after one year o f  GH 

treatm ent how ever this was not statistically significant. The hom eostasis model 

assessm ent o f  insulin sensitivity (HOM A2-S% ) provides an index o f  tissue sensitivity 

to insulin (IS) and relies on the product o f  fasting plasm a glucose and insulin 

concentrations. The results are not valid if  the glucose values are outside the range: 

3.5-25m m ol/L  and if  the insulin levels are outside the range 20-400pm ol/L . Hence 

such cases w ere excluded from analysis.

Insulin secretion, as assessed by area under the curve (AU C) calculations from the 

insulin values obtained during the IVGTT was found to increase following one year o f 

GH treatm ent, as assessed in 9 patients. Fasting basal insulin and C-peptide levels 

both significantly increased following one year o f  treatm ent, but in addition, the acute
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glucose-stim ulated insulin response was also larger com pared to the pre-treatm ent 

response. Furtherm ore, the disposition index (insulin secretion x insulin sensitivity) 

was not found to have changed significantly, indicating that insulin secretion had 

adequately com pensated for any change decrease in insulin sensitivity induced in 

these patients following one year o f  GH treatment.

The findings o f  this study are consistent with other studies o f  the effects o f  GH on 

insulin sensitivity and secretion. Despite no overall effect on glucose levels, in a study 

o f  78 short children bom  SGA, Sas et al found that GH treatm ent induced higher 

fasting insulin levels and glucose-stim ulated insulin levels, indicating relative insulin 

resistance (Sas et al., 2001). A lthough GH treatm ent was found to cause som e insulin 

resistance in a study o f  47 children born SGA as assessed by oral glucose tolerance 

test, van Pareren et al and Hokken-K oelega et al reported that the G H -induced insulin 

insensitivity had disappeared 6 m onths after discontinuation o f  GH, even after long

term  GH treatm ent (van Pareren et al., 2003b, H okken-K oelega et al., 2004). The 

degree o f  im paired glucose tolerance during GH therapy was found to be variable and 

unrelated to  GH dosage (van Pareren et al., 2003b, H okken-K oelega et al., 2004). 

C utfield’s study o f  12 short children born SGA showed that with G H treatm ent 

insulin sensitivity fell 44%  with a com pensatory rise in the acute insulin response o f 

123%. In addition, reassessm ent o f  insulin sensitivity in 5 children 3 m onths after 

treatm ent was stopped did not dem onstrate a recovery in this reduced insulin 

sensitivity (Cutfield et al., 2003a). In contrast, despite finding decreased insulin 

sensitivity during GH treatm ent o f  13 short children born SGA, de Z egher et al, 

showed significant im provem ents in insulin sensitivity when they w ere tested 3 

months after cessation o f  treatm ent and the slight increase in fasting insulin levels (5.2
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m U/1, p = 0.04) was sim ilar to tiiat observed in non-GH treated children over the 2 yr 

study period (de Zegher et al., 2002). In a study by Bozzola et al, the hom eostasis 

m odel assessm ent (H O M A ) index was used to evaluate insulin sensitivity in 24 

children treated with GH. A fter 2 years o f GH therapy, glycosylated haem oglobin and 

basal glucose levels did not change significantly. A lthough insulin sensitivity fell, it 

still remained w ithin the norm al range. M oreover, the insulin sensitivity reduction did 

not correlate to the GH dose used (Bozzola et al., 2005). In a more long-term  study 

van Dijk com pared insulin sensitivity (SI) and disposition index (DI) in 37 previously 

G H -treated SGA subjects (m ean 6.5 years after discontinuation o f  treatm ent) in young 

adulthood (mean 22.3 years old) with 25 untreated short SGA controls. No difference 

w as dem onstrated (van Dijk et al., 2007). M ean duration o f  treatm ent had been 7.3 

years. Fasting levels o f  glucose and insulin increased during GH treatm ent but 

recovered after discontinuation. The positive family history rates were sim ilar in both 

GH-treated patients and controls.

In some studies SGA children have been shown not to have altered insulin sensitivity 

when com pared with auxologically identical AGA subjects but interestingly have 

shown significantly lower glucose levels (C ianfarani et al., 2003). In addition, the 

authors found higher TSH concentrations in SGA children who had failure o f  catch

up growth, suggesting that intrauterine reprogram m ing m ay involve thyroid function, 

which, as the authors suggest, in turn might affect postnatal growth and cholesterol 

metabolism , thereby increasing the risk o f  cardiovascular disease in later life. Those 

SGA children who have not caught up in growth in the early years, such as in this 

study, would be expected to have less insulin resistance as the glucose induced insulin 

response as a m etabolic defense m echanism to protect the organism from
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hypoglycaem ia in infants with catch-up growth is higher than in children w ithout 

significant catch-up growth (Coile et al., 1976, Cianfarani et al., 1999). V eening et a! 

found no differences in glucose tolerance and beta-cell function between SGA and 

AGA groups o f  children, how ever reduced insulin sensitivity was found in SGA 

children using hyperinsulinaem ic euglycaem ic clamp studies, especially in those with 

catch-up growth and a high BMI (Veening et al., 2002).

The results from this study used to calculate disposition index indicate that as insulin 

sensitivity decreases, insulin secretion increases to com pensate which is reassuring, 

although the num bers are too small to reach statistical significance. However, concern 

could be justified  about the stress being placed on the already vulnerable beta cell in 

these SGA patients. Long term  follow up o f  these children will be required in order to 

draw any concrete conclusions on the significance o f  these observations. The recent 

results o f  long term  follow up studies on SGA patients previously treated with GH, 

however, are reassuring.

Glycosylated Haemoglobin A le  levels (HbAlcs)

Prior to com m encing GH treatm ent, the mean glycosylated haem ogloblin A le  

(H bA lc) was 5.4%  (normal range 4.6-5.8% ). One patient had a value o f  5.9%, ju st 

above the upper norm al limit. There was a small initial increase in the mean H b A lc  

levels following six  months o f  GH treatm ent but overall H b A lc  levels remained 

essentially norm al with little change from pre-treatm ent (m ean 5.4% ) values to those 

at one year (m ean 5.5%). A lthough three patients experienced higher levels (6.2- 

6.3%) by tw o years o f  GH treatm ent the m ean was still w ithin the normal range 

(5.7%). There w as no overall trend for levels to rise during the course o f  treatm ent, as
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individual H b A lc  levels appeared to fluctuate. A study o f  GH use for six years in 70 

prepubertal children did not show any adverse effects on H b A lc  levels (Sas et al., 

2001). D oses w ere reported as a weekly dose o f  0.24 or 0 .48m g/kg/w eek w hich as 

daily doses equate to 0.034 m g/kg/day or 0.069 m g/kg/day, sim ilar to the doses used 

in this study. In a study o f  safety o f  GH treatm ent in an A m erican trial where GH 

doses ranged from 0.032 to 0.037 m g/kg/day, slightly increased levels o f  H b A lc  from 

5.2%  at baseline to 5.4%  w ere not clinically significant (Cutfield et al., 2006). 

A lthough num bers in this study are small, there does not appear to be a concerning 

effect o f  GH treatm ent on H b A lc  levels how ever close m onitoring o f  H B A lc  is 

im portant.

4.3.5 Insulin like G rowth Factors (IGF-1)

M ean lGF-1 levels in the 18 patients tested was -0.8 SDS. Baseline IGF-1 levels were 

around or below  the m ean in all patients and within 3 m onths o f  GH treatm ent they 

had begun to rise (to varying degrees). These result are consistent with other studies, 

reflecting low IGF-1 levels suggesting persisting dysfunction o f  the GH-IGF-1 axis in 

children born SGA (de Waal et al., 1994, Boguszew ski et al., 1996, Leger et al., 1996, 

Sas et al., 1999, Van Pareren et al., 2003a). De W aal’s study o f  40 short prepubertal 

children born SGA found m ean plasm a IGF-1 and IGF-2 levels to be significantly 

reduced com pared to  controls. Sim ilar to the results o f  study, Boguszewski et a l’s 

study o f  72 short prepubertal children born SGA reported significantly lower levels o f  

IGF-1 (m ean -0.6 SDS) and IGFBP-3 com pared to controls, although most individual 

IGF-1 and IGFBP-3 levels fell within the normal range (Boguszewski et al., 1996). In 

a study by W'oods et al, IGF-1 levels in 16 short children bom  SGA were on average 1
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SDS lower than the population reference used (W oods et al., 2002), how ever subjects 

were shorter and leaner than the control subjects and the com parison was not adjusted 

for current size. O f note C utfie ld ’s study showed higher lGF-1 and IGFBP-3 

concentrations in the SGA children (n = 15) com pared to 12 A G A controls (mean age 

7-8 years) but lower IGF-1 levels than in children with norm al w eight and stature 

(Cutfield et al., 2002). Tenhola et a l’s Finnish study o f  55 children born SGA 

com paring with 55 AG A  children aged 12 years (age and gender m atched) found the 

BM I, sex, and puberty-adjusted mean serum IGF-1 concentrations to be significantly 

higher in SGA than in the A GA  children (Tenhola et al., 2005). It is possible that 

pubertal changes expected around the age o f  12, when IGF-1 levels rise (Juul et al., 

1994), may explain som e o f  the differences found in the Finnish study com pared to 

this study. The advantage o f  the reference range chosen is that IGF-1 levels are 

expressed in standard deviation scores which adjust for age and gender (Juul et al., 

1994) and reference ranges are based on a large Danish population study which 

appears to be the m ost appropriate reference standard currently available. However, 

the analysis in this study did not adjust for BMI or pubertal status as in the Finnish 

study. Further m onitoring and analysis o f  the children in this study m ay further clarify 

these observations.

A statistically significant increase in IGF-1 levels was found between IGF-1 levels at 

baseline and following one year o f  GH treatm ent which is consistent w ith other 

studies. IGF-1 level increases with GH are to be expected as this is probably the main 

m echanism  by which grow th is induced (Chatelain et al., 1998). GH was associated 

with a marked and sustained increase in mean serum levels o f  IGF-1 from low to 1-2 

SDS at GH doses o f  0.033m g/kg/day and to 2 SDS with doses o f  0.067m g/kg/day 

(Van Pareren et al., 2003a, Sas et al., 1999). In addition, discontinuation o f  GH has
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been associated with a reduction in IGF-1 levels (Van Pareren et al., 2003a). Sim ilar 

to the study by Sas et al, IGF-1 levels in this study after 2 years o f  GH treatm ent 

(lGF-1 SDS = 1.0) w ere sim ilar to those following the first year o f  GH treatm ent 

(lGF-1 SDS = 1 . 1 )  w hen assessed in 8 patients. H igher lGF-1 SDS (1.9 v 1.2) in Sas 

et a l’s study was associated with higher dose (0.067m g/kg/day) com pared to the lower 

dose (Sas et al., 1999) follow ing one and two years o f  treatm ent. A ssociations 

between dose o f  GH and IGF-1 levels w ere not analysed in this study but will be 

considered in the future. In other studies positive correlations between fasting insulin 

and IGF-1 levels have been found (Cutfield et al., 2002, Tenhola et al., 2005). In 

addition, it has been suggested that circulating IGF-1 levels m ay have GH- 

independent actions in the regulation o f  insulin sensitivity and m aintenance o f  insulin 

secretion (D unger et al., 2003). H ow ever such a relationship between IGF-I and 

insulin secretion has not been explored in this study and w arrants further analysis in 

the future.

4.3.6 Associations with growth velocity at baseline & following 1 year o f GH 

treatment

In relation to  baseline grow th velocity prior to GH treatm ent, no association was 

found in this study with IGF-1 levels. This is com parable to  a study by W oods et al 

involving sim ilar num bers (n = 16), and with patients o f  a slightly younger age (mean 

= 5.8 years) (W oods et al., 2002). H ow ever both studies involved small numbers. 

Higher acute insulin secretion in this study was found to be associated with greater 

baseline height velocity (r = 0.44) although this was not statistically significant, 

possibly due to the sm all num bers studied. However interestingly. W oods et al.
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dem onstrated sim ilar associations in a group o f  short SGA children. In that study, 

greater C-peptide levels w ere associated with better baseline height velocity (r = 0.75; 

p = 0.008) (W oods et al., 2002). The authors postulate that com pensatory 

hyperinsulinaem ia in response to peripheral insulin resistance m ight lower IGFBP-1 

levels (found to be lower in SGA subjects than controls) and thereby improve IGF-1 

bioavailability (W oods et al., 2002). The authors also propose that the ability to 

increase insulin secretion in com pensation for insulin resistance m ay be an important 

determ inant o f  both glucose hom eostasis and continuing growth in short children born 

SGA in the presence o f  a relative GH and IGF-1 resistant state. Furtherm ore, pre

treatm ent height velocity was reported to positively correlate with fmal adult height 

SDS in the study by Van Pareren et al o f  54 GH treated short children born SGA (Van 

Pareren et al., 2003a) and hence this may be an im portant prognostic indicator.

Following one year o f  GH treatm ent increase in IGF-1 levels was not strongly 

associated with im provem ent in height velocity. How ever a clear correlation between 

increased IGF-1 levels and im proved height has been reported in some studies 

involving larger num bers (n =  54-72) (Boguszewski et al., 1996, Van Pareren et al., 

2003a). Boguszew ski et al showed a negative correlation with change in height SDS 

and basal serum IGF-1 concentration, whereas positive correlation was found with 

one year growth response and the 10-day percentage increase in IGF-1 (Boguszewski 

et al., 1996). Using a m ultiple stepwise linear regression analysis, the m odel using 

chronological age at the start o f  G H therapy, the m other's height SDS, and the short 

term percent increase in IGF-I accounted for 42%  o f  the variance in the 1-yr growth 

response. Overall, up to 59% o f  the variability in the 1-yr growth response to GH 

treatm ent could be explained by models using auxological and biochem ical variables 

(Boguszewski et al., 1996). Van Pareren et a l’s study however did not find a
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significant correlation betw een IGF-1 SDS at the start o f  G H  treatm ent or increase in 

IGF-1 SDS with gain in height SDS from start o f  treatm ent until attainm ent o f  final 

adult height (Van Pareren et al., 2003a).

4.3.7 Bone Age

At baseline, bone age w as appropriate or delayed in all 20 patients. There was no 

inappropriate advancem ent in bone age in any patient at baseline or following GH 

treatm ent. This is reassuring and inconsistent with reports from other studies showing 

acceleration o f  bone m aturation (Arends et al., 2003, Sas et al., 1999, de Zegher et al., 

1997a, Chernausek et al., 1996). Even in untreated patients born SGA, bone age m ay 

occasionally advance by more than one year in a single calendar year (Saenger et al., 

2007). In theory inappropriate advancem ent in bone age could signal risk o f  early 

puberty or prem ature attainm ent o f  final adult height which could offset any height 

benefits o f  GH. De Z egher et a l’s study o f  over 100 children treated with various 

regim ens o f  GH found that after 6 years bone age was still delayed by a few m onths in 

all treatm ent groups, even those on high dose (0.067m g/kg.day) GH (de Zegher et al., 

2000). However, it is im portant to note that bone age-based height prediction tables 

based upon norm ally grow ing children may not be applicable to  SGA children. Height 

at age 2 to 5 years appears to be a more reliable predictor o f  final height in short 

children born SGA (de Zegher et al., 2000). Inconsistencies in growth predictions may 

be due to an abnorm al bone aging process in children with persistent short stature 

born SGA (Coutant et al., 1998). Although some studies have shown that acceleration 

o f  bone m aturation is slow er in younger than in prepubertal children (de Zegher et al., 

1997a), due to the sm all num bers in this study, it was not possible to perform analysis 

o f  the effects on bone m aturation according to age o f  the child.
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4.3.8 Dual Energy X-ray Absorptiometry (DXA)

Despite small num bers in this study, significant im provem ents in total lean body m ass 

and total bone m ineral content were seen following one year o f  GH treatm ent 

com pared to baseline. These results are encouraging. By using skinfold thickness 

m easurem ents a study by Sas et al showed that norm alisation o f  BMI was not 

accom panied by overall changes in percentage body fat but rather an increase in 

m uscle mass (Sas et al., 2000). Sim ilarly Leger et al has shown using M RI that after 2 

years o f  GH treatm ent in 14 short prepubertal children born SGA that m uscle mass 

significantly im proved (Leger et al., 1998a). Obtaining a high peak bone m ass early in 

life provides a larger bone reserve later in life (Saggese et al., 1996) w hich would be 

expected to reduce risk for osteoporosis and fractures (Goulding et al., 2000). The 

effects o f  im provem ents in bone mineral density (HMD) with GH is difficult to assess 

over the short term  o f  the study in question, how ever previous studies suggest that 

BM D can significantly increase from subnorm al baseline levels to lie w ithin the 

norm al range after 3 years o f  treatm ent (A rends et al., 2003) and these observations 

are sim ilar to those observed in GH deficient children treated with GH (B oot et al., 

1997, Saggese et al., 1996). The provisional positive findings o f  the effects o f  GH 

treatm ent dem onstrated by DXA in this study suggest that DXA is an exciting new 

method by which to assess im provem ents in body com position in response to 

treatm ent. H ow ever further studies are required to further assess the usefulness o f  this 

tool in the assessm ent o f  children born SGA.
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4 .4 S u m m a r y  o f  s t u d y  l i m i t a t i o n s

This study identified the population o f  children born SGA in the Coom be W om en’s 

Hospital (CW H), one o f  Ireland’s largest maternity hospitals, and evaluated possible 

contributory risk factors. A large cohort o f  over 14,000 babies born over a two year 

period at the CW H was exam ined. The incidence o f  SGA births was determ ined, and 

various characteristics o f  these infants and their m others w ere com pared with those o f 

non-SGA  infants born during the same period. Following exclusions for congenital 

anom alies and syndrom es, 284 SGA infants were identified equal to 2%  o f  the total 

infants (14,366) reviewed. The current standardised birth w eight references curves for 

the UK (Freem an et al., 1995) w ere chosen as the m ost appropriate reference for this 

study cohort as no Irish references are yet available for the new born period. This may 

have influenced under or over detection o f  SGA in the Irish context.

The data relating to the obstetric and neonatal variables on these infants were 

retrospective and obtained from a hospital database. There were difficulties with 

accurate determ ination o f  gestational age as this was based on last m enstrual period 

(LM P) w hich is not alw ays a precise measurement. A ntenatal ultrasound assessm ent 

in addition to  LM P would provide invaluable information in relation to gestational 

age; how ever this was beyond the scope o f  this study. In addition, data on ultrasound 

assessm ents o f  fetal growth velocity may distinguish between pathologically small 

versus constitutionally small for gestational age infants. U nfortunately data was not 

available to assess the possible influence o f  maternal age, previous history o f  SGA 

birth, m aternal weight gain in pregnancy and com plications such as antepartum  

haem orrhage and placenta praevia. In addition, inform ation on use o f  illicit drugs
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during pregnancy such as m arijuana or cocaine which is also associated with lU G R 

(Hatch and Bracken 1986, Zuckerm an 1989, Shiono 1995) was not available.

Although a higher rate o f  adm ission to the Special Care Baby Unit (SCBU ) o f  SGA 

com pared to non-SGA  infants was highlighted, this study did not explore duration o f  

stay in the SCBU, w hich m ay have im portant m orbidity and econom ic im plications. 

M oreover, infants born at gestations < 28 w eeks were not included in the study due to 

the com plex issues related to extrem e prem aturity and the lack o f  standardised 

m ethods for calculating birth weight SD scores for these infants.

This study undertook to evaluate growth and clinical data o f  th is cohort o f  Irish 

children born SGA at ages 4-6 years and to identify those at risk o f  short stature, 

obesity and m etabolic syndrom e. The aim was to trace the 284 children identified 

from the C W H  cohort who had been born SGA and determ ine their progress in term s 

o f  growth and developm ent at ages 4-6 years. The difficulties in tracing these children 

at 4-6 years raised a num ber o f  issues regarding the assessm ent o f  the com plete group, 

as only fifty six (20% ) children who had been born SGA were traced and assessed. 

However no com parison o f  growth at 4-6 years was made with m atched children born 

AGA at the same tim e which may have added m ore im portant inform ation.

Studies have shown that children who were growth restricted in utero or who are 

relatively sm all at birth and show rapid w eight gain in infancy are at greatest risk for 

the developm ent o f  childhood obesity, increased visceral fat and insulin resistance, 

possible early m arkers o f  adult disease risk (Ong, 2006). As data was not available on
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postnatal growth in the children assessed, it was not possible to explore any possible 

associations between rate o f  postnatal catch-up growth and auxology at 4-6 years.

The 15 children (o f 20 eligible children identified) who received G H as part o f  this 

study had excellent grow th responses and analysis o f  data on insulin sensitivity and 

secretion in these children both at baseline and follow ing at least one year o f 

treatm ent has been found to concur with those o f  other studies (Sas et al., 2001, 

Cutfield et al., 2006). N um bers how ever are small and further on-going m onitoring 

and analysis is required in order to draw definite conclusions on the safety and 

efficacy o f  GH treatm ent in these children born SGA. Pooling o f  the Irish data from 

this study w ith that o f  the other centres involved in the m ulti-national NESGAS 

clinical trial should strengthen the observations made. Interesting data is pending on 

the possible role o f  the d3-growth hormone receptor polym orphism  in the degree o f 

response to GH treatm ent in this cohort o f  patients. In addition data on IGFBP-3 

assays taken at the tim e o f  lGF-1 sampling will be analysed in these patients, the 

results o f  which m ay give more inform ation on the role o f  these peptides in growth o f 

children born SGA.
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CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS

5.1 C o n c l u s i o n s

Small for gestational age is an entity which is difficult to determine due to limitations 

associated with accurate estimation o f  gestational age and the reference standards 

available. It is also difficult to compare outcomes due to the variety o f  definitions 

used in the numerous studies o f  outcome. However without doubt, it is an area which 

warrants research due to the numerous obstetric, perinatal, childhood and adult risk 

factors associated with being born small for gestational age. I’his is the first such 

study o f  Irish children born SGA, looking at maternal, obstetric and perinatal 

characteristics, follow-up growth at age 4-6 years, and use o f  growth hormone in 

those with severe short stature. The definition o f  SGA chosen for this study (birth 

weight < -2 SDS for gender and gestation), also agreed by international consensus, 

appears to be the most appropriate given that it represents those infants at the most 

severe end o f  the spectrum o f  fetal growth, and hence those at most risk o f  growth 

failure, short stature and metabolic syndrome. It is also the cut-off  for birth weight at 

which growth hormone treatment is licensed.

'Phis study o f  an Irish cohort o f  children born SGA identified numerous maternal and 

infant factors which would indicate that the cohort analysed had many similarities to 

those o f  other international studies (set in developed countries). As in other studies, 

this study has shown that both socioeconomic and lifestyle factors are associated with 

smaller weight infants. The social gradient in birth weight probably arises as a result 

o f  intergenerational effects, by the accumulation and addition o f  risk over time rather
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than resulting entirely  from exposure to risk within the current pregnancy (Spencer 

and Logan, 2002). In theory, som e o f  these factors m ay be m odifiable. Public health 

cam paigns to decrease m aternal sm oking during, and ideally prior to pregnancy, 

would be expected to reduce SGA births, and im proved nutritional status prior to 

conception m ay also have a beneficial effect (although this w ould be m ore difficult to 

quantify). Sim ilarly, im provem ents in nutrition in childhood and adolescence, which 

optim ise m aternal height, may have small effects on future rates o f  SGA, however 

racial and genetic influences m ay persist. A lthough m anagem ent o f  hypertension 

and/or pre-eclam psia is im portant, the degree to which treatm ent can m odify fetal 

outcom e is debated as good control o f  blood pressure during early pregnancy has not 

been shown to change the incidence o f  fetal growth restriction am ong hypertensive 

wom en (Redm an, 1976). O ther interventions such as low dose aspirin adm inistration 

in patients with abnorm al uterine artery blood flow have been studied and severity o f  

lUGR m ay be decreased (Baschat and Hecher, 2004). H ow ever the detailed appraisal 

o f  other obstetric interventions to improve the fetal condition was beyond the scope o f 

this thesis.

O f these m odifiable factors, the strongest case can be m ade for endeavouring to 

decrease sm oking am ongst pregnant women, given the alarm ingly high rates o f 

wom en sm oking both overall (26% ) and in the SGA group (55% ). O f  equal 

im portance will be efforts to im prove the overall social environm ent in w hich children 

grow up so that protective factors such as maternal education are m ore evenly 

distributed across all social groups and risk factors are reduced in areas o f 

disadvantage. Given the intergenerational effects o f  intrauterine growth retardation.

279



there is a sound rationale for em phasising the nutritional and health status o f  young 

children in general.

SGA is a descriptive term used to  describe a baby who is born sm aller than that 

expected for its gender and gestation. As borne out by this study, the m ajor challenge 

in detection and m anagem ent o f  this entity lies with the definition itse lf  The current 

consensus definition chosen for this study has some limitations; firstly as birth weight 

does not follow  a norm al distribution due to the biologically determ ined limited 

duration o f  pregnancy, and secondly because an absolute cu t-o ff it does not take into 

account other factors such as maternal ethnicity, parity and size w hich play a role in 

the variations in fetal growth. Such factors greatly influence birth w eight for gestation 

and create lim itations for the cu t-o ff definition o f  SGA currently in use. The known 

associations o f  parity, parental ethnicity, maternal height and weight with SGA infants 

highlights the lim itations o f  the cu t-o ff definition used, and why the m anagem ent o f  

fetal growth should not be based solely on estim ated fetal size but rather growth 

velocity (Bernstein and Divon, 1997, Gardosi, 2005, Gardosi, 2006) (Degani, 2001).

In addition correctly establishing whether an infant is ‘true SG A ’ versus 

constitutionally small has profound implications for perinatal outcom e and 

m anagem ent due to higher rates o f  both preterm and operative delivery and perinatal 

com plications (Zhang et al., 2007) (Figueras et al., 2007) (M cCow an et al., 2005).

The concern is to w hat “hidden” fetal growth restricted infants we m ay be missing, 

who are not born SGA according to the definition, but who may be at increased risk o f 

the various neonatal problem s associated with SGA, growth problem s, and also later 

insulin resistance. A lthough there is consensus in m uch o f  the literature on the 

approaches to take, the practical application is another matter. Use o f  custom ized fetal
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growth charts depends on a variety o f  variables m any o f  w hich m ay be open to a 

variety o f  inaccuracies such as m easurem ent o f  maternal height, m aternal w eight 

(depending on when in pregnancy it is measured) and racial assignm ent in cases o f 

m ixed race e tc ...S u ch  discrepancies may expose the m ethod to error and may nullify 

the potential benefits o f  its use. Appropriate training o f  s ta ff  w ould be required and a 

com plete change in procedures already tried and tested in a country w ell-respected for 

its strong tradition o f  m aternity services.

If  part o f  the risk for adult health problem s is determ ined during intrauterine life, how 

can postnatal growth m odify or add to these established risks? Until recently, there 

were no formal m anagem ent guidelines for the child born SGA follow ing discharge 

from the neonatal unit. Often such children are followed for o ther reasons such as a 

history o f  prem aturity but specific guidelines on the m anagem ent o f  the infant born 

SGA in term s o f  optim ising nutrition and growth especially  in the first year have been 

lacking. There has been a tendency to supplem ent the low birth w eight infant with 

high calorie feeds in order to achieve “norm al” weight as quickly as possible. Various 

studies suggest that poor infant growth and excessive w eight gain in childhood are 

associated with increased risk o f  childhood obesity, cardiovascular problem s and 

insulin resistance (V asu and M odi, 2007, Ong, 2006). Is it a question o f  “grow now, 

pay later”? This study identified extrem ely low rates o f  breastfeeding in children born 

SGA (on the background o f  a very low overall average rate) w hich raises immediate 

concerns as to the appropriateness o f  infant nutrition in this vulnerable population. It 

is important that parents are educated on the im portance o f  infant nutrition (ideally 

breastfeeding) and w hilst growth m ust be closely m onitored, infants should not be 

over-fed due to the higher risk o f  m etabolic syndrome in this group.
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One o f  the objectives o f  this study was to assess growth and clinical status in a cohort 

o f  children born SGA, now aged 4-6 years, identified from a large database o f  over 

14,000 births during a tw o period. A lthough the response rate from parents to the 

invitation to attend the D epartm ent o f  Paediatric Endocrinology at The N ational 

C hildren’s H ospital was disappointing, 56 children born SGA were assessed, and the 

m ajority w ere found to have height, weight, and head circum ference within the 

normal range, albeit slightly below average. These results were reassuring as they 

probably reflect appropriate postnatal w eight gain and catch-up growth in the m ajority 

o f  children studied. In the course o f  this study, 5 (9%) children were identified with 

short stature (height SDS < -2), one was diagnosed with coeliac disease and one child 

was found to be overw eight and at risk o f  m etabolic syndrom e. These are children 

who would not have otherw ise been detected. In 3 cases with severe short stature, 

growth horm one treatm ent was indicated and has been com m enced in 2 patients 

already, with the third patient due to com m ence shortly. However, due to poor 

response rates, we do not know if  there are other children from the cohort identified 

who m ay have short stature requiring assessm ent or even treatment. It is conceivable 

that children m ost at risk o f  m etabolic syndrom e in adulthood are the least likely to 

present at this age as they m ay m istakenly appear to be healthy and thriving on a par 

with their peers. W ithout detailed clinical and auxological assessm ent o f  such children 

it is im possible to quantify their risk for future health problems. Therefore tracing 

these children rem ains a m ajor issue.

International consensus now recom m ends that a child born SGA should have length, 

weight, and head circum ference m easured every 3 m onths in the first year, and every 

6 m onths thereafter and that those who remain short by 2 years o f  age should be
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investigated for conditions that lim it growth (Clayton et al., 2007). This seem s to be 

an appropriate screening tool for those children born SGA who m ay have growth 

problem s, w hich should be evident by the age o f  2 years and as it gives tim e for 

appropriate w orkup by a specialist and tim ely treatm ent w ith GH if  indicated. Early 

close follow -up o f  children to age 2 years is preferable to later follow -up at school- 

entry  age, as illustrated by this study where there were difficulties contacting parents.

G row th horm one therapy for short children born SGA has been show n to improve 

both short term  and long-term  height gain, is now licensed and is being increasingly 

used in such children. A lthough long-term s studies are limited, the data to date 

indicate positive effects in term s o f  linear growth, final height attainm ent and 

im provem ents in o ther param eters such as blood pressure, lipid profiles and bone 

density, w ithout reports o f  perm anent insulin resistance or developm ent o f  type 2 

diabetes in treated patients. This study w hich followed 15 children on growth 

horm one, confirm s m any o f  these observations, showing clear short-term  and ongoing 

im provem ents in height and body com position, along with stability in disposition 

index as a result o f  com pensatory increase in insulin secretion. All o f  these findings 

are reassuring for the health o f  these treated children, and for safety o f  GH treatm ent 

in sim ilar children in the future. However, further research on the optim um  dosage, 

efficacy and safety is required especially on the long-term  risk factors for 

cardiovascular disease and type 2 diabetes mellitus.

Studies have shown that SGA is more com m on in preterm  than term  infants however 

this study did not include extrem ely premature infants born at < 28 w eeks gestation. 

The im portant finding is that 40%  o f  those born at a gestation > 28 w eeks had been
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diagnosed w ith fetal growth restriction. This knowledge m ay have had a significant 

im pact on their obstetric and neonatal m anagem ent. In addition, given the risks for 

adverse neonatal outcom e, future studies are required to  im prove accurate antenatal 

detection o f  fetal grow th restriction and to exam ine the im pact o f  lU G R on extrem ely 

premature deliveries and their postnatal course.

The m ajor challenge is adequate detection o f  SGA, follow-up o f  such children and 

detection o f  those w ith persistent growth problem s who m ay benefit from treatm ent 

with GH. To date in Ireland there are no formal guidelines for follow up o f  these 

children and referral to  a Paediatric Endocrinologist m ay depend on their presentation 

to a Paediatrician for other reasons other than the parents’ concerns about their ch ild ’s 

growth. In addition, the small numbers o f  patients recruited to the GH study may 

reflect lack o f  aw areness am ong both parents and physicians o f  the availability o f  

treatm ent and the im portance o f  early referral to specialist centres. It m ay also reflect 

reluctance for treatm ent given the relatively new indication and unknown possible 

long-term side effects.

The results o f  this study highlight the risks associated with SGA and the importance 

o f  follow up. The study provides im portant inform ation on Irish children born SGA in 

relation to pregnancy, perinatal and clinical outcom es including auxological data at 4 

to 6 years o f  age and shows that in most children norm al growth ensues. In addition 

an effective treatm ent is available for those with poor grow th and this study provides 

new im portant data on the use o f  GH in children born SGA in relation to efficacy and 

safety.
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5.2 R e c o m m e n d a t i o n s

C lose follow -up o f  any child born small for gestational age is vita! to ensure early 

detection o f  growth failure, excessive postnatal w eight gain and those at risk o f 

m etabolic syndrom e. This should ideally begin prior to birth with early identification 

o f  fetal grow th restriction to allow  appropriate obstetric m anagem ent and adequate 

preparation for neonatal com plications regardless o f  gestation. A ccurate calculation o f  

gestational age should be established by use o f  date o f  last m enstrual period com bined 

with fetal ultrasonography and any maternal characteristics w hich may be risk factors 

for SGA should prom pt close m onitoring and w here possible, specific charts for 

different com m unities should be em ployed. In addition the m other should be 

counselled on the risks posed to her baby by sm oking, binge-drinking, illicit drug use, 

poor diet and inadequate or excessive weight gain. If  there is a high chance that she 

will deliver an SGA infant, she should be informed about possible perinatal 

com plications.

As current cu t-off definitions for SGA am ongst d ifferent medical specialities are 

heterogeneous, a clear consensus definition needs to be reached across all disciplines 

concerned with the m anagem ent o f  these children both antenatally and after birth. 

This w ould ensure tim ely  detection o f  those most at risk so that optim um  m anagem ent 

and follow -up can ensue. International consensus is required on the use o f  custom ised 

fetal growth curves given the known associations o f  parity, ethnicity, maternal height 

and w eight with SGA. It m ay also facilitate more hom ogeneity across future studies 

o f  m anagem ent and outcom e.
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Public health policy should include the provision o f  inform ation to wom en o f  

reproductive age (and their partners) about the importance o f  avoiding sm oking and 

alcohol consum ption, illicit drug use, a healthy balanced diet and appropriate weight 

gain during (and ideally prior to) pregnancy. In addition parents should be alerted to 

the consequences o f  fetal growth restriction, the im pact it can have on perinatal 

outcom es and long-term  health  o f  their child, together with the im portance o f  ongoing 

health surveillance.

When a child is born SGA, every attem pt should be made to find out if  there are any 

aetiological factors so that recurrence risks can be explored. I f  tw o or m ore severe 

cases o f  unexplained lU G R/SG A  have occurred in the sam e family, referral to a 

m edical geneticist should be considered. As growth outcom es may be different 

depending on w hether an infant is short, light or both, accurate birth auxology should 

be perform ed on all infants regardless o f  birth weight or gestation by trained staff 

(nursing or m edical) -  this should include birth weight, birth length (by infant 

stadiom eter) and head circum ference. In addition breastfeeding should be encouraged 

as much as possible and em phasised as the ideal infant nutrition, ideally from the first 

day o f  life or as soon as enteral feeds are commenced. There has been a tendency to 

supplem ent the low birth w eight infant with high calorie feeds in order to achieve 

“norm al” w eight as quickly as possible. This is thought to put the child at increased 

risk o f  childhood obesity and is no longer thought to be appropriate. However, as 

nutrition is vital for linear growth, brain growth and im mune function, fear o f  

inappropriate postnatal w eight gain and its association with later adult health
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problem s needs to be balanced against the risks o f  suboptim al growth due to poor 

feeding and inadequate caloric intake.

Follow -up o f  any child born SGA should be initiated by the neonatal services and as 

per the international consensus we would recom m end that any child bom  SGA should 

have length, w eight, and head circum ference m easured every 3 m onths in the first 

year, and every 6 m onths thereafter and that those who rem ain short by 2 years o f  age 

should be investigated for conditions that lim it grow th. T his is an appropriate 

screening tool for those children born SGA who m ay have grow th problem s, which 

should be evident by the age o f  2 years and it gives tim e for appropriate workup by a 

specialist and tim ely treatm ent with GH if  indicated. T he im portance o f  attending for 

follow -up should be stressed to all m others at discharge to  ensure maximum 

attendance, and attem pts should be made to trace those who fail to attend any follow- 

up review s so that the m ost vulnerable infants are not missed.

Any child  born SGA in Ireland who has not caught up in grow th by age 2 should be 

referred to a Paediatric Endocrinologist for further m anagem ent. This should include 

detailed auxological assessm ent, m onitoring o f  grow th velocity, parental height 

assessm ent, growth horm one status (by stim ulation testing), bone age and spinal x- 

rays and consideration for growth horm one if indicated. In addition, com m on causes 

o f  growth problem s in the general paediatric population should be excluded, based on 

clinical suspicion, such as Silver Russell syndrome. T urner syndrom e in girls, coeliac 

disease, cardiac anom alies, thyroid dysfunction, im m unological deficiencies and 

scoliosis. Growth horm one should be considered in children with severe short stature 

as a m eans to im prove not only growth, but also appetite, body com position, head
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growth and bone m ineral density and with potential benefits for blood pressure and 

lipid profiles. A ppropriate investigation prior to com m encing treatm ent should 

include IGF-1 and IGFBP-3 levels, oral glucose tolerance testing, H b A lc  and thyroid 

function. Dual energy absorptiom etry should be offered to assess body com position 

and bone m ineral density both before and during treatment.

Prior to com m encing the child on growth hormone treatment, parents should be 

inform ed that supra-physiological doses o f  growth horm one will be used, and o f  the 

theoretical and as yet unsubstantiated risks o f  potentiating a neoplasm , due to 

stim ulation o f  the IGF system . In addition, they should be alerted to the uncertain 

risks o f  insulin resistance and type 2 diabetes in children treated with growth 

horm one. However, they should be reassured by the increasing body o f  evidence 

which points to favourable outcom es in such children, and that the benefits o f  

treatm ent probably outw eigh the risks. In addition, the consequences o f  not treating a 

child should be explored and follow -up m onitoring o f  growth continued regardless o f  

w hether the child is on treatm ent or not. Large longitudinal collaborative studies are 

required to determ ine the long term safety and efficacy o f  GH treatm ent in this group.

Finally, as birth w eight and length references corrected for gender and gestation are 

lacking for the m odern Irish population, we recom m end that funding be provided for a 

large study to develop national references. This will facilitate more accurate detection 

o f  infants born small for gestational age and study trends in birth w eight over time.

288



CHAPTER SIX 

REFERENCES



/•L

—iii

i1,» ̂  •- *



CHAPTER 6 REFERENCES

ABRAMS, B., CARMICHAEL, S. & SELVIN, S. (1995) Factors associated with the 
pattern o f maternal weight gain during pregnancy. Obstet Gynecol, 86, 170-6.

ABRAMS, B. & SELVIN, S. (1995) Maternal weight gain pattern and birth weight. 
Obstet Gynecol, 86, 163-9.

ABUZZAHAB, M. J., SCHNEIDER, A., GODDARD, A., GRIGORESCU, F., 
LAUTIER, C., KELLER, E., KIESS, W., KLAMMT, J., KRATZSCH, J., 
OSGOOD, D., PFAFFLE, R., RAILE, K., SEIDEL, B., SMITH, R. J. & 
CHERNAUSEK, S. D. (2003) IGF-I receptor mutations resulting in 
intrauterine and postnatal growth retardation. N  Engl J  Med, 349, 2211-22.

ACKLAND, F. M., STANHOPE, R., EYRE, C., HAMILL, G., JONES, J. &
PREECE, M. A. (1988) Physiological growth hormone secretion in children 
with short stature and intra-uterine growth retardation. Horm Res, 30, 241-5.

ADAIR, L. S. (2001) Size at birth predicts age at menarche. Pediatrics, 107, E59.
AHMED, S. F„ RUSSELL, S., RASHID, R„ BEATTIE, T. J., MURPHY, A. V.,

RAMAGE, I. J. & MAXWELL, H. (2005) Bone mineral content, corrected for 
height or bone area, measured by DXA is not reduced in children with chronic 
renal disease or in hypoparathyroidism. Pediatr Nephrol, 20, 1466-72.

ALBERRY, M. & SOOTHILL, P. (2007) Management o f  fetal growth restriction. 
Arch Dis Child Fetal Neonatal Ed, 92, F62-7.

ALBERTSSON-WIKLAND, K. (1989) Growth hormone secretion and growth
hormone treatment in children with intrauterine growth retardation. Swedish 
Paediatric Study Group for Growth Hormone Treatment. Acta Paediatr Scand  
Suppl, 349, 35-41; discussion 53-4.

ALBERTSSON-WIKLAND, K. & KARLBERG, J. (1994) Natural growth in
children born small for gestational age with and without catch-up growth. Acta 
Paediatr Suppl, 399, 64-70; discussion 71.

ALBERTSSON-WIKLAND, K. & KARLBERG, J. (1997) Postnatal growth of 
children born small for gestational age. Acta Paediatric Suppl, 423, 193-5.

ALEXANDER, G. R., KOGAN, M. D. & HIMES, J. H. (1999) 1994-1996 U.S.
singleton birth weight percentiles for gestational age by race, Hispanic origin, 
and gender. M atern Child Health J, 3, 225-31.

AMATO, M., KONRAD, D., HUPPI, P. & DONATI, F. (1993) Impact o f prematurity 
and intrauterine growth retardation on neonatal hemorrhagic and ischemic 
brain damage. Eur Neurol, 33, 299-303.

AMERICAN ACADEMY OF PEDIATRICS TASK FORCE ON SUDDEN INFANT 
DEATH SYNDROME (2005) The Changing Concept o f Sudden Infant Death 
Syndrome: Diagnostic Coding Shifts, Controversies Regarding the Sleeping 
Environment, and New Variables to Consider in Reducing Risk. Pediatrics,
116, 1245-1255.

ANANTH, C. V., DEMISSIE, K., KRAMER, M. S. & VINTZILEOS, A. M. (2003) 
Smali-for-gestational-age births among black and white women: temporal 
trends in the United States. Am J  Public Health, 93, 577-9.

ANDERSON, J., VISKOCHIL, D., O'GORMAN, M. & GONZALES, C. (2002)
Gastrointestinal complications o f Russell-Silver syndrome: a pilot study. Am J  
M ed Genet, 113, 15-9.

289



ANDERSON, J. W., JOHNSTONE, B. M. & REMLEY, D. T. (1999) Breast-feeding 
and cognitive development; a meta-analysis. Am J  Clin Nutr, 70, 525-35.

ANTONIADES, L., MACGREGOR, A. L, ANDREW, T. & SPECTOR, T. D. (2003) 
Association o f  birth weight with osteoporosis and osteoarthritis in adult twins. 
Rheumatology (Oxford), 42, 791-6.

ARBUCKLE, T. E., WILKINS, R. & SHERMAN, G. J. (1993) Birth weight 
percentiles by gestational age in Canada. Obstet Gynecol, 81, 39-48.

ARENDS, N., JOHNSTON, L., HOKKEN-KOELEGA, A., VAN DUIJN, C., DE
RIDDER, M., SAVAGE, M. & CLARK, A. (2002) Polymorphism in the IGF- 
I gene: clinical relevance for short children born small for gestational age 
(SGA). J  Clin Endocrinol Metab, 87, 2720.

ARENDS, N. J., BOONSTRA, V. H., DUIVENVOORDEN, H. J., HOFMAN, P. L., 
CUTFIELD, W. S. & HOKKEN-KOELEGA, A. C. (2005) Reduced insulin 
sensitivity and the presence o f cardiovascular risk factors in short prepubertal 
children born small for gestational age (SGA). Clin Endocrinol (Oxj), 62, 44- 
50.

ARENDS, N. J., BOONSTRA, V. H. & HOKKEN-KOELEGA, A. C. (2004) Head 
circumference and body proportions before and during growth hormone 
treatment in short children who were born small for gestational age.
Pediatrics, 114,683-90.

ARENDS, N. J., BOONSTRA, V. H., MULDER, P. G., ODINK, R. J., STOKVIS- 
BRANTSMA, W. H., RONGEN-WESTERLAKEN, C., MULDER, J. C., 
DELEMARRE-VAN DE WAAL, H„ REESER, H. M„ JANSEN, M., 
WAELKENS, J. J. & HOKKEN-KOELEGA, A. C. (2003) GH treatment and 
its effect on bone mineral density, bone maturation and growth in short 
children born small for gestational age: 3-year results o f a randomized, 
controlled GH trial. Clin Endocrinol (OxJ), 59, 779-87.

ARGENTE, J., GRACIA, R., IBANEZ, L., OLIVER, A., BORRAJO, E., VELA, A., 
LOPEZ-SIGUERO, J. P., MORENO, M. L. & RODRIGUEZ-HIERRO, F. 
(2007) Improvement in growth after two years o f growth hormone therapy in 
very young children born small for gestational age and without spontaneous 
catch-up growth: Results of a multi-center, controlled, randomized, open 
clinical trial. J  Clin Endocrinol Metab.

ARMSON, B. A., O’CONNELL, C., PERSAD, V., JOSEPH, K. S., YOUNG, D. C. & 
BASKETT, T. F. (2006) Determinants of perinatal mortality and serious 
neonatal morbidity in the second twin. Obstet Gynecol, 108, 556-64.

ASTLEY, S. J. & CLARREN, S. K. (2000) Diagnosing the full spectrum o f  fetal
alcohol-exposed individuals: introducing the 4-digit diagnostic code. Alcohol 
Alcohol, 35, 400-10.

AUCOTT, S. W., DONOHUE, P. K. & NORTHINGTON, F. J. (2004) Increased
morbidity in severe early intrauterine growth restriction. JPerinatol, 24, 435- 
40.

AZCONA, C., ALBANESE, A., BAREILLE, P. & STANHOPE, R. (1998) Growth 
hormone treatment in growth hormone-sufficient and -insufficient children 
with intrauterine growth retardation/Russell-Silver syndrome. Horm Res, 50, 
22-7.

AZCONA, C. & STANHOPE, R. (1999) Absence o f catch-down growth in Russell- 
Silver syndrome after short-term growth hormone treatment. Horm Res, 51, 
47-9.

290



AZCONA, C. & STANHOPE, R. (2005) Hypoglycaemia and Russell-Silver 
syndrome. J  Pediatr Endocrinol Metab, 18, 663-70.

BABSON, S. G. (1970) Growth o f  low-birth-weight infants. J  Pediatr, 77, 11-8.
BAI, J., WONG, F. W., BAUMAN, A. & MOHSIN, M. (2002) Parity and pregnancy 

outcomes. Am J  Obstet Gynecol, 186, 274-8.
BAIRD, D. (1980) Environment and reproduction. B r J  Obstet Gynaecol, 87, 1057- 

67.
BANNINK, E. M., VAN PAREREN, Y. K., THEUNISSEN, N. C., RAAT, H., 

MULDER, P. G. & HOKKEN-KOELEGA, A. C. (2005) Quality o f life in 
adolescents born small for gestational age: does growth hormone make a 
d\^^erQnc.Q^ Harm Res, 64, 166-74.

BARKER, D. J. (1994) Outcome o f low birthweight. Horm Res, 42, 223-30.
BARKER, D. J. (1995) Fetal origins of coronary heart disease. Bmj, 311, 171-4.
BARKER, D. J. (2004a) The developmental origins o f adult disease. J  Am Coll Nutr, 

23, 588S-595S.
BARKER, D. J. (2005) The developmental origins o f insulin resistance. Horm Res, 64 

S upp l3, 2-7.
BARKER, D. J., BULL, A. R., OSMOND, C. & SIMMONDS, S. J. (1990) Fetal and 

placental size and risk o f hypertension in adult life. Bmj, 301, 259-62.
BARKER, D. J., GODFREY, K.M., (2004b) Maternal Nutrition, Fetal Programming 

and Adult Chronic Disease. In Gibney MJ, Margetts BM, Kearnery J M a n d  
Arab L (Editors). Public Health Nutrition. Oxford, UK: Blackwell Publishing.

BARKER, D. J., OSMOND, C., FORSEN, T. J., KAJANTIE, E. & ERIKSSON, J. G. 
(2005) Trajectories o f growth among children who have coronary events as 
adults. N E n g l J M e d  353, 1802-9.

BARKER, D. J., WINTER, P. D., OSMOND, C., MARGETTS, B. & SIMMONDS,
S. J. (1989) Weight in infancy and death from ischaemic heart disease. Lancet, 
2, 577-80.

BARKER, M., ROBINSON, S., OSMOND, C. & BARKER, D. J. (1997) Birth
weight and body fat distribution in adolescent girls. Arch Dis Child, 77, 381-3.

BASCHAT, A. A. & HECHER, K. (2004) Fetal growth restriction due to placental 
disease. Semin Perinatol, 28, 67-80.

BASERGA, M. C. & SOLA, A. (2004) Intrauterine growth restriction impacts
tolerance to total parenteral nutrition in extremely low birth weight infants. J  
Perinatol, 24,476-81.

BATTAGLIA, F. C. & LUBCHENCO, L. O. (1967) A practical classification of 
newborn infants by weight and gestational age. J  Pediatr, 71, 159-63.

BENNETT, T., BRAVEMAN, P., EGERTER, S. & KIELY, J. L. (1994) Maternal 
marital status as a risk factor for infant mortality. Fam Plann Perspect, 26, 
252-6, 271.

BERNSTEIN, I. M., HORBAR, J. D., BADGER, G. J., OHLSSON, A. & GOLAN,
A. (2000) Morbidity and mortality among very-low-birth-weight neonates 
with intrauterine growth restriction. The Vermont Oxford Network. Am J  
Obstet Gynecol, 182, 198-206.

BERNSTEIN, P. S. & DIVON, M. Y. (1997) Etiologies o f fetal growth restriction.
Clin Obstet Gynecol, 40, 723-9.

BINDER, G., BAUR, F., SCHWEIZER, R. & RANKE, M. B. (2006) The d3-growth 
hormone (GH) receptor polymorphism is associated with increased 
responsiveness to GH in Turner syndrome and short small-for-gestational-age 
children. J  Clin Endocrinol Metab, 91, 659-64.

291



BLICKSTEIN, I., GOLDMAN, R. D. & MAZKERETH, R. (2000) Adaptive growth 
restriction as a pattern o f birth weight discordance in twin gestations. Obstet 
Gynecol, 96, 986-90.

BLICKSTEIN, I., SHOHAM-SCHWARTZ, Z. & LANCET, M. (1988) Growth
discordancy in appropriate for gestational age, term twins. Obstet Gynecol, 72, 
582-4.

BLIEK, J., TERHAL, P., VAN DEN BOGAARD, M. J., MAAS, S., HAMEL, B., 
SALIEB-BEUGELAAR, G., SIMON, M., LETTEBOER, T., VAN DER 
SMAGT, J., KROES, H. & MANNENS, M. (2006) Hypomethylation o f the 
H19 gene causes not only Silver-Russell syndrome (SRS) but also isolated 
asymmetry or an SRS-like phenotype. Am J  Hum Genet, 78, 604-14.

BO, S., CAVALLO-PERIN, P., SCAGLIONE, L., CICCONE, G. & PAGANO, G. 
(2000) Low birthweight and metabolic abnormalities in twins with increased 
susceptibility to Type 2 diabetes mellitus. Diabet Med, 17, 365-70.

BOGUSZEWSKI, M., ALBERTSSON-WIKLAND, K., ARONSSON, S.,
GUSTAFSSON, J., HAGENAS, L., WESTGREN, U., WESTPHAL, O., 
LIPSANEN-NYMAN, M., SIPILA, I., GELLERT, P., MULLER, J. & 
MADSEN, B. (1998) Growth hormone treatment o f  short children born small- 
for-gestational-age: the Nordic Multicentre Trial. Acta Paediatr, 87, 257-63.

BOGUSZEWSKI, M., JANSSON, C., ROSBERG, S. & ALBERTSSON-WIKLAND, 
K. (1996) Changes in serum insulin-like growth factor I (lGF-1) and IGF- 
binding protein-3 levels during growth hormone treatment in prepubertal short 
children born small for gestational age. J C /w  Endocrinol Metab, 81, 3902-8.

BOGUSZEWSKI, M., ROSBERG, S. & ALBERTSSON-WIKLAND, K. (1995) 
Spontaneous 24-hour growth hormone profiles in prepubertal small for 
gestational age children. 7  C/m Endocrinol Metab, 80, 2599-606.

BONAPACE, G., CONCOLINO, D„ FORMICOLA, S. & STRISCIUGLIO, P.
(2003) A novel mutation in a patient with insulin-like growth factor 1 (IG Fl) 
deficiency. J  M ed Genet, 40, 913-7.

BOONSTRA, V. H., ARENDS, N. J., STIJNEN, T., BLUM, W. F., AKKERMAN,
O. & HOKKEN-KOELEGA, A. C. (2006) Food intake o f children with short 
stature born small for gestational age before and during a randomized GH trial. 
Horm Res, 65, 23-30.

BOONSTRA, V. H., MULDER, P. G., DE JONG, F. H. & HOKKEN-KOELEGA, A. 
C. (2004) Serum dehydroepiandrosterone sulfate levels and pubarche in short 
children born small for gestational age before and during growth hormone 
treatment. J  C//>7 Endocrinol Metab, 89, 712-7.

BOOT, A. M., ENGELS, M. A., BOERMA, G. J., KRENNING, E. P. & DE
MUINCK KEIZER-SCHRAMA, S. M. (1997) Changes in bone mineral 
density, body composition, and lipid metabolism during growth hormone 
(GH) treatment in children with GH deficiency. J C //«  Endocrinol Metab, 82, 
2423-8.

BOZZOLA, E., LAURIOLA, S., MESSINA, M. F., BONA, G., WASNIEWSKA, M„ 
BOZZOLA, M. & TATO, L. (2005) The risk o f diabetes mellitus in children 
born small for gestational age and treated with recombinant growth hormone.
JP edia tr Endocrinol Metab, 18, 63-7.

BRACEWELL, M. A., HENNESSY, E. M., WOLKE, D. & MARLOW, N. (2007)
The EPICure study: Growth and blood pressure at 6 years o f age following 
extremely preterm birth. Arch Dis Child Fetal Neonatal Ed.

292



BROWN, J. E. & SCHLOESSER, P. T. (1990) Prepregnancy weight status, prenatal 
weight gain, and the outcome of term twin gestations. Am J  Obstet Gynecol, 
162, 182-6.

BUKOWSKI, R., GAHN, D., DENNING, J. & SAADE, G. (2001) Impairment of
growth in fetuses destined to deliver preterm. Am J  Obstet Gynecol, 185, 463- 
7.

BUKOWSKI, R., SMITH, G. C., MALONE, F. D., BALL, R. H., NYBERG, D. A., 
COMSTOCK, C. H., HANKINS, G. D., BERKOWITZ, R. L„ GROSS, S. J., 
DUGOFF, L., CRAIGO, S. D., TIMOR-TRITSCH, I. E., CARR, S. R., 
WOLFE, H. M. & D'ALTON, M. E. (2007) Fetal growth in early pregnancy 
and risk o f delivering low birth weight infant; prospective cohort study. Bmj, 
334, 836.

CAMERON, N. (1978) The methods o f auxological anthropometry.
CAMERON, N., PETTIFOR, J., DE WET, T. & NORRIS, S. (2003) The relationship 

o f rapid weight gain in infancy to obesity and skeletal maturity in childhood. 
Obes Res, 11,457-60.

CAREL, J. (2006) Management o f  short stature with GnRH agonist and co-treatment 
with growth hormone: a controversial issue. M ol Cell Endocrinol, 254-255, 
226-233.

CARRASCOSA, A., ESTEBAN, C., ESPADERO, R., FERNANDEZ-CANCIO, M., 
ANDALUZ, P., CLEMENTE, M„ AUDI, L., WOLLMANN, H., 
FRYKLUND, L. & PARODI, L. (2006) The d3/n-growth hormone (GH) 
receptor polymorphism does not influence the effect o f GH treatment (66 
microg/kg per day) or the spontaneous growth in short non-GH-deficient 
small-for-gestational-age children: results from a two-year controlled 
prospective study in 170 Spanish patients. 7  C//« Endocrinol Metab, 91, 3281- 
6 .

CARTER, R. C., JACOBSON, S. W., MOLTENO, C. D. & JACOBSON, J. L. (2007) 
Fetal alcohol exposure, iron-deficiency anemia, and infant growth. Pediatrics, 
120,559-67.

CATALANO, P. M., KIRWAN, J. P., HAUGEL-DE MOUZON, S. & KING, J.
(2003) Gestational diabetes and insulin resistance: role in short- and long-term 
implications for mother and fetus. JA^w/r, 133, 1674S-1683S.

CAUFRIEZ, A., FRANKENNE, F., HENNEN, G. & COPINSCHI, G. (1993)
Regulation o f maternal IGF-I by placental GH in normal and abnormal human 
pregnancies. Am J  Physiol, 265, E572-7.

CEDERGREN, M. I. (2007) Optimal gestational weight gain for body mass index 
categories. Obstet Gynecol, 110, 759-64.

CENTRAL STATISTICS OFFICE (2001)
http://www.cso.ie/releasespublications/documents/vitalstats/200l/births.pdf.

CENTRAL STATISTICS OFFICE (2003) Prevalence o f cigarette smoking by sex 
and age.
http://www.cso.ie/releasespublications/documents/other releases/2003/health. 
p d f, 8.

CENTRAL STATISTICS OFFICE (2004)
http://\vww.cso.ie/releasespublications/documents/vitalstats/2004/chapter2 20 
04.pdf.

CENTRAL STATISTICS OFFICE (2007a)
http://v\'ww.cso.ie/releasespublications/documents/eu silc/current/intergenpov. 
pd f

293



CENTRAL STATISTICS OFFICE (2007b)
http://\\'ww.cso.ie/releasespublications/dociiments/eu silc/Timeseries/Table%
208.xls.

CENTRAL STATISTICS OFFICE (2007c)
http://www.cso.ie/releasespublications/documents/eu silc/Timeseries/Table% 
20 l2 .x ls.

CHANG, G., GOETZ, M. A., WILKINS-HAUG, L. & BERMAN, S. (1999) Prenatal 
alcohol consumption. Self versus collateral report. J  Subst Abuse Treat, 17, 
85-9.

CHARD, T ,  COSTELOE, K. & LEAF, A. (1992) Evidence o f growth retardation in 
neonates o f apparently normal weight. Eur J  Obstet Gynecol Reprod Biol, 45, 
59-62.

CHATELAIN, P. G., NICOLINO, M., CLARIS, O., SALLE, B. & CHAUSSAIN, J. 
(1998) Multiple hormone resistance in short children born with intrauterine 
growth retardation? Horm Res, 49 Suppl 2, 20-2.

CHAUHAN, S. P., TAYLOR, M„ SHIELDS, D., PARKER, D., SCARDO, J. A. & 
MAGANN, E. F. (2007) Intrauterine growth restriction and oligohydramnios 
among high-risk patients. Am JPerinatol, 24, 215-21.

CHERNAUSEK, S. D., BREEN, T. J. & FRANK, G. R. (1996) Linear growth in
response to growth hormone treatment in children with short stature associated 
with intrauterine growth retardation: the National Cooperative Growth Study 
experience. J  Pediatr, 128, S22-1.

CHRISTOFORIDIS, A., MANIADAKl, I, STANHOPE R, (2005) Russell-Silver
syndrome as an indication for growth hormone therapy. International Growth 
Monitor, 15,2-6.

CIANFARANI, S., GERMANI, D. & BRANCA, F. (1999) Low birthweight and 
adult insulin resistance: the "catch-up growth" hypothesis. Arch Dis Child 
Fetal Neonatal Ed, 81, F71 -3.

CIANFARANI, S., GERMANI, D., ROSSI, P., ROSSI, L„ GERMANI, A.,
OSSICINI, C., ZUPPA, A., ARGIRO, G., HOLLY, J. M. & BRANCA, F. 
(1998) Intrauterine growth retardation; evidence for the activation o f the 
insulin-like growth factor (IGF)-related growth-promoting machinery and the 
presence o f a cation-independent IGF binding protein-3 proteolytic activity by 
two months o f life. Pediatr Res, 44, 374-80.

CIANFARANI, S., MAIORANA, A., GEREMIA, C., SCIRE, G., SPADONI, G. L.
& GERMANI, D. (2003) Blood glucose concentrations are reduced in children 
born small for gestational age (SGA), and thyroid-stimulating hormone levels 
are increased in SGA with blunted postnatal catch-up growth. J  Clin 
Endocrinol Metab, 88, 2699-705.

CLAYTON, P. E., CIANFARANI, S., CZERNICHOW, P., JOHANNSSON, G.,
RAPAPORT, R. & ROGOL, A. (2007) Management o f the Child Born Small 
for Gestational Age Child (SGA) through to Adulthood: A Consensus 
Statement o f the International Societies o f Paediatric Endocrinology and the 
Growth Hormone Research Society. J  Clin Endocrinol Metab.

CLIVER, S. P., GOLDENBERG, R. L., CUTTER, G. R„ HOFFMAN, H. J., DAVIS, 
R. O. & NELSON, K. G. (1995) The effect o f cigarette smoking on neonatal 
anthropometric measurements. Obstet Gynecol, 85, 625-30.

CNATTINGIUS, S., HAGLUND, B. & KRAMER, M. S. (1998) Differences in late 
fetal death rates in association with determinants o f small for gestational age 
fetuses: population based cohort study. Bmj, 316, 1483-7.

294



COHEN, P., CLEMMONS, D. R. & ROSENFELD, R. G. (2000) Does the GH-IGF 
axis play a role in cancer pathogenesis? Growth Horm IG F Res, 10, 297-305.

COLE, T. J. (1990) The LMS method for constructing normalized growth standards. 
Eur J  Clin Nutr, 44, 45-60.

COLE, T. J., FREEMAN, J. V. & PREECE, M. A. (1995) Body mass index reference 
curves for the UK, 1990. J rch  Dis Child, 73, 25-9.

COLLE, E., SCHIFF, D., ANDREW, G., BAUER, C. B. & FITZHARDINGE, P.
(1976) Insulin responses during catch-up growth o f  infants who were small for 
gestational age. Pediatrics, 57, 363-71.

COLLINS, J. W., JR. & DAVID, R. J. (1990) The differential effect o f traditional risk 
factors on infant birthweight among blacks and whites in Chicago. Am J  
Public Health, 80, 679-81.

COOKE, R. W. (2007) Conventional birth weight standards obscure fetal growth
restriction in preterm infants. Arch Dis Child Fetal Neonatal Ed, 92, FI 89-92.

COOKE, R. W. & FOULDER-HUGHES, L. (2003) Growth impairment in the very 
preterm and cognitive and motor performance at 7 years. Arch Dis Child, 88, 
482-7.

COOMBE WOMEN'S HOSPITAL (2000) Annual Report.
COOPER, C., CAWLEY, M., BHALLA, A., EGGER, P., RING, F., MORTON, L. & 

BARKER, D. (1995) Childhood growth, physical activity, and peak bone mass 
in women. J  Bone M iner Res, 10, 940-7.

COOPER, C„ FALL, C., EGGER, P., HOBBS, R., EASTELL, R. & BARKER, D.
(1997) Growth in infancy and bone mass in later life. Ann Rheum Dis, 56, 17- 
2 1 .

COUTANT, R., CAREL, J. C„ LETRAIT, M., BOUVATTIER, C., CHATELAIN,
P., COSTE, J. & CHAUSSAIN, J. L. (1998) Short stature associated with 
intrauterine growth retardation: final height o f untreated and growth hormone- 
treated ch Wdren. J  Clin Endocrinol Metab, 83, 1070-4.

CRABTREE, N. J., KIBIRIGE, M. S., FORDHAM, J. N., BANKS, L. M.,
MUNTONI, F., CHINN, D„ BOIVIN, C. M. & SHAW, N. J. (2004) The 
relationship between lean body mass and bone mineral content in paediatric 
health and disease. Bone, 35, 965-72.

CROWLEY, P. A. (1995) Antenatal corticosteroid therapy: a meta-analysis o f the 
randomized trials, 1972 to \994. Am J  Obstet Gynecol, 173, 322-35.

CUTFIELD, W. S., HOFMAN, P. L., VICKERS, M., BREIER, B., BLUM, W. F. & 
ROBINSON, E. M. (2002) IGFs and binding proteins in short children with 
intrauterine growth retardation. J C /w  Endocrinol Metab, 87, 235-9.

CUTFIELD, W. S., JACKSON, W. E., JEFFERIES, C„ ROBINSON, E. M.,
BREIER, B. H., RICHARDS, G. E. & HOFMAN, P. L. (2003a) Reduced 
insulin sensitivity during growth hormone therapy for short children born 
small for gestational age. JPediatr, 142, 113-6.

CUTFIELD, W. S., JEFFERIES, C. A., JACKSON, W. E., ROBINSON, E. M. & 
HOFMAN, P. L. (2003b) Evaluation o f HOMA and QUICKI as measures of 
insulin sensitivity in prepubertal children. Pediatr Diabetes, 4, 119-25.

CUTFIELD, W. S., LINDBERG, A., RAPAPORT, R„ WAJNRAJCH, M. P. &
SAENGER, P. (2006) Safety o f growth hormone treatment in children born 
small for gestational age: the US trial and KIGS analysis. Horm Res, 65 Suppl 
3, 153-9.

295



DABELEA, D., HANSON, R. L„ BENNETT, P. H„ ROUMAIN, J., KNOWLER, W. 
C. & PETTITT, D. J. (1998) Increasing prevalence o f Type II diabetes in 
American Indian children. Diabetologia, 41, 904-10.

DAHLGREN, J., BOGUSZEWSKI, M., ROSBERG, S. & ALBERTSSON-
WIKLAND, K. (1998) Adrenal steroid hormones in short children born small 
for gestational age. Clin Endocrinol (Oxf), 49, 353-61.

DAHLGREN, J. & WIKLAND, K. A. (2005) Final height in short children born
small for gestational age treated with growth hormone. Pediatr Res, 57, 216- 
22 .

DAILY, D. K., KILBRIDE, H. W., WHEELER, R. & HASSANEIN, R. (1994)
Growth patterns for infants weighing less than 801 grams at birth to 3 years o f 
age. J  Perinatol, 14,454-60.

DAVID, R. J. & COLLINS, J. W., JR. (1997) Differing birth weight among infants o f 
U.S.-bom blacks, African-born blacks, and U.S.-born whites. N E n g lJM ed , 
337, 1209-14.

DAVIES, P. S., VALLEY, R. & PREECE, M. A. (1988) Adolescent growth and
pubertal progression in the Silver-Russell syndrome. Arch Dis Child, 63, 130- 
5.

DAVIS, S. N., PIATTI, P. M., MONTI, L., MOLLER, N., NG, L. L., COPPACK, S., 
ANTSIFEROV, M., BROWN, M. D. & ALBERTL K. G. (1992) A 
comparison o f four methods for assessing in vivo beta-cell function in normal, 
obese and non-insulin-dependent diabetic man. Diabetes Res, 19, 107-17.

DAY, N. L., JASPERSE, D., RICHARDSON, G., ROBLES, N.,
SAMBAMOORTHI, U., TAYLOR, P., SCHER, M., STOFFER, D. & 
CORNELIUS, M. (1989) Prenatal exposure to alcohol: effect on infant growth 
and morphologic characteristics. Pediatrics, 84, 536-41.

DAY, N. L., RICHARDSON, G., ROBLES, N., SAMBAMOORTHI, U., TAYLOR, 
P., SCHER, M., STOFFER, D„ JASPERSE, D. & CORNELIUS, M. (1990) 
Effect o f  prenatal alcohol exposure on growth and morphology o f offspring at 
8 months o f age. Pediatrics, 85, 748-52.

DAY, N. L., RICHARDSON, G. A., GEVA, D. & ROBLES, N. (1994) Alcohol,
marijuana, and tobacco: effects o f prenatal exposure on offspring growth and 
morphology at age six. Alcohol Clin Exp Res, 18, 786-94.

DE GROOT, L., DE GROOT, C. J. & HOPKINS, B. (1997) An instrument to
measure independent walking: are there differences between preterm and 
fullterm infantsl J  Child Neurol, 12,37-41.

DE JONG, C. L., GARDOSI, J., DEKKER, G. A., COLENBRANDER, G. J. & VAN 
GEIJN, H. P. (1998) Application o f a customised birthweight standard in the 
assessment o f  perinatal outcome in a high risk population. B r J  Obstet 
Gynaecol, 105,531-5.

DE MUINCK KEIZER-SCHRAMA, S. M. (1998) [Consensus 'diagnosis o f short
stature in children.' National Organization for Quality Assurance in Hospitals]. 
Ned Tijdschr Geneeskd, 142, 2519-25.

DE WAAL, W. J., HOKKEN-KOELEGA, A. C., STIJNEN, T., DE MUINCK 
KEIZER-SCHRAMA, S. M. & DROP, S. L. (1994) Endogenous and 
stimulated GH secretion, urinary GH excretion, and plasma IGF-I and IGF-II 
levels in prepubertal children with short stature after intrauterine growth 
retardation. The Dutch Working Group on Growth Hormone. Clin Endocrinol 
(Oxf), 41, 621-30.

296



DE ZEGHER, F„ ALBERTSSON-WIKLAND, K., WOLLMANN, H. A.,
CHATELAIN, P., CHAUSSAIN, J. L., LOFSTROM, A., JONSSON, B. & 
ROSENFELD, R. G. (2000) Growth hormone treatment o f short children born 
small for gestational age; growth responses with continuous and discontinuous 
regimens over 6 years. J  Clin Endocrinol Metab, 85, 2816-21.

DE ZEGHER, F., BUTENANDT, O., CHATELAIN, P., ALBERTSSON-
WIKLAND, K., JONSSON, B., LOFSTROM, A. & CHAUSSAIN, J. L. 
(1997a) Growth hormone treatment of short children born small for gestational 
age: reappraisal o f the rate o f  bone maturation over 2 years and metanalysis o f 
height gain over 4 years. Acta Paediatr Suppl, 423, 207-12.

DE ZEGHER, F., DU CAJU, M. V., HEINRICHS, C., MAES, M., DE SCHEPPER, 
J., CRAEN, M., VANWESER, K„ MALVAUX, P. & ROSENFELD, R. G. 
(1999) Early, discontinuous, high dose growth hormone treatment to 
normalize height and weight o f short children born small for gestational age; 
results over 6 years. J  Clin Endocrinol Metab, 84, 1558-61.

DE ZEGHER, F., FRANCOIS, I., VAN HELVOIRT, M. & VAN DEN BERGHE, G. 
(1997b) Clinical review 89; Small as fetus and short as child; from 
endogenous to exogenous growth hormone. J  Clin Endocrinol Metab, 82, 
2021 - 6 .

DE ZEGHER, F. & HOKKEN-KOELEGA, A. (2005) Growth hormone therapy for 
children bom small for gestational age: height gain is less dose dependent over 
the long term than over the short term. Pediatrics, 115, e458-62.

DE ZEGHER, F., ONG, K., VAN HELVOIRT, M., MOHN, A., WOODS, K. &
DUNGER, D. (2002) High-dose growth hormone (GH) treatment in non-GH- 
deficient children born small for gestational age induces growth responses 
related to pretreatment GH secretion and associated with a reversible decrease 
in insulin sensitivity. J  Clin Endocrinol Metab, 87, 148-51.

DE ZEGHER, F., ONG, K. K., IBANEZ, L. & DUNGER, D. B. (2006) Growth
hormone therapy in short children born small for gestational age. Horm Res,
65 Suppl 3,145-52.

DEGANI, S. (2001) Fetal biometry; clinical, pathological, and technical 
considerations. Obstet Gynecol Surv, 56, 159-67.

DELEMARRE, E. M., ROTTEVEEL, J. & DELEMARRE-VAN DE WAAL, H. A. 
(2007) Metabolic implications ofG H  treatment in small for gestational age.
Eur J  Endocrinol, 157 Suppl 1, S47-50.

DENNISON, E. M., SYDDALL, H. E., SAYER, A. A., GILBODY, H. J. &
COOPER, C. (2005) Birth weight and weight at 1 year are independent 
determinants o f bone mass in the seventh decade; the Hertfordshire cohort 
study. Pediatr Res, 57, 582-6.

DEPARTMENT OF HEALTH AND CHILDREN (2004) Strategic Task Force on 
Alcohol 2nd Report.

DEPARTMENT OF HEALTH, L., UK, (2005) Health Survey for England; Obesity 
among children under 11.

DIETZ, W. H. (2004) Overweight in childhood and adolescence. N  Engl J  Med, 350, 
855-7.

DOCTOR, B. A., O'RIORDAN, M. A., KIRCHNER, H. L., SHAH, D. & HACK, M. 
(2001) Perinatal correlates and neonatal outcomes o f  small for gestational age 
infants born at term gestation. Am J  Obstet Gynecol, 185, 652-9.

297



DOS SANTOS SILVA, I., DE STAVOLA, B.L, MANN, V, KUH, D, HARDY, R, 
WADSWORTH M.E, (2002) Prenatal factors, childhood growth trajectories 
and age at menarche. Int J  Epidemiol, 31, 405-412.

DUNGER, D. B., ONG, K. K. & SANDHU, M. S. (2003) Serum insulin-like growth 
factor-I levels and potential risk o f type 2 diabetes. Horm Res, 60 Suppl 3, 
131-5.

DUNGER, D. B., PETRY, C. J. & ONG, K. K. (2006) Genetic variations and normal 
fetal growth. Horm Res, 65 Suppl 3, 34-40.

DUSICK, A. M., POINDEXTER, B. B., EHRENKRANZ, R. A. & LEMONS, J. A. 
(2003) Growth failure in the preterm infant: can we catch up? Semin Perinatol, 
27,302-10.

EGGERMANN, T., SCHONHERR, N„ MEYER, E., OBERMANN, C., MAVANY, 
M., EGGERMANN, K., RANKE, M. B. & WOLLMANN, H. A. (2006) 
Epigenetic mutations in 11 pi 5 in Silver-Russell syndrome are restricted to the 
telomeric imprinting domain. J  M ed Genet, 43, 615-6.

EHRENKRANZ, R. A. (2007) Estimated fetal weights versus birth weights: should 
the reference intrauterine growth curves based on birth weights be retired? 
Arch Dis Child Fetal Neonatal Ed, 92, F161-2.

EHRENKRANZ, R. A., YOUNES, N., LEMONS, J. A., FANAROFF, A. A.,
DONOVAN, E. F., WRIGHT, L. L., KATSIKIOTIS, V., TYSON, J. E., OH, 
W., SHANKARAN, S., BAUER, C. R„ KORONES, S. B., STOLL, B. J., 
STEVENSON, D. K. & PAPILE, L. A. (1999) Longitudinal growth of 
hospitalized very low birth weight infants. Pediatrics, 104, 280-9.

EKELUND, U., ONG, K., LINNE, Y., NEOVIUS, M., BRAGE, S., DUNGER, D. B„ 
W AREHAM, N. J. & ROSSNER, S. (2006) Upward weight percentile 
crossing in infancy and early childhood independently predicts fat mass in 
young adults: the Stockholm Weight Development Study (SWEDES). Am J  
Clin Nutr, 83, 324-30.

EKELUND, U., ONG, K. K., LINNE, Y., NEOVIUS, M., BRAGE, S., DUNGER, D. 
B., W AREHAM, N. J, & ROSSNER, S. (2007) Association o f weight gain in 
infancy and early childhood with metabolic risk in young adults. J  Clin 
Endocrinol Metab, 92, 98-103.

ELMEN, H., HOGLUND, D, KARLBERG, A, NIKLASSON, A, NILSSON, W 
(1996) Birth weight for gestational age as a health indicator. European 
Journal o f  Public Health, 6, 137-141.

EMANUEL, I., FILAKTI, H., ALBERMAN, E. & EVANS, S. J. (1992)
Intergenerational studies o f human birthweight from the 1958 birth cohort. 1. 
Evidence for a multigenerational effect. B r J  Obstet Gynaecol, 99, 61-1 A.

ERIKSSON, J. G., FORSEN, T., TUOMILEHTO, J., WINTER, P. D., OSMOND, C. 
& BARKER, D. J. (1999) Catch-up growth in childhood and death from 
coronary heart disease: longitudinal study. Bmj, 318, 427-31.

EUROCAT CENTRAL REGISTRY SERVICE OF EPIDEMIOLOGY (1997) ‘15 
Years o f Surveillance o f Congenital Anomalies in Europe 1980-1994'. 
http://w\vw. ihe. he/eurocat/.

FANG, J., MADHAVAN, S. & ALDERMAN, M. H. (1999) Low birth weight: race 
and maternal nativity—impact of community income. Pediatrics, 103, E5.

FENTON, T. R. & SAUVE, R. S. (2007) Using the LMS method to calculate z-scores 
for the Fenton preterm infant growth chart. E u rJ C lin  Nutr.

FIGUERAS, F., FIGUERAS, J., MELER, E., EIXARCH, E., COLL, O.,
GRATACOS, E., GARDOSI, J. & CARBONELL, X. (2007) Customised

298



birthweight standards accurately predict perinatal morbidity. Arch Dis Child 
Fetal Neonatal Ed, 92, F277-80.

FLEISCHER, A., ANYAEGBUNAM, A., GUIDETTI, D., RANDOLPH, G. & 
MERKATZ, L R. (1992) A persistent clinical problem: profile o f  the term 
infant with significant respiratory complications. Ohstet Gynecol, 79, 185-90.

FLIDEL-RIMON, O., BRANSKI, D. & SHINWELL, E. S. (2006) The fear of
necrotizing enterocolitis versus achieving optimal growth in preterm infants— 
an opm\or\. Acta Paediatr, 95, 1341-4.

FORSEN, T., ERIKSSON, J. G., TUOMILEHTO, J., TERAMO, K., OSMOND, C. & 
BARKER, D. J. (1997) Mother's weight in pregnancy and coronary heart 
disease in a cohort o f Finnish men; follow up study. Bmj, 315, 837-40.

FORSLUND, M. & BJERRE, L (1990) Follow-up o f preterm children: IL Growth 
and development at four years o f age. Early Hum Dev, 24, 107-18.

FOWDEN, A. L. (2003) The insulin-like growth factors and feto-placental growth. 
Placenta, 24, 803-12.

FOX, S. H., KOEPSELL, T. D. & DALING, J. R. (1994) Birth weight and smoking 
during pregnancy-effect modification by maternal age. A m  J  Epidemiol, 139, 
1008-15.

FRANCOIS, I. & DE ZEGHER, F. (1997) Adrenarche and fetal growth. Pediatr Res, 
41,440-2.

FREEMAN, J. V., COLE, T. J., CHINN, S., JONES, P. R., WHITE, E. M. &
PREECE, M. A. (1995) Cross sectional stature and weight reference curves 
for the UK, 1990. Arch Dis Child  73, 17-24.

FREEMARK, M. (2006) Regulation of maternal metabolism by pituitary and
placental hormones: roles in fetal development and metabolic programming. 
Horm Res, 65 Suppl 3, 41-9.

FREINKEL, N. (1980) Banting Lecture 1980. O f pregnancy and progeny. Diabetes,
29, 1023-35.

GALE, C. R„ MARTYN, C. N., KELLINGRAY, S., EASTELL, R. & COOPER, C. 
(2001) Intrauterine programming of adult body composition. J  Clin 
Endocrinol Metab, 86, 267-72.

GARDOSI, J. (2005) Fetal growth: towards an international standard. Ultrasound 
Obstet Gynecol, 26, 112-4.

GARDOSI, J. (2006) New definition o f small for gestational age based on fetal 
growth potential. Horm Res, 65 Suppl 3, 15-8.

GARDOSI, J. & FRANCIS, A. (1999) Controlled trial o f fundal height measurement 
plotted on customised antenatal growth charts. B r J  Obstet Gynaecol, 106, 
309-17.

GARDOSI, J., KADY, S. M., MCGEOWN, P., FRANCIS, A. & TONKS, A. (2005) 
Classification o f stillbirth by relevant condition at death (ReCoDe): population 
based cohort study. Bmj, 331, 1113-7.

GARDOSI, J., VANNER, T. & FRANCIS, A. (1997) Gestational age and induction 
o f labour for prolonged pregnancy. B r J  Obstet Gynaecol, 104, 792-7.

GARITE, T. J., CLARK, R. & THORP, J. A. (2004) Intrauterine growth restriction 
increases morbidity and mortality among premature neonates. Am J  Obstet 
Gynecol, 191,481-7.

GARNETT, S., COWELL, C. T., BRADFORD, D., LEE, J., TAO, C.,
PETRAUSKAS, V., FAY, R. & BAUR, L. A. (1999) Effects o f  gender, body 
composition and birth size on IGF-I in 7- and 8-year-old children. Horm Res,
52, 221-9.

299



GELBAYA, T. A. & NARDO, L. G. (2005) Customised fetal growth chart: a 
systematic . J  Obstet Gynaecol, 25, 445-50.

GESTATION NETW ORK (2007) www.gestation.net.
GHIRRI, P., BERNARDINI, M., VUERICH, M., CUTTANO, A. M., COCCOLI, L„ 

MERUSI, I., CIULLI, C., D'ACCAVIO, L., BOTTONE, U. & BOLDRINI, A. 
(2001) Adrenarche, pubertal development, age at menarche and final height of 
full-term, born small for gestational age (SGA) girls. Gynecol Endocrinol, 15, 
91-7.

GIBSON, A. T., CARNEY, S., CAVAZZONI, E. & WALES, J. K. (2000) Neonatal 
and post-natal growth. Horm Res, 53 Suppl 1, 42-9.

GICQUEL, C. & LE BOUC, Y. (2006) Hormonal regulation o f fetal growth. Horm 
Res, 65 Suppl 3, 28-33.

GICQUEL, C., ROSSIGNOL, S., CABROL, S., HOUANG, M., STEUNOU, V.,
BARBU, V., DANTON, P., THIBAUD, N., LE MERRER, M., BURGLEN,
L., BERTRAND, A. M., NETCHINE, I. & LE BOUC, Y. (2005) Epimutation 
o f the telomeric imprinting center region on chromosome 1 l p l5  in Silver- 
Russell syndrome. Nat Genet, 37, 1003-7.

GIUDICE, L. C., DE ZEGHER, P., GARGOSKY, S. E., DSUPIN, B. A., DE LAS 
PUENTES, L., CRYSTAL, R. A., HINTZ, R. L. & ROSENPELD, R. G. 
(1995) Insulin-like growth factors and their binding proteins in the term and 
preterm human fetus and neonate with normal and extremes o f intrauterine 
growth. J  Clin Endocrinol Metab, 80, 1548-55.

GLUCKMAN, P. D. & HANSON, M. A. (2004) Maternal constraint o f fetal growth 
and its consequences. Semin Fetal Neonatal Med, 9, 419-25.

GLUCKMAN, P. D. & HANSON, M. A. (2006) The consequences o f  being born 
small - an adaptive perspective. Horm Res, 65 Suppl 3, 5-14.

GLUCKMAN, P. D. & PINAL, C. S. (2003) Regulation o f fetal growth by the 
somatotrophic axis. 133, 1741S-1746S.

GODFREY, K. M. & BARKER, D. J. (2000) Fetal nutrition and adult disease. Am J  
ClinNutr, 71, 1344S-52S.

GOSDEN, R., TRASLER, J., LUCIFERO, D. & FADDY, M. (2003) Rare congenital 
disorders, imprinted genes, and assisted reproductive technology. Lancet, 361, 
1975-7.

GOULD, J. B., MADAN, A., QIN, C. & CHAVEZ, G. (2003) Perinatal outcomes in 
two dissimilar immigrant populations in the United States: a dual 
epidemiologic paradox. Pediatrics, 111, e676-82.

GOULDING, A., JONES, I. E„ TAYLOR, R. W., MANNING, P. J. & WILLIAMS,
S. M. (2000) More broken bones: a 4-year double cohort study o f  young girls 
with and without distal forearm fractures. J  Bone M iner Res, 15, 2011-8.

GRANT, A. (1997) Elective versus selective caesarean delivery o f  the small baby. 
Cochrane Database Syst Rev, 2.

GREULICH, W. A. P., SI (1959) Radiographic Atlas o f Skeletal Development o f the 
Hand and Wrist.

GRIMBERG, A., KUTIKOV, J. K. & CUCCHIARA, A. J. (2005) Sex differences in 
patients referred for evaluation o f poor growth. JPediatr, 146, 212-6.

GROTE, F. K., OOSTDIJK, W., DE MUINCK KEIZER-SCHRAMA, S. M.,
DEKKER, F. W., VAN DOMMELEN, P., VAN BUUREN, S., LODDER- 
VAN DER KOOIJ, A. M., VERKERK, P. H. & WIT, J. M. (2007) Referral 
patterns o f children with poor growth in primary health care. BM C Public 
Health, 7, 77.

300



GUNNELL, D., MILLER, L. L., ROGERS, L & HOLLY, J. M. (2005) Association of 
insulin-like growth factor I and insulin-like growth factor-binding protein-3 
with intelligence quotient among 8- to 9-year-old children in the Avon 
Longitudinal Study o f Parents and Children. Pediatrics, 116, e681-6.

GUTBROD, T„ WOLKE, D., SOEHNE, B., OHRT, B. & RIEGEL, K. (2000) Effects 
o f  gestation and birth weight on the growth and development o f  very low 
birthweight small for gestational age infants: a matched group comparison. 
Arch Dis Child Fetal Neonatal Ed, 82, F208-14.

HACK, M., BRESLAU, N., WEISSMAN, B., ARAM, D., KLEIN, N. &
BORAWSKI, E. (1991) Effect o f very low birth weight and subnormal head 
size on cognitive abilities at school age. N  E n g lJ  Med, 325, 231-7.

HACK, M., SCHLUCHTER, M., CARTAR, L., RAHMAN, M., CUTTLER, L. & 
BORAWSKI, E. (2003) Growth o f very low birth weight infants to age 20 
years. Pediatrics, 112, e30-8.

HACKETT, G. A., CAMPBELL, S., GAMSU, H., COHEN-OVERBEEK, T. & 
PEARCE, J. M. (1987) Doppler studies in the growth retarded fetus and 
prediction o f neonatal necrotising enterocolitis, haemorrhage, and neonatal 
morbidity. Br M ed J  (Clin Res Ed), 294, 13-6.

HAFFNER, S. M., KENNEDY, E„ GONZALEZ, C., STERN, M. P. & MIETTINEN, 
H. (1996) A prospective analysis o f the HOMA model. The M exico City 
Diabetes Study. Diabetes Care, 19, 1138-41.

HAIG, D. (1996) Altercation o f generations: genetic conflicts o f  pregnancy. A m J  
Reprod Immunol, 35, 226-32.

HALL, D. M. (2000) Growth monitoring. Arch Dis Child, 82, 10-5.
HALL, D. M. & COLE, T. J. (2006) What use is the BMI? Arch Dis Child, 91, 283-6.
HALL, M. H., CHNG, P. K. & MACGILLIVRAY, 1. (1980) Is routine antenatal care 

worth while? Lancet, 2, 78-80.
HALLIDAY, J., OKE, K., BREHENY, S., ALGAR, E. & D, J. A. (2004) Beckwith- 

Wiedemann syndrome and IVF: a case-control study. Am  J  Hum Genet, 75, 
526-8.

HAMILTON, B. H. (2001) Estimating treatment effects in randomized clinical trials 
with non-compliance: the impact o f maternal smoking on birthweight. Health 
Econ, 10, 399-410.

HARDING, J. E. (2001) The nutritional basis o f the fetal origins o f adult disease. In tJ  
Epidemiol, 30, 15-23.

HARTLEY, R. S. & HITTI, J. (2005) Birth order and delivery interval: analysis o f 
twin pair perinatal outcomes. JM atern Fetal Neonatal Med, 17, 375-80.

HARTMANN, K. E., WECHTER, M. E., PAYNE, P., SALISBURY, K., JACKSON, 
R. D. & MELVIN, C. L. (2007) Best practice smoking cessation intervention 
and resource needs o f prenatal care providers. Obstet Gynecol, 110, 765-70.

HATTERSLEY, A. T., BEARDS, F., BALLANTYNE, E., APPLETON, M.,
HARVEY, R. & ELLARD, S. (1998) Mutations in the glucokinase gene o f the 
fetus result in reduced birth weight. Nat Genet, 19, 268-70.

HATTERSLEY, A. T. & TOOKE, J. E. (1999) The fetal insulin hypothesis: an
alternative explanation o f the association o f low birthweight with diabetes and 
vascular disease. Lancet, 353, 1789-92.

HAY, W. W., JR., CATZ, C. S., GRAVE, G. D. & YAFFE, S. J. (1997) Workshop 
summary: fetal growth: its regulation and disorders. Pediatrics, 99, 585-91.

301



HEARD, A. R„ DEKKER, G. A., CHAN, A., JACOBS, D. J„ VREEBURG, S. A. & 
PRIEST, K. R. (2004) Hypertension during pregnancy in South Australia, pari 
1: pregnancy outcomes. Aust N  Z  J  Obstet Gynaecol, 44, 404-9.

HEDIGER, M. L., OVERPECK, M. D., KUCZMARSKI, R. J., MCGLYNN, A.,
MAURER, K. R. & DAVIS, W. W. (1998a) Muscularity and fatness o f  infants 
and young children born small- or large-for-gestational-age. Pediatrics, 102, 
E60.

HEDIGER, M. L., OVERPECK, M. D„ MAURER, K. R., KUCZMARSKI, R. J., 
MCGLYNN, A. & DAVIS, W. W. (1998b) Growth o f infants and young 
children born small or large for gestational age: findings from the Third 
National Health and Nutrition Examination Survey. Arch Pediatr Adolesc 
M ed  152, 1225-31.

HICKEY, R. J., CLELLAND, R. C. & BOWERS, E. J. (1978) Maternal smoking, 
birth weight, infant death, and the self-selection problem. Am J  Obstet 
Gynecol, 131, 805-11.

HILLS, F. A., ENGLISH, J. & CHARD, T. (1996) Circulating levels o f IGF-I and 
IGF-binding protein-1 throughout pregnancy; relation to birthweight and 
maternal weight. J  Endocrinol, 148, 303-9.

HINDMARSH, P. C., GEARY, M. P., RODECK, C. H., KINGDOM, J. C. & COLE, 
T. J. (2002) Intrauterine growth and its relationship to size and shape at birth. 
Pediatr Res, 52, 263-8.

HOFHUIS, W., DE JONGSTE, J. C. & MERKUS, P. J. (2003) Adverse health effects 
o f  prenatal and postnatal tobacco smoke exposure on children. Arch Dis Child, 
88, 1086-90.

HOFMAN, P. L., CUTFIELD, W. S., ROBINSON, E. M., BERGMAN, R. N.,
MENON, R. K., SPERLING, M. A. & GLUCKMAN, P. D. (1997) Insulin 
resistance in short children with intrauterine growth retardation. J  Clin 
Endocrinol Metab, 82, 402-6.

HOFMAN, P. L„ REGAN, F., JACKSON, W. E., JEFFERIES, C., KNIGHT, D. B„ 
ROBINSON, E. M. & CUTFIELD, W. S. (2004) Premature birth and later 
insulin resistance. N  E n g lJ  Med, 351, 2179-86.

HOKKEN-KOELEGA, A., VAN PAREREN, Y. & ARENDS, N. (2005) Effects o f 
growth hormone treatment on cognitive function and head circumference in 
children born small for gestational age. Horm Res, 64 SuppI 3, 95-9.

HOKKEN-KOELEGA, A., VAN PAREREN, Y., ARENDS, N. & BOONSTRA, V. 
(2004) Efficacy and safety o f long-term continuous growth hormone treatment 
o f children born small for gestational age. Horm Res, 62 Suppl 3, 149-54.

HOKKEN-KOELEGA, A. C., DE RIDDER, M. A., LEMMEN, R. J., DEN
HARTOG, H., DE MUINCK KEIZER-SCHRAMA, S. M. & DROP, S. L. 
(1995) Children born small for gestational age: do they catch up? Pediatr Res, 
38, 267-71.

HOLLIER, L. M., MCINTIRE, D. D. & LEVENO, K. J. (1999) Outcome o f twin 
pregnancies according to intrapair birth weight differences. Obstet Gynecol,
94, 1006-10.

H0M A 2 CALCULATOR (2007) http://ww\v. dtu.ox.ac. uk.
HORTA, B. L., VICTORA, C. G„ MENEZES, A. M., HALPERN, R. & BARROS,

F. C. (1997) Low birthweight, preterm births and intrauterine growth 
retardation in relation to maternal smoking. Paediatr Perinat Epidemiol, 11, 
140-51.

302



HOSKER, J. P., MATTHEWS, D. R., RUDENSKI, A. S ,  BURNETT, M. A.,
DARLING, P., BOWN, E. G. & TURNER, R. C. (1985) Continuous infusion 
o f glucose with model assessment: measurement o f insulin resistance and 
beta-cell function in man. Diabetologia, 28, 401-11.

HOWARD, D. L., MARSHALL, S. S., KAUFMAN, J. S. & SAVITZ, D. A. (2006) 
Variations in low birth weight and preterm delivery among blacks in relation 
to ancestry and nativity: New York City, 1998-2002. Pediatrics, 118, el 399- 
405.

HUNTER, W. A., CUNDY, T., RABONE, D., HOFMAN, P. L., HARRIS, M.,
REGAN, F„ ROBINSON, E. & CUTFIELD, W. S. (2004) Insulin sensitivity 
in the offspring o f women with type 1 and type 2 diabetes. Diabetes Care, 27, 
1148-52.

HURTADO, E. K., CLAUSSEN, A. H. & SCOTT, K. G. (1999) Early childhood 
anemia and mild or moderate mental retardation. Am J  Clin Nutr, 69, 115-9.

HUXLEY, R., OWEN, C. G., WHINCUP, P. H., COOK, D. G., COLMAN, S. & 
COLLINS, R. (2004) Birth weight and subsequent cholesterol levels: 
exploration o f the "fetal origins" hypothesis. Jama, 292, 2755-64.

HUXLEY, R. R., SHIELL, A. W. & LAW, C. M. (2000) I'he role o f size at birth and 
postnatal catch-up growth in determining systolic blood pressure: a systematic 
review o f  the literature. J  Hypertens, 18, 815-31.

HWA, V., OH, Y. & ROSENFELD, R. G. (1999) The insulin-like growth factor- 
binding protein (IGFBP) superfamily. Endocr Rev, 20, 761-87.

IBANEZ, L. & DE ZEGHER, F. (2006) Puberty after prenatal growth restraint. Horm 
Res, 65 Suppl 3, 112-5.

IBANEZ, L., POTAU, N., ENRIQUEZ, G. & DE ZEGHER, F. (2000) Reduced 
uterine and ovarian size in adolescent girls born small for gestational age. 
Pediatr Res, 47, 575-7.

IBANEZ, L., POTAU, N., MARCOS, M. V. & DE ZEGHER, F. (1999) Exaggerated 
adrenarche and hyperinsulinism in adolescent girls born small for gestational 
age. J  Clin Endocrinol Metab, 84, 4739-41.

ILIADOU, A., CNATTINGIUS, S. & LICHTENSTEIN, P. (2004) Low birthweight 
and Type 2 diabetes: a study on 11 162 Swedish twins. Int J  Epidemiol, 33, 
948-53; discussion 953-4.

ILLANES, S. & SOOTHILL, P. (2004) Management o f fetal growth restriction. 
Semin Fetal Neonatal Med, 9, 395-401.

INNES, K. E., BYERS, T. E., MARSHALL, J. A., BARON, A., ORLEANS, M. & 
HAMMAN, R. F. (2002) Association o f a woman's own birth weight with 
subsequent risk for gestational diabetes. Jama, 287, 2534-41.

INNES, K. E., BYERS, T. E., MARSHALL, J. A., BARON, A., ORLEANS, M. & 
HAMMAN, R. F. (2003) Association o f a woman's own birth weight with her 
subsequent risk for pregnancy-induced hypertension. Am J  Epidemiol, 158, 
861-70.

INSTITUTE OF ADVERTISING PRACTITIONERS IN IRELAND (2004) NICO - 
Deglamourisation o f smoking. http.V/www. iapi. ie/adfx/cases/cases04/nico.htm.

INSTITUTE OF MEDICINE (1990) Nutrition during pregnancy. National Academy 
Press, Washington (DC).

INTERNATIONAL OBESITY TASK FORCE (2007) 
http://www.iotforg/childhoodobesity.asp.

303



IRISH HEALTH PROMOTION UNIT (2007)
http://www.healthpromotion.ie/topics/obesitv/. 
http://www. healthpromotion. ie/topics/obesity/.

ISPAD (2000) Consensus Guidelines for the Management o f Type 1 Diabetes 
Mellitus in Children and Adolescents. 14.

JACOBSON, J. L. A. J., SW (1994) Prenatal alcohol exposure and neurobehavioural 
development. Alcohol Health and Research World, 18, 30-36.

JACOBSON, S. W., JACOBSON, J. L„ SOKOL, R. J., MARTIER, S. S., ACER, J. 
W. & KAPLAN, M. G. (1991) Maternal recall o f  alcohol, cocaine, and 
marijuana use during pregnancy. Neurotoxicol Teratol, 13, 535-40.

JAIN, S., GOLDE, D. W., BAILEY, R. & GEFFNER, M. E. (1998) Insulin-like 
growth factor-I resistance. Endocr Rev, 19, 625-46.

JAQUET, D., GABORIAU, A., CZERNICHOW, P. & LEVY-MARCHAL, C. (2000) 
Insulin resistance early in adulthood in subjects born with intrauterine growth 
Ktardation. J  Clin Endocrinol Metab, 85, 1401-6.

JARVIS, S., GLINIANAIA, S. V., TORRIOLI, M. G., PLATT, M. J., MICELI, M., 
JOUK, P. S., JOHNSON, A., HUTTON, J., HEMMING, K., HAGBERG, G., 
DOLK, H. & CHALMERS, J. (2003) Cerebral palsy and intrauterine growth 
in single births: European collaborative study. Lancet, 362, 1106-11.

JAYANTHI, S., SEYMOUR, P., PUNTIS, J. W. & STRINGER, M. D. (1998) 
Necrotizing enterocolitis after gastroschisis repair: a preventable 
comp\icat\on7 JP ed ia tr  Surg, 33, 705-7.

JENSEN, D. M., DAMM, P., SORENSEN, B., MOLSTED-PEDERSEN, L., 
WESTERGAARD, J. G., OVESEN, P. & BECK-NIELSEN, H. (2003) 
Pregnancy outcome and prepregnancy body mass index in 2459 glucose- 
tolerant Danish women. Am J  Obstet Gynecol, 189, 239-44.

JENSEN, R. B., VIELWERTH, S., LARSEN, T., GREISEN, G., LEFFERS, H. & 
JUUL, A. (2007a) The presence o f the d3-growth hormone receptor 
polymorphism is negatively associated with fetal growth but positively 
associated with postnatal growth in healthy subjects. 7  C//>? Endocrinol Metab, 
92, 2758-63.

JENSEN, R. B., VIELWERTH, S., LARSEN, T„ GREISEN, G., VELDHUIS, J. & 
JUUL, A. (2007b) Pituitary-gonadal function in adolescent males born 
appropriate or small for gestational age with or without intrauterine growth 
restriction. J  Clin Endocrinol Metab, 92, 1353-7.

JOHNSTON, L. B., CLARK, A. J. & SAVAGE, M. O. (2002) Genetic factors 
contributing to birth weight. Arch Dis Child Fetal Neonatal Ed, 86, F2-3.

JOHNSTON, L. B., DAHLGREN, J., LEGER, J., GELANDER, L., SAVAGE, M. O., 
CZERNICHOW, P., WIKLAND, K. A. & CLARK, A. J. (2003) Association 
between insulin-like growth factor I (IGF-I) polymorphisms, circulating IGF-I, 
and pre- and postnatal growth in two European small for gestational age 
populations. J  Clin Endocrinol Metab, 88, 4805-10.

JOHNSTON, L. B. & SAVAGE, M. O. (2004) Should recombinant human growth
hormone therapy be used in short small for gestational age children? Arch Dis 
Child, 89, 740-4.

JOHNSTONE, F. & INGLIS, L. (1974) Familial trends in low birth weight. B rM edJ, 
3, 659-61.

JOHNSTONE, F. D., LINDSAY, R. S. & STEEL, J. (2006) Type I diabetes and 
pregnancy: trends in birth weight over 40 years at a single clinic. Obstet 
Gynecol, 107, 1297-302.

304



JONES, G., RILEY, M. & DWYER, T. (1999) Maternal smoking during pregnancy, 
growth, and bone mass in prepubertal children. M iner Res, 14, 146-51.

JONES, K. L., ROBINSON, L. K., BAKHIREVA, L. N., MARINTCHEVA, G.,
STOROJEV, V., STRAHOVA, A., SERGEEVSKAYA, S., BUDANTSEVA, 
S., MATTSON, S. N., RILEY, E. P. & CHAMBERS, C. D. (2006) Accuracy 
o f the diagnosis o f physical features o f fetal alcohol syndrome by pediatricians 
after specialized training. Pediatrics, 118, e l 734-8.

JONES, K. L. & SMITH, D. W. (1973) Recognition o f the fetal alcohol syndrome in 
early infancy. Lancet, 2, 999-1001.

JUKIC, A. M., WEINBERG, C. R., WILCOX, A. J., MCCONNAUGHEY, D. R., 
HORNSBY, P. & BAIRD, D. D. (2008) Accuracy o f reporting o f menstrual 
cycle length. Am J  Epidemiol, 167, 25-33.

JUUL, A., BANG, P., HERTEL, N. T., MAIN, K., DALGAARD, P., JORGENSEN, 
K., MULLER, J., HALL, K. & SKAKKEBAEK, N. E. (1994) Serum insulin
like growth factor-I in 1030 healthy children, adolescents, and adults: relation 
to age, sex, stage o f  puberty, testicular size, and body mass index. J  Clin 
Endocrinol Metab, 78, 744-52.

JUUL, A., DALGAARD, P., BLUM, W. F., BANG, P., HALL, K., MICHAELSEN, 
K. F., MULLER, J. & SKAKKEBAEK, N. E. (1995) Serum levels o f insulin- 
like growth factor (IGF)-binding protein-3 (IGFBP-3) in healthy infants, 
children, and adolescents: the relation to lGF-1, IGF-II, IGFBP-1, IGFBP-2, 
age, sex, body mass index, and pubertal maturation. J  Clin Endocrinol Metab, 
80,2534-42.

KALOUSEK, D. K. & DILL, F. J. (1983) Chromosomal mosaicism confined to the 
placenta in human conceptions. Science, 221, 665-7.

KANAGALINGAM, M. G., FOROUHl, N. G., GREER, 1. A. & SATTAR, N. (2005) 
Changes in booking body mass index over a decade: retrospective analysis 
from a Glasgow Maternity Hospital. Bjog, 112, 1431-3.

KARLBERG, J. & ALBERTSSON-WIKLAND, K. (1995) Growth in full-term
small-for-gestational-age infants: from birth to final height. Pediatr Res, 38, 
733-9.

KHOURY, M. J., ERICKSON, J. D., CORDERO, J. F. & MCCARTHY, B. J. (1988) 
Congenital malformations and intrauterine growth retardation: a population 
study. Pediatrics, 82, 83-90.

KINZLER, W. L., ANANTH, C. V. & VINTZILEOS, A. M. (2000) Medical and 
economic effects o f twin gestations. J  Soc Gynecol Investig, 7, 321-7.

KLEINMAN, J. C. & KESSEL, S. S. (1987) Racial differences in low birth weight. 
Trends and risk factors. N  E n g lJ  Med, 317, 749-53.

KNOPS, N. B., SNEEUW, K. C., BRAND, R„ HILLE, E. T., DEN OUDEN, A. L., 
WIT, J. M. & VERLOOVE-VANHORICK, S. P. (2005) Catch-up growth up 
to ten years o f age in children born very preterm or with very low birth weight. 
BM C Pediatr, 5, 26.

KOCHAR, I. S. & HUSSAIN, K. (2006) From hyperinsulinaemic hypoglycaemia to 
ketotic hypoglycaemia: the range o f glucose abnormalities in patients bom 
with intrauterine growth retardation. Eur J  Pediatr.

KRAMER, M. S. (1987) Determinants o f low birth weight: methodological 
assessment and meta-analysis. Bull World Health Organ, 65, 663-737.

KRAMER, M. S. (1998) Socioeconomic determinants o f intrauterine growth 
retardation. Eur J  Clin Nutr, 52 SuppI 1, S29-32; discussion S32-3.

305



KRAMER, M. S. (2000) Invited commentary: association between restricted fetal
growth and adult chronic disease; is it causal? Is it \mporiax\il Am JEpidemiol, 
152, 605-8.

KUPFERMINC, M. J., PERI, H., ZWANG, E., YARON, Y., WOLMAN, 1. & 
ELDOR, A. (2000) High prevalence o f the prothrombin gene mutation in 
women with intrauterine growth retardation, abruptio placentae and second 
trimester loss. Acta Obstet Gynecol Scand, 79, 963-1.

LACKMAN, F., CAPEWELL, V., RICHARDSON, B., DASILVA, O. & GAGNON, 
R. (2001) The risks o f spontaneous preterm delivery and perinatal mortality in 
relation to size at birth according to fetal versus neonatal growth standards. Am  
J  Obstet Gynecol, 184, 946-53.

LAI, K. Y., SKUSE, D., STANHOPE, R. & HINDMARSH, P. (1994) Cognitive
abilities associated with the Silver-Russell syndrome. Arch Dis Child, 71, 490- 
6 .

LAL, M. K., MANKTELOW, B. N., DRAPER, E. S. & FIELD, D. J. (2003) Chronic 
lung disease o f prematurity and intrauterine growth retardation: a population- 
based study. Pediatrics, 111, 483-7.

LAUREN, L., JARVELIN, M. R., ELLIOTT, P., SOVIO, U., SPELLMAN, A., 
MCCARTHY, M., EMMETT, P., ROGERS, I., HARTIKAINEN, A. L., 
POUTA, A., HARDY, R„ WADSWORTH, M., HELMSDAL, G„ OLSEN,
S., BAKOULA, C., LEKEA, V. & MILLWOOD, I. (2003) Relationship 
between birthweight and blood lipid concentrations in later life: evidence from 
the existing literature. Int J  Epidemiol, 32, 862-76.

LAW, C. M. (2002) Significance o f  birth weight for the future. Arch Dis Child Fetal 
Neonatal Ed, 86, F7-8.

LAW, C. M., BARKER, D. J., OSMOND, C., FALL, C. H. & SIMMONDS, S. J. 
(1992) Early growth and abdominal fatness in adult life. J  Epidemiol 
Community Health, 46, 184-6.

LAWTON, F. G., MASON, G. C., KELLY, K. A., RAMSAY, I. N. &
MORE WOOD, G. A. (1988) Poor maternal weight gain between 28 and 32 
weeks gestation may predict small-for-gestational-age infants. B r J  Obstet 
Gynaecol, 95, 884-7.

LAZAR, L., POLLAK, U., KALTER-LEIBOVICI, O., PERTZELAN, A. &
PHILLIP, M. (2003) Pubertal course o f persistently short children born small 
for gestational age (SGA) compared with idiopathic short children born 
appropriate for gestational age (AGA). Eur J  Endocrinol, 149, 425-32.

LEE, J. M., DAVIS, M. M., CLARK, S. J. & KEMPER, A. R. (2007) Threshold o f 
evaluation for short stature in a pediatric endocrine clinic: differences between 
boys versus girls? JP ed ia tr  Endocrinol Metab, 20, 21-6.

LEE, P. A., CHERNAUSEK, S. D., HOKKEN-KOELEGA, A. C. &
CZERNICHOW, P. (2003) International Small for Gestational Age Advisory 
Board consensus development conference statement: management o f short 
children born small for gestational age, April 24-October 1, 2001. Pediatrics, 
111, 1253-61.

LEGER, J., GAREL, C., FJELLESTAD-PAULSEN, A., HASSAN, M. &
CZERNICHOW, P. (1998a) Human growth hormone treatment o f short- 
stature children born small for gestational age: effect on muscle and adipose 
tissue mass during a 3-year treatment period and after 1 year's withdrawal. J  
Clin Endocrinol Metab, 83, 3512-6.

306



LEGER, J„ LEVY-MARCHAL, C., BLOCH, J., PINET, A., CHEVENNE, D., 
PORQUET, D., COLLIN, D. & CZERNICHOW, P. (1997) Reduced final 
height and indications for insulin resistance in 20 year olds born small for 
gestational age: regional cohort study. Bmj, 315, 341-7.

LEGER, J., LIMONI, C„ COLLIN, D. & CZERNICHOW, P. (1998b) Prediction 
factors in the determination o f final height in subjects born small for 
gestational age. Pediatr Res, 43, 808-12.

LEGER, J., NOEL, M., LIMAL, J. M. & CZERNICHOW, P. (1996) Growth factors 
and intrauterine growth retardation. II. Serum growth hormone, insulin-like 
growth factor (IGF) I, and IGF-binding protein 3 levels in children with 
intrauterine growth retardation compared with normal control subjects; 
prospective study from birth to two years o f age. Study Group o f lUGR. 
Pediatr Res, 40, 101-7.

LESTOU, V. S. & KALOUSEK, D. K. (1998) Confined placental mosaicism and 
intrauterine fetal growth. Arch Dis Child Fetal Neonatal Ed, 79, F223-6.

LEY, D., WIDE-SWENSSON, D., LINDROTH, M., SVENNINGSEN, N. &
MARSAL, K. (1997) Respiratory distress syndrome in infants with impaired 
intrauterine growth. Acta Paediatr, 86, 1090-6.

LIEBERMAN, E., RYAN, K. J., MONSON, R. R. & SCHOENBAUM, S. C. (1987) 
Risk factors accounting for racial differences in the rate o f premature birth. N  
E n g lJ M e d  317, 743-8.

LINDQVIST, P. G. & MOLIN, J. (2005) Does antenatal identification o f small-for- 
gestational age fetuses significantly improve their outcome? Ultrasound 
Obstet Gynecol, 25, 258-64.

LINDSAY, R. S., HANSON, R. L., BENNETT, P. H. & KNOWLER, W. C. (2000) 
Secular trends in birth weight, BMI, and diabetes in the offspring o f diabetic 
mothers. Diabetes Care, 23, 1249-54.

LUBCHENCO, L. O., HANSMAN, C. & BOYD, E. (1966) Intrauterine growth in
length and head circumference as estimated from live births at gestational ages 
from 26 to 42 weeks. Pediatrics, 37, 403-8.

LUBCHENCO, L. O., HANSMAN, C., DRESSLER, M. & BOYD, E. (1963)
Intrauterine Growth as Estimated from Liveborn Birth-Weight Data at 24 to 42 
Weeks o f Gestation. Pediatrics, 32, 793-800.

LUCAS, A. & COLE, T. J. (1990) Breast milk and neonatal necrotising enterocolitis. 
Lancet, 336, 1519-23.

LUCAS, A., MORLEY, R., COLE, T. J., LISTER, G. & LEESON-PAYNE, C.
(1992) Breast milk and subsequent intelligence quotient in children born 
preterm. Lancet, 339, 261-4.

LUCAS, P., ARAI, L., BAIRD, J., KLEIJNEN, J., LAW, C. & ROBERTS, H. (2007) 
A systematic review of lay views about infant size and growth. Arch Dis 
Child  92, 120-7.

LUNDGREN, E. M., CNATTINGIUS, H. M., JONSSON, G. B. & TUVEMO, T. H. 
(2001) Linear catch-up growth does not increase the risk o f  elevated blood 
pressure and reduces the risk o f  overweight in males. J  Hypertens, 19, 1533-8.

LUO, Z. C., ALBERTSSON-WIKLAND, K. & KARLBERG, J. (1998) Length and 
body mass index at birth and target height influences on patterns o f postnatal 
growth in children born small for gestational age. Pediatrics, 102, E72.

LYNCH, J. W., KAPLAN, G. A. & SALONEN, J. T. (1997) Why do poor people 
behave poorly? Variation in adult health behaviours and psychosocial

307



characteristics by stages of the socioeconomic lifecourse. Soc Sci Med, 44, 
809-19.

MACMAHON, B., ALPERT, M. & SALBER, E. J. (1965) Infant weight and parental 
smoking habits. Am J  Epidemiol, 82, 247-61.

MAGNUS, P. (1984) Causes of variation in birth weight: a study o f offspring of 
twins. Clin Genet, 25, 15-24.

MAGNUS, P., BAKKETEIG, L. S. & HOFFMAN, H. (1997) Birth weight of 
relatives by maternal tendency to repeat small-for-gestational-age (SGA) 
births in successive pregnancies. Acta Obstet Gynecol ScandSuppl, 165, 35-8.

MAGNUS, P., BERG, K., BJERKEDAL, T. & NANCE, W. E. (1984) Parental 
determinants of birth weight. Clin Genet, 26, 397-405.

MAHONY, R. & O'HERLIHY, C. (2003) Thirty year trends in a large Irish obstetric 
cohort. Ir Med J, 96, 86, 88-9.

MALLOY, M. H. (2007) Size for gestational age at birth: impact on risk for sudden 
infant death and other causes of death, USA 2002. Arch Dis Child Fetal 
Neonatal Ed, 92, F473-8.

MARSAL, K., PERSSON, P. H., LARSEN, T., LILJA, H., SELBING, A. & 
SULTAN, B. (1996) Intrauterine growth curves based on ultrasonically 
estimated foetal weights. Acta Paediatr, 85, 843-8.

MARTIKAINEN, A. M., HEINONEN, K. M. & SAARIKOSKI, S. V. (1989) The 
effect of hypertension in pregnancy on fetal and neonatal condition. Int J  
Gynaecol Obstet, 30, 213-20.

MARTIN, B. C., WARRAM, J. H., KROLEWSKl, A. S., BERGMAN, R. N., 
SOELDNER, J. S. & KAHN, C. R. (1992) Role o f glucose and insulin 
resistance in development of type 2 diabetes mellitus: results of a 25-year 
follow-up study. Lancet, 340, 925-9.

MARTIN, J. A., KOCHANEK, K. D., STROBINO, D. M., GUYER, B. &
MACDORMAN, M. F. (2005) Annual summary of vital statistics—2003. 
Pediatrics, 115,619-34.

MARTIN, R. M., NESS, A. R„ GUNNELL, D., EMMETT, P. & DAVEY SMITH,
G. (2004) Does breast-feeding in infancy lower blood pressure in childhood? 
The Avon Longitudinal Study of Parents and Children (ALSPAC).
Circulation, 109, 1259-66.

MARTYN, C. N., BARKER, D. J. & OSMOND, C. (1996) Mothers' pelvic size, fetal 
growth, and death from stroke and coronary heart disease in men in the UK. 
Lancet, 348, 1264-8.

MATTHEWS, D. R., HOSKER, J. P., RUDENSKl, A. S., NAYLOR, B. A., 
TREACHER, D. F. & TURNER, R. C. (1985) Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting plasma 
glucose and insulin concentrations in man. Diabetologia, 28, 412-9.

MAY, R. (2007) Prepregnancy weight, inappropriate gestational weight gain, and 
smoking: Relationships to birth weight. Am J  Hum Biol, 19, 305-10.

MCCANCE, D. R., PETTITT, D. J., HANSON, R. L„ JACOBSSON, L. T.,
KNOWLER, W. C. & BENNETT, P. H. (1994) Birth weight and non-insulin 
dependent diabetes: thrifty genotype, thrifty phenotype, or surviving small 
baby genotype? Bmj, 308, 942-5.

MCCARTHY, F. P., RIGG, L., CADY, L. & CULLINANE, F. (2007) A new way of 
looking at Caesarean section births. Aust N Z  J  Obstet Gynaecol, 47, 316-20.

MCCORMICK, M. C. (1985) The contribution of low birth weight to infant mortality 
and childhood morbidity. N  Engl J  Med, 312, 82-90.

308



MCCOWAN, L., HARDING, J., BARKER, S. & FORD, C. (1999) Perinatal
predictors o f growth at six months in small for gestational age babies. Early 
Hum Dev, 56, 205-16.

MCCOWAN, L. M., HARDING, J. E. & STEWART, A. W. (2005) Customized
birthweight centiles predict SGA pregnancies with perinatal morbidity. Bjog, 
112, 1026-33.

MCDONALD, A. D., ARMSTRONG, B. G. & SLOAN, M. (1992) Cigarette,
alcohol, and coffee consumption and prematurity. Am J  Public Health, 82, 87- 
90.

MCELVANEY, N. G. (2004) Smoking ban—made in Ireland, for home use and for 
export. N  E n g lJ  Med, 350, 2231-3.

MCGUIRE, W. & ANTHONY, M. Y. (2003) Donor human milk versus formula for 
preventing necrotising enterocolitis in preterm infants: systematic review.
Arch Dis Child Fetal Neonatal Ed, 88, FI 1 -4.

MCINTIRE, D. D., BLOOM, S. L., CASEY, B. M. & LEVENO, K. J. (1999) Birth
weight in relation to morbidity and mortality among newborn infants. N  E n g lJ  
Med, 340, 1234-8.

MEETZE, W„ BOWSHER, R„ COMPTON, J. & MOOREHEAD, H. (1998)
Hyperglycemia in extremely- low-birth-weight infants. Biol Neonate, 74, 214- 
2 1 .

MEYER, M. B. & COMSTOCK, G. W. (1972) Maternal cigarette smoking and 
perinatal moriaWiy. Am J  Epidemiol, 96, 1-10.

MISHELL, D. (2001) Reproductive Endocrinology. In MA Stenchever et a l, eds.. 
Comprehensive Gynecology, St. Louis: Mosby, 4th ed, pp. 103.

MITCHELL, E. A., ROBINSON, E., CLARK, P. M., BECROFT, D. M., GLAVISH, 
N., PATTISON, N. S., PRYOR, J. E., THOMPSON, J. M. & WILD, C. J. 
(2004) Maternal nutritional risk factors for small for gestational age babies in 
a developed country: a case-control study. Arch Dis Child Fetal Neonatal Ed, 
89, F431-5.

MONTEIRO, P. O. & VICTORA, C. G. (2005) Rapid growth in infancy and
childhood and obesity in later life—a systematic review. Obes Rev, 6, 143-54.

MONTEIRO, P. O., VICTORA, C. G., BARROS, F. C. & MONTEIRO, L. M. (2003) 
Birth size, early childhood growth, and adolescent obesity in a Brazilian birth 
cohort. Int J  Obes Relat Me tab Disord, 27, 1274-82.

MOORE, T. & HAIG, D. (1991) Genomic imprinting in mammalian development: a 
parental tug-of-war. Trends Genet, 7, 45-9.

MOREIRA, P., PADEZ, C., MOURAO-CARVALHAL, I. & ROSADO, V. (2007) 
Maternal weight gain during pregnancy and overweight in Portuguese 
children. Int J  Obes (Lond), 31, 608-14.

MORIN, I., MORIN, L„ ZHANG, X., PLATT, R. W., BLONDEL, B., BREART, G„ 
USHER, R. & KRAMER, M. S. (2005) Determinants and consequences of 
discrepancies in menstrual and ultrasonographic gestational age estimates.
Bjog  112, 145-52.

MURPHY, B. P., INDER, T. E., HUPPl, P. S., WARFIELD, S., ZIENTARA, G. P., 
KIKINIS, R., JOLESZ, F. A. & VOLPE, J. J. (2001) Impaired cerebral 
cortical gray matter growth after treatment with dexamethasone for neonatal 
chronic lung disease. Pediatrics, 107, 217-21.

MURPHY, D. J., SELLERS, S., MACKENZIE, I. Z., YUDKIN, P. L. & JOHNSON, 
A. M. (1995) Case-control study o f antenatal and intrapartum risk factors for 
cerebral palsy in very preterm singleton babies. Lancet, 346, 1449-54.

309



MURRIN, C., SEGONDS-PICHON, A., FALLON, U. B., HANNON, F., BURY, G., 
LOFTUS, B. G., MURPHY, A. W , MORRISON, J. J., DALY, S. & 
KELLEHER, C. C. (2007) Self-reported pre-pregnancy maternal body mass 
index and infant birth-weight. IrM ed J , 100, suppl 20-3.

NATIONAL OSTEOPOROSIS SOCIETY (2004) A practical guide to bone 
densitometry in children.

NAYAK, N. R. & GIUDICE, L. C. (2003) Comparative biology o f the IGF system in 
endometrium, decidua, and placenta, and clinical implications for foetal 
growth and implantation disorders. Placenta, 24, 281-96.

NAYLOR, A. F. & MYRIANTHOPOULOS, N. C. (1967) The relation o f ethnic and 
selected socio-economic factors to human birth-weight. Ann Hum Genet, 31, 
71-83.

NEEL, J. V. (1962) Diabetes mellitus: a "thrifty" genotype rendered detrimental by 
"progress"? J  Hum Genet, 14, 353-62.

NEERHOF, M. G. (1995) Causes o f intrauterine growth restriction. Clin Perinatal,
22, 375-85.

NEVILLE, K. A. & WALKER, J. L. (2005) Precocious pubarche is associated with 
SGA, prematurity, weight gain, and obesity. Arch Dis Child, 90, 258-61.

NEWSOME, C. A., SHIELL, A. W., FALL, C. H., PHILLIPS, D. I., SHIER, R. & 
LAW, C. M. (2003) Is birth weight related to later glucose and insulin 
metabolism?—A systematic review. Diabet Med, 20, 339-48.

NHS UK (2003) www.perinatal.nhs.uk/manners.
NIKLASSON, A., ENGSTROM, E., HARD, A. L., WIKLAND, K. A. &

HELLSTROM, A. (2003) Growth in very preterm children: a longitudinal 
study. Pediatr Res, 54, 899-905.

OTARRELL, A., ALL WRIGHT, S., TOOMEY, D., BEDFORD, D. & CONLON, K. 
(2007) Hospital admission for acute pancreatitis in the Irish population, 1997 
2004: could the increase be due to an increase in alcohol-related pancreatitis?
J  Public Health (Oxj), 29, 398-404.

OFFICE FOR TOBACCO CONTROL (2003) Irish Women and Tobacco:
Knowledge, Attitudes and Beliefs - Research Report on Tobacco Use in
Ireland. http://www. otc. ie/uploads/Publications%20-
%o2 0Irish %20 Women%2 0and%20Tohacco %2 Glow %2 Ores %2 Overs ion, pdf.

OFFICE FOR TOBACCO CONTROL (2006) Children, Youth and Tobacco: 
Behaviour, Perceptions and Public Attitudes.

OGILVY-STUART, A. L., HANDS, S. J., ADCOCK, C. J., HOLLY, J. M.,
MATTHEWS, D. R., MOHAMED-ALI, V., YUDKIN, J. S., WILKINSON,
A. R. & DUNGER, D. B. (1998) Insulin, insulin-like growth factor I (lGF-1), 
IGF-binding protein-1, growth hormone, and feeding in the newborn. J  Clin 
Endocrinol Metab, 83, 3550-7.

OKEN, E., TAVERAS, E. M., KLEINMAN, K. P., RICH-EDWARDS, J. W. &
GILLMAN, M. W. (2007) Gestational weight gain and child adiposity at age 3 
years. Am J  Obstet Gynecol, 196, 322 e 1 -8.

OKUBO, Y., SIDDLE, K., FIRTH, H., O'RAHILLY, S., WILSON, L. C., WILLATT, 
L., FUKUSHIMA, T., TAKAHASHI, S., PETRY, C. J., SAUKKONEN, T., 
STANHOPE, R. & DUNGER, D. B. (2003) Cell proliferation activities on 
skin fibroblasts from a short child with absence o f one copy of the type 1 
insulin-like growth factor receptor (IGFIR) gene and a tall child with three 
copies o f the IGFIR gene. J  Clin Endocrinol Metab, 88, 5981-8.

310



OMPAD, D. C., GALEA, S., CAIAFFA, W. T. & VLAHOV, D. (2007) Social
determinants of the health of urban populations: methodologic considerations. 
J  Urban Health, 84,142-53.

ONG, K., KRATZSCH, J., KIESS, W. & DUNGER, D. (2002a) Circulating lGF-1 
levels in childhood are related to both current body composition and early 
postnatal growth rate. J  Clin Endocrinol Metab, 87, 1041-4.

ONG, K. K. (2006) Size at birth, postnatal growth and risk o f obesity. Horm Res, 65 
Suppl 3, 65-9.

ONG, K. K., AHMED, M. L., EMMETT, P. M., PREECE, M. A. & DUNGER, D. B. 
(2000) Association between postnatal catch-up growth and obesity in 
childhood; prospective cohort study. Bmj, 320, 967-71.

ONG, K. K. & DUNGER, D. B. (2004) Birth weight, infant growth and insulin 
resistance. Eur J  Endocrinol, 151 Suppl 3, U131-9.

ONG, K. K., PETRY, C. J., EMMETT, P. M., SANDHU, M. S., KIESS, W., HALES, 
C. N., NESS, A. R. & DUNGER, D. B. (2004a) Insulin sensitivity and 
secretion in normal children related to size at birth, postnatal growth, and 
plasma insulin-like growth factor-I levels. Diabetologia, 47, 1064-70.

ONG, K. K., POTAU, N., PETRY, C. J., JONES, R., NESS, A. R., HONOUR, J. W., 
DE ZEGHER, F„ IBANEZ, L. & DUNGER, D. B. (2004b) Opposing 
influences o f prenatal and postnatal weight gain on adrenarche in normal boys 
and girls. J  Clin Endocrinol Metab, 89, 2647-51.

ONG, K. K., PREECE, M. A., EMMETT, P. M„ AHMED, M. L. & DUNGER, D. B. 
(2002b) Size at birth and early childhood growth in relation to maternal 
smoking, parity and infant breast-feeding; longitudinal birth cohort study and 
analysis. Pediatr Res, 52, 863-7.

OTT, W. J. (1988) The diagnosis of altered fetal growth. Obstet Gynecol Clin North 
Am, 15,237-63.

OTT, W. J. (1993) Intrauterine growth retardation and preterm delivery. Am J  Obstet 
Gynecol, 168, 1710-5; discussion 1715-7.

OUNSTED, M., SCOTT, A. & MOAR, V. A. (1988) Constrained and unconstrained 
fetal growth; associations with some biological and pathological factors. Ann 
Hum Biol 15, 119-29.

PALMER, S. R., THOMAS, S. J., COOKE, R. W., LOW, D. C., FYSH, W. J., 
MURPHY, J. F., GANDY, G. M. & GAMSU, H. R. (1987) Birthweight- 
specific risk factors for necrotising enterocolitis. J  Epidemiol Community 
Health, 41,210-4.

PANETH, N. & SUSSER, M. (1995) Early origin o f coronary heart disease (the 
"Barker hypothesis"). Bmj, 310, 411-2.

PARSONS, T. J., POWER, C. & MANOR, O. (2001) Fetal and early life growth and 
body mass index from birth to early adulthood in 1958 British cohort; 
longitudinal study. Bmj, 323, 1331-5.

PERSSON, B., STANGENBERG, M., LUNELL, N. O., BRODIN, U., HOLMBERG, 
N. G. & VACLAVINKOVA, V. (1986) Prediction of size of infants at birth 
by measurement of symphysis fundus height. Br J  Obstet Gynaecol, 93, 206- 
1 1 .

PERSSON, I., AHLSSON, F., EWALD, U., TUVEMO, T., QINGYUAN, M., VON 
ROSEN, D. &. PROOS, L. (1999) Influence o f perinatal factors on the onset of 
puberty in boys and girls: implications for interpretation of link with risk of 
long term diseases. Am J  Epidemiol, 150, 747-55.

311



PETRY, C. J., ONG, K. K„ BARRATT, B. J., WINGATE, D., CORDELL, H. J„
RING, S. M., PEMBREY, M. E., REIK, W., TODD, J. A. & DUNGER, D. B. 
(2005) Common polymorphism in H19 associated with birthweight and cord 
blood IGF-II levels in humans. BMC Genet, 6, 22.

PHILLIPS, D. I. (2004) Commentary; Twins, low birthweight and type 2 diabetes. Int 
J  Epidemiol, 33, 953-954.

PHILLIPS, D. I., BARKER, D. J., HALES, C. N., HIRST, S. & OSMOND, C.
(1994a) Thinness at birth and insulin resistance in adult life. Diabetologia, 37, 
150-4.

PHILLIPS, D. I., CLARK, P. M., HALES, C. N. & OSMOND, C. (1994b)
Understanding oral glucose tolerance: comparison o f  glucose or insulin 
measurements during the oral glucose tolerance test with specific 
measurements o f insulin resistance and insulin secretion. Diabet Med, 11, 286- 
92.

PHILLIPS, D. I., DAVIES, M. J. & ROBINSON, J. S. (2001) Fetal growth and the
fetal origins hypothesis in twins-problem s and perspectives. Twin Res, 4, 327- 
31.

PLATT, R. W. (2002) The effect o f gestational age errors and their correction in 
interpreting population trends in fetal growth and gestational age-specific 
mortality. Semin Perinatol, 26, 306-11.

POTAU, N., IBANEZ, L., RIQUE, S., SANCHEZ-UFARTE, C. & DE ZEGHER, F. 
(1999) Pronounced adrenarche and precocious pubarche in boys. Horm Res, 
51,238-41.

POULSEN, P., VAAG, A. A., KYVIK, K. O., MOLLER JENSEN, D. & BECK- 
NIELSEN, H. (1997) Low birth weight is associated with NIDDM in 
discordant monozygotic and dizygotic twin pairs. Diabetologia, 40, 439-46.

PRICE, S. M., STANHOPE, R., GARRETT, C„ PREECE, M. A. & TREMBATH, R. 
C. (1999) The spectrum o f Silver-Russell syndrome: a clinical and molecular 
genetic study and new diagnostic criteria. J  M ed Genet, 36, 837-42.

PSYMA INTERNATIONAL (2005) SGA Market Expansion in the EU.
PUNTIS, J. W. (2006) Nutritional support in the premature newborn. Postgrad M edJ, 

82, 192-8.
RAKOVER, Y., DIETSCH, S., AMBLER, G. R., CHOCK, C., THOMSETT, M. & 

COWELL, C. T. (1996) Growth hormone therapy in Silver Russell syndrome:
5 years experience o f the Australian and New Zealand Growth database 
(OZGROW). E urJP edia tr, 155, 851-7.

RANKE, M. B., CUTFIELD, W. S., LINDBERG, A., COWELL, C. T.,
ALBERTSSON-WIKLAND, K., REITER, E. O., WILTON, P. & PRICE, D.
A. (2002) A growth prediction model for short children born small for 
gestational age. JP edia tr Endocrinol Metab, 15 SuppI 5, 1273.

RANKE, M. B., LINDBERG, A., COWELL, C. T., WIKLAND, K. A., REITER, E.
O., WILTON, P. & PRICE, D. A. (2003) Prediction o f response to growth 
hormone treatment in short children born small for gestational age: analysis of 
data from KIGS (Pharmacia International Growth Database). J  Clin 
Endocrinol Metab, 88, 125-31.

RAVELLI, A. C., VAN DER MEULEN, J. H., OSMOND, C., BARKER, D. J. &
BLEKER, O. P. (1999) Obesity at the age o f 50 y in men and women exposed 
to famine prenatally. Am J  Clin Nutr, 70, 811-6.

RAVELLI, G. P., STEIN, Z. A. & SUSSER, M. W. (1976) Obesity in young men 
after famine exposure in utero and early infancy. N  Engl J  Med, 295, 349-53.

312



REDMAN, C. W. (1976) Fetal outcome in trial o f antihypertensive treatment in 
pregnancy. Lancet, 2, 753-6.

REIK, W. & WALTER, J. (2001) Genomic imprinting: parental influence on the 
genome. Nat Rev Genet, 2, 21-32.

REILLY, J. J., ARMSTRONG, J., DOROSTY, A. R., EMMETT, P. M., NESS, A., 
ROGERS, I., STEER, C. & SHERRIFF, A. (2005) Early life risk factors for 
obesity in childhood: cohort study. Bmj, 330, 1357.

RICH-EDWARDS, J. W., BUKA, S. L„ BRENNAN, R. T. & EARLS, F. (2003) 
Diverging associations o f maternal age with low birthweight for black and 
white mothers. Int J  Epidemiol, 32, 83-90.

RICH-EDWARDS, J. W., STAMPFER, M. J., MANSON, J. E., ROSNER, B.,
HANKINSON, S. E., COLDITZ, G. A., WILLETT, W. C. & HENNEKENS, 
C. H. (1997) Birth weight and risk o f cardiovascular disease in a cohort of 
women followed up since 1976. Bmj, 315, 396-400.

RICHARDS, M., HARDY, R., KUH, D. & WADSWORTH, M. E. (2002)
Birthweight, postnatal growth and cognitive function in a national UK birth 
cohort. Int J  Epidemiol, 31, 342-8.

RIJKEN, M„ WIT, J. M., LE CESSIE, S. & VEEN, S. (2006) The effect o f perinatal 
risk factors on growth in very preterm infants at 2 years o f age: The Leiden 
Follow-Up Project on Prematurity. Early Hum Dev.

RIZZA, R. A., MANDARINO, L. J. & GERICH, J. E. (1982) Effects o f  growth
hormone on insulin action in man. Mechanisms o f  insulin resistance, impaired 
suppression o f  glucose production, and impaired stimulation o f  glucose 
utilization. Diabetes, 31, 663-9.

RIZZO, V., TRAGGIAI, C. & STANHOPE, R. (2001) Growth hormone treatment
does not alter lower limb asymmetry in children with Russell-Silver syndrome. 
Horm Res, 56, 114-6.

ROBINSON, S. M., CROZIER, S. R., BORLAND, S. E., HAMMOND, J.,
BARKER, D. J. & INSKIP, H. M. (2004) Impact o f educational attainment on 
the quality o f  young women's diets. E u r J  Clin Nutr, 58, 1174-80.

ROBLES, N. & DAY, N. L. (1990) Recall o f  alcohol consumption during pregnancy. 
J  Stud Alcohol, 51,403-7.

ROCHICCIOLI, P., TAUBER, M., MOISAN, V. & PIENKOWSKI, C. (1989)
Investigation o f growth hormone secretion in patients with intrauterine growth 
retardation. Acta Paediatr ScandSuppl, 349, 42-6; discussion 53-4.

ROMAGNOLI, C., ZECCA, E., LUCIANO, R., TORRIOLI, G. & TORTOROLO, G. 
(2002a) Controlled trial o f early dexamethasone treatment for the prevention 
o f  chronic lung disease in preterm infants: a 3-year follow-up. Pediatrics, 109, 
e85.

ROMAGNOLI, C., ZECCA, E., LUCIANO, R., TORRIOLI, G. & TORTOROLO, G. 
(2002b) A three year follow up o f preterm infants after moderately early 
treatment with dexamethasone. Arch Dis Child Fetal Neonatal Ed, 87, F55-8.

ROQUER, J. M., FIGUERAS, J., BOTET, F. & JIMENEZ, R. (1995) Influence on 
fetal growth o f exposure to tobacco smoke during pregnancy. Acta Paediatr, 
84, 118-21.

ROSENBERG, K., GRANT, J. M. & HEPBURN, M. (1982) Antenatal detection o f 
growth retardation: actual practice in a large maternity hospital. B r J  Obstet 
Gynaecol, 89, 12-5.

ROSENFELD, R. G. (2003) Insulin-like growth factors and the basis o f  growth. N  
Engl J  M ed  349,2184-6.

313



ROYAL COLLEGE OF OBSTETRICIANS AND GYNAECOLOGISTS (2002) The 
investigation and management of the small-for-gestational-age fetus. RCOG, 
Guideline No.31.

RYAN AND NI CHIONNAITH (2005) Fetal Alcohol Spectrum Disorder: On the 
Spectrum. ted. ie/niici/research/FASD.pdf.

SAENGER, P., CZERNICHOW, R, HUGHES, I. & REITER, E. O. (2007) Small for 
gestational age: short stature and beyond. Endocr Rev, 28, 219-51.

SAGGESE, G., BARONCELLI, G. I., BERTELLONI, S. & BARSANTI, S. (1996) 
The effect o f long-term growth hormone (GH) treatment on bone mineral 
density in children with GH deficiency. Role of GH in the attainment of peak 
bone mass. J  Clin Endocrinol Metab, 81, 3077-83.

SAMPSON, P. D., BOOKSTEIN, F. L., BARR, H. M. & STREISSGUTH, A. P.
(1994) Prenatal alcohol exposure, birthweight, and measures of child size from 
birth to age 14 years. Am J  Public Health, 84, 1421-8.

SANCHEZ-CRAIG AND ANNIS (1982) ‘Self-monitoring’ and ‘recall’ measures of 
alcohol consumption: convergent validity with biochemical indices of liver 
fmcXion Alcohol and Alcoholism, 17, 117-121.

SANDBERG, D. E„ BUKOWSKI, W. M., FUNG, C. M. & NOLL, R. B. (2004) 
Height and social adjustment: are extremes a cause for concern and action? 
Pediatrics, 114,744-50.

SAS, T., DE WAAL, W., MULDER, P., HOUDIJK, M., JANSEN, M., REESER, M. 
& HOKKEN-KOELEGA, A. (1999) Growth hormone treatment in children 
with short stature born small for gestational age: 5-year results o f a 
randomized, double-blind, dose-response trial. J  Clin Endocrinol Metab, 84, 
3064-70.

SAS, T„ MULDER, R, AANSTOOT, H. J., HOUDIJK, M., JANSEN, M„ REESER, 
M. & HOKKEN-KOELEGA, A. (2001) Carbohydrate metabolism during 
long-term growth hormone treatment in children with short stature born small 
for gestational age. Clin Endocrinol (Oxf), 54, 243-51.

SAS, T., MULDER, P. & HOKKEN-KOELEGA, A. (2000) Body composition, blood 
pressure, and lipid metabolism before and during long-term growth hormone 
(GH) treatment in children with short stature born small for gestational age 
either with or without GH deficiency. J  Clin Endocrinol Metab, 85, 3786-92.

SCHIEVE, L. A., MEIKLE, S. F., FERRE, C., PETERSON, H. B., JENG, G. &
WILCOX, L. S. (2002) Low and very low birth weight in infants conceived 
with use o f assisted reproductive technology. N  Engl J  Med, 346, 731-7.

SCHONHERR, N., MEYER, E., ROOS, A., SCHMIDT, A., WOLLMANN, H. A. & 
EGGERMANN, T. (2007) The centromeric 1 lpl5 imprinting centre is also 
involved in Silver-Russell syndrome. J  Med Genet, 44, 59-63.

SCOTT, A., MOAR,V, OUNSTED,M (1981) The relative contributions of different
maternal factors in small-for-gestational age pregnancies. European Journal o f  
Obstetrics & Gynecology and Reproductive Biology, 12, 157-165.

SELLING, K. E., CARSTENSEN, J., FINNSTROM, O. & SYDSJO, G. (2006)
Intergenerational effects of preterm birth and reduced intrauterine growth: a 
population-based study of Swedish mother-offspring pairs. Bjog, 113, 430-40.

SEXTON, M. & HEBEL, J. R. (1984) A clinical trial of change in maternal smoking 
and its effect on birth weight. Jama, 251, 911-5.

SHARMA, P., MCKAY, K., ROSENKRANTZ, T. S. & HUSSAIN, N. (2004)
Comparisons of mortality and pre-discharge respiratory outcomes in small-for-

314



gestational-age and appropriate-for-gestational-age premature infants. BM C  
Pediatr, 4, 9.

SILVER, H. K., KIYASU, W., GEORGE, J. & DEAMER, W. C. (1953) Syndrome of 
congenita! hemihypertrophy, shortness o f stature, and elevated urinary 
gonadotropins. Pediatrics, 12, 368-76.

SINGHAL, A., COLE, T. J., FEWTRELL, M., KENNEDY, K., STEPHENSON, T., 
ELIAS-JONES, A. & LUCAS, A. (2007) Promotion o f  faster weight gain in 
infants born small for gestational age: is there an adverse effect on later blood 
pressure? Circulation, 115, 213-20.

SINGHAL, A., COLE, T. J., FEWTRELL, M. & LUCAS, A. (2004) Breastmilk 
feeding and lipoprotein profile in adolescents born preterm: follow-up o f a 
prospective randomised study. Lancet, 363, 1571-8.

SINGHAL, A., COLE, T. J. & LUCAS, A. (2001) Early nutrition in preterm infants 
and later blood pressure: two cohorts after randomised trials. Lancet, 357, 413- 
9.

SINGHAL, A., FEWTRELL, M., COLE, T. J. & LUCAS, A. (2003) Low nutrient 
intake and early growth for later insulin resistance in adolescents born 
preterm. 361, 1089-97.

SLOBODA, D. M., HART, R., DOHERTY, D. A., PENNELL, C. E. & HICKEY, M. 
(2007) Age at menarche: Influences o f prenatal and postnatal growth. J  Clin 
Endocrinol Metab, 92, 46-50.

SMALL, C. M., MANATUNGA, A. K. & MARCUS, M. (2007) Validity o f self- 
reported menstrual cycle length. 17, 163-70.

SMITH, A. P., ONG, S., SMITH, N. C. & CAMPBELL, D. (2001) A prospective 
longitudinal study o f growth velocity in twin pregnancy. Ultrasound Obstet 
Gynecol, 18,485-7.

SMITH, G. C., FLEMING, K. M. & WHITE, I. R. (2007) Birth order o f  twins and 
risk o f perinatal death related to delivery in England, Northern Ireland, and 
Wales, 1994-2003: retrospective cohort study. Bmj, 334, 576.

SMITH, G. C., PELL, J. P. & DOBBIE, R. (2002) Birth order, gestational age, and 
risk o f delivery related perinatal death in twins: retrospective cohort study.
Bmj, 325, 1004.

SNIJDERS, R. J., SHERROD, C., GOSDEN, C. M. & NICOLAIDES, K. H. (1993) 
Fetal growth retardation: associated malformations and chromosomal 
abnormalities. Am J  Obstet Gynecol, 168, 547-55.

SOBNGWI, E., BOUDOU, P., MAUVAIS-JARVIS, F., LEBLANC, H., VELHO, G., 
VEXIAU, P., PORCHER, R., HADJADJ, S., PRATLEY, R., TATARANNI,
P. A., CALVO, F. & GAUTIER, J. F. (2003) Effect o f a diabetic environment 
in utero on predisposition to type 2 diabetes. Lancet, 361, 1861-5.

SOKOL, R. J., MARTIER, S. S. & AGER, J. W. (1989) The T-ACE questions:
practical prenatal detection o f risk-drinking. Am J  Obstet Gynecol, 160, 863-8; 
discussion 868-70.

SOMMERFELT, K., MARKESTAD, T. & ELLERTSEN, B. (1998)
Neuropsychological performance in low birth weight preschoolers: a 
population-based, controlled study. Eur J  Pediatr, 157, 53-8.

SOOTHILL, P. W., NICOLAIDES, K. H., BILARDO, C. M. & CAMPBELL, S.
(1986) Relation o f fetal hypoxia in growth retardation to mean blood velocity 
in the fetal aorta. Lancet, 2, 1118-20.

SOTO, N., BAZAES, R. A., PENA, V., SALAZAR, T., AVILA, A., INIGUEZ, G„ 
ONG, K. K„ DUNGER, D. B. & MERICQ, M. V. (2003) Insulin sensitivity

315



and secretion are related to catch-up growth in small-for-gestational-age 
infants at age 1 year: results from a prospective cohort. J  Clin Endocrinol 
Metab, 88, 3645-50.

SPELLACY, W. N., HANDLER, A. & FERRE, C. D. (1990) A case-control study of 
1253 twin pregnancies from a 1982-1987 perinatal data base. Obstet Gynecol, 
75, 168-71.

SPENCER, N., BAMBANG, S., LOGAN, S. & GILL, L. (1999) Socioeconomic 
status and birth weight; comparison of an area-based measure with the 
Registrar General's social class. J  Epidemiol Community Health, 53, 495-8.

SPENCER, N. & LOGAN, S. (2002) Social influences on birth weight. Arch Dis 
Child Fetal Neonatal Ed, 86, F6-7.

SPINNEY, L. (2007) Public smoking bans show signs of success in Europe. Lancet, 
369,1507-8.

SPRINGER, S., ANNIBALE, DJ, (2007) Necrotizing Enterocolitis.
WWW, e medicine, com.

STANHOPE, R., ACKLAND, F., HAMILL, G., CLAYTON, J., JONES, J. &
PREECE, M. A. (1989) Physiological growth hormone secretion and response 
to growth hormone treatment in children with short stature and intrauterine 
growth retardation. Acta Paediatr ScandSuppl, 349, 47-52; discussion 53-4.

STANHOPE, R., ALBANESE, A. & AZCONA, C. (1998) Growth hormone 
treatment o f Russell-Silver syndrome. Horm Res, 49 Suppl 2, 37-40.

STANHOPE, R., PREECE, M. A. & HAMILL, G. (1991) Does growth hormone
treatment improve final height attainment of children with intrauterine growth 
retardation? Arch Dis Child, 66, 1180-3.

STATHIS, S. L., O'CALLAGHAN, M., HARVEY, J. & ROGERS, Y. (1999) Head 
circumference in ELBW babies is associated with learning difficuhies and 
cognition but not ADHD in the school-aged child. Dev Med Child Neurol, 41, 
375-80.

STEIN, C. E., KUMARAN, K., FALL, C. H., SHAHEEN, S. O., OSMOND, C. &
BARKER, D. J. (1997) Relation of fetal growth to adult lung function in south 
India. Thorax, 52, 895-9.

STEPHENSON, T. & SYMONDS, M. E. (2002) Maternal nutrition as a determinant 
of birth weight. Arch Dis Child Fetal Neonatal Ed, 86, F4-6.

STOTLAND, N. E., CHENG, Y. W., HOPKINS, L. M. & CAUGHEY, A. B. (2006) 
Gestational weight gain and adverse neonatal outcome among term infants. 
Obstet Gynecol, 108, 635-43.

STRATTON, J. F., SCANAILL, S. N., STUART, B. & TURNER, M. J. (1995) Are 
babies of normal birth weight who fail to reach their growth potential as 
diagnosed by ultrasound at increased risk? Ultrasound Obstet Gynecol, 5, 114- 
8 .

SUNG, J. F., MCGRADY, G. A., ROWLEY, D. L., HOGUE, C. J., ALEMA-
MENSAH, E. & LYPSON, M. L. (1993) Interactive effect of race and marital 
status in low birthweight. Ethn Dis, 3, 129-36.

SUTCLIFFE, A. G., PETERS, C. J., BOWDIN, S., TEMPLE, K., REARDON, W., 
WILSON, L., CLAYTON-SMITH, J., BRUETON, L. A., BANNISTER, W.
& MAHER, E. R. (2006) Assisted reproductive therapies and imprinting 
disorders—a preliminary British survey. Hum Reprod, 21, 1009-11.

TABANO, S., ALVINO, G., ANTONAZZO, P., GRATI, F. R., MIOZZO, M. & 
CETIN, I. (2006) Placental LPL gene expression is increased in severe 
intrauterine growth-restricted pregnancies. Pediatr Res, 59, 250-3.

316



TAIPALE, P. & HIILESMAA, V. (2001) Predicting delivery date by ultrasound and 
last menstrual period in early gestation. Obstet Gynecol, 97, 189-94.

TANAKA, T., MATSUZAKI, A., KUROMARU, R., KINUKAWA, N., NOSE, Y., 
MATSUMOTO, T. & HARA, T. (2001) Association between birthweight and 
body mass index at 3 years o f  age. Pediatr Int, 43, 641-6.

TANNER, J. M., LEJARRAGA, H. & CAMERON, N. (1975) The natural history o f 
the Silver-Russell syndrome: a longitudinal study o f thirty-nine cases. Pediatr 
Res, 9 ,611-23.

TANNER, J. M. & WHITEHOUSE, R. H. (1976) Clinical longitudinal standards for 
height, weight, height velocity, weight velocity, and stages o f puberty. Arch  
Dis Child, 51, 170-9.

TEJANI, N. & MANN, L. I. (1977) Diagnosis and management o f  the small-for- 
gestational-age fetus. Clin Obstet Gynecol, 20, 943-55.

TENHOLA, S., HALONEN, P., JAASKELAINEN, J. & VOUTILAINEN, R. (2005) 
Serum markers o f GH and insulin action in 12-year-old children born small for 
gestational age. Eur J  Endocrinol, 152, 335-40.

TENHOLA, S., MARTIKAINEN, A., RAHIALA, E., HERRGARD, E., HALONEN, 
P. & VOUTILAINEN, R. (2000) Serum lipid concentrations and growth 
characteristics in 12-year-old children born small for gestational age. Pediatr 
Res, 48, 623-8.

THE LANCET, E. (2005) Ireland's smoking ban is an admirable achievement. Lancet, 
365,1282.

THOMPSON, J. M., CLARK, P. M., ROBINSON, E., BECROFT, D. M.,
PATTISON, N. S., GLAVISH, N., PRYOR, J. E., WILD, C. J., REES, K. & 
MITCHELL, E. A. (2001) Risk factors for small-for-gestational-age babies: 
The Auckland Birthweight Collaborative Study. J  Paediatr Child Health, 37, 
369-75.

THORNGREN-JERNECK, K. & HERBST, A. (2001) Low 5-minute Apgar score: a 
population-based register study o f 1 million term births. Obstet Gynecol, 98, 
65-70.

THORP, J. A., JONES, P. G., KNOX, E. & CLARK, R. H. (2002) Does antenatal 
corticosteroid therapy affect birth weight and head circumference? Obstet 
Gynecol, 99, 101-8.

TREACY, A., BYRNE, P., COLLINS, C. & GEARY, M. (2006) Pregnancy outcome 
in immigrant women in the Rotunda Hospital. IrM ed J , 99, 22-3.

TURNER, R. C., HOLMAN, R. R„ MATTHEWS, D., HOCKADAY, T. D. & PETO, 
J. (1979) Insulin deficiency and insulin resistance interaction in diabetes: 
estimation o f their relative contribution by feedback analysis from basal 
plasma insulin and glucose concentrations. Metabolism, 28, 1086-96.

TYSON, J. E., KENNEDY, K., BROYLES, S. & ROSENFELD, C. R. (1995) The
small for gestational age infant: accelerated or delayed pulmonary maturation? 
Increased or decreased survival? Pediatrics, 95, 534-8.

VAESSEN, N., JANSSEN, J. A., HEUTINK, P., HOFMAN, A., LAMBERTS, S. W., 
OOSTRA, B. A., POLS, H. A. & VAN DUIJN, C. M. (2002) Association 
between genetic variation in the gene for insulin-like growth factor-I and low 
birthweight. Lancet, 359, 1036-7.

VAN DER REIJDEN-LAKEMAN, I., SLIJPER, F. M., VAN DONGEN-MELMAN,
J. E., DE WAAL, W. J. & VERHULST, F. C. (1996) Self-concept before and 
after two years o f growth hormone treatment in intrauterine growth-retarded 
children. Horm Res, 46, 88-94.

317



VAN DIJK, M., BANNINK, E. M„ VAN PAREREN, Y. K., MULDER, P. G. &
HOKKEN-KOELEGA, A. C. (2007) Risk factors for diabetes mellitus type 2 
and metabolic syndrome are comparable for previously growth hormone- 
treated young adults born small for gestational age (sga) and untreated short 
SGA controls. JC lin  Endocrinol Metab, 92, 160-5.

VAN PAREREN, Y., MULDER, P., HOUDIJK, M., JANSEN, M., REESER, M. & 
HOKKEN-KOELEGA, A. (2003a) Adult height after long-term, continuous 
growth hormone (GH) treatment in short children bom small for gestational 
age: results of a randomized, double-blind, dose-response GH trial. J  Clin 
Endocrinol Metab, 88, 3584-90.

VAN PAREREN, Y., MULDER, P., HOUDIJK, M., JANSEN, M., REESER, M. & 
HOKKEN-KOELEGA, A. (2003b) Effect of discontinuation of growth 
hormone treatment on risk factors for cardiovascular disease in adolescents 
bom small for gestational age. J  Clin Endocrinol Metab, 88, 347-53.

VAN PAREREN, Y. K., DUIVENVOORDEN, H. J., SLIJPER, F. S., KOOT, H. M. 
& HOKKEN-KOELEGA, A. C. (2004) Intelligence and psychosocial 
functioning during long-term growth hormone therapy in children born small 
for gestational age. J  Clin Endocrinol Metab, 89, 5295-302.

VASU, V. & MODI, N. (2007) Assessing the impact of preterm nutrition. Early Hum 
Dev, 83, 813-8.

VEENING, M. A., VAN WEISSENBRUCH, M. M. & DELEMARRE-VAN DE 
WAAL, H. A. (2002) Glucose tolerance, insulin sensitivity, and insulin 
secretion in children born small for gestational age. J  Clin Endocrinol Metab, 
87, 4657-61.

VEENING, M. A., VAN WEISSENBRUCH, M. M., ROORD, J. J. & DE
DELEMARRE-VAN WAAL, H. A. (2004) Pubertal development in children 
born small for gestational age. JPediatr Endocrinol Metab, 17, 1497-505.

VICTORA, C. G., BARROS, F. C., HORTA, B. L. & MARTORELL, R. (2001)
Short-term benefits of catch-up growth for small-for-gestational-age infants. 
Int J  Epidemiol, 30, 1325-30.

VOHR, B. R., WRIGHT, L. L., DUSICK, A. M., PERRITT, R., POOLE, W. K.,
TYSON, J. E., STEICHEN, J. J., BAUER, C. R., WILSON-COSTELLO, D.
E. & MAYES, L. C. (2004) Center differences and outcomes of extremely low 
birth weight infants. Pediatrics, 113, 781-9.

VON MUTIUS, E. (2002) Environmental factors influencing the development and 
progression of pediatric asthma. J  Allergy Clin Immunol, 109, S525-32.

VORHERR, H. (1982) Factors influencing fetal growth. Am J  Obstet Gynecol, 142, 
577-88.

VREEBURG, S. A., JACOBS, D. J., DEKKER, G. A., HEARD, A. R., PRIEST, K.
R. & CHAN, A. (2004) Hypertension during pregnancy in South Australia, 
part 2: risk factors for adverse maternal and/or perinatal outcome - results of 
multivariable analysis. Aust N  Z J  Obstet Gynaecol, 44, 410-8.

WADSWORTH, M. E. (1997) Health inequalities in the life course perspective. Soc 
Sci M ed  44, 859-69.

WALENKAMP, M. J., KARPERIEN, M., PEREIRA, A. M., HILHORST-
HOFSTEE, Y., VAN DOORN, J., CHEN, J. W., MOHAN, S., DENLEY, A., 
FORBES, B., VAN DUYVENVOORDE, H. A., VAN THIEL, S. W., 
SLUIMERS, C. A., BAX, J. J., DE LAAT, J. A., BREUNING, M. B., 
ROMIJN, J. A. & WIT, J. M. (2005) Homozygous and heterozygous

318



expression o f a novel insulin-like growth factor-I mutation. J C //«  Endocrinol 
Metab, 90, 2855-64.

WALKER, J. J. (2000) Pre-eclampsia. Lancet, 356, 1260-5.
WALLACE, T. M., LEVY, J. C. & MATTHEWS, D. R. (2004) Use and abuse o f 

HOMA modeling. Diabetes Care, 27, 1487-95.
WALPOLE, L, ZUBRICK, S. & PONTRE, J. (1990) Is there a fetal effect with low to 

moderate alcohol use before or during pregnancy? J  Epidemiol Community 
Health, 44, 297-301.

WEILER, H. A., YUEN, C. K. & SESHIA, M. M. (2002) Growth and bone
mineralization o f young adults weighing less than 1500 g at birth. Early Hum 
Dev, 67, 101-12.

WELBERG, L. A. & SECKL, J. R. (2001) Prenatal stress, glucocorticoids and the 
programming o f the brain. JA'gMraewJocrao/, 13, 113-28.

WELLS, J. C. (2007) The programming effects o f early growth. Early Hum Dev, 83, 
743-8.

WHITAKER, R. C., PEPE, M. S., WRIGHT, J. A., SEIDEL, K. D. & DIETZ, W. H. 
(1998) Early adiposity rebound and the risk o f adult obesity. Pediatrics, 101, 
E5.

WILCOX, A. J. (1983) Intrauterine growth retardation: beyond birthweight criteria. 
Early Hum Dev, 8, 189-93.

WILKIN, T. J. & MURPHY, M. J. (2006) The gender insulin hypothesis: why girls 
are born lighter than boys, and the implications for insulin resistance. Int J  
Obes(Lond), 30, 1056-61.

WILKINS-HAUG, L., ROBERTS, D. J. & MORTON, C. C. (1995) Confined 
placental mosaicism and intrauterine growth retardation: a case-control 
analysis o f  placentas at delivery. Am J  Obstet Gynecol, 172, 44-50.

WISWELL, T. E., ROBERTSON, C. F., JONES, T. A. & TUTTLE, D. J. (1988)
Necrotizing enterocolitis in full-term infants. A case-control study. Am J D i s  
Child 142, 532-5.

WIT, J. M., FINKEN, M. J., RIJKEN, M. & DE ZEGHER, F. (2006) Preterm growth 
restraint: a paradigm that unifies intrauterine growth retardation and preterm 
extrauterine growth retardation and has implications for the small-for- 
gestational-age indication in growth hormone therapy. Pediatrics, 117, e793-5.

WOODALL, S. M., BREIER, B. H., JOHNSTON, B. M. & GLUCKMAN, P. D.
(1996) A model o f intrauterine growth retardation caused by chronic maternal 
undernutrition in the rat: effects on the somatotrophic axis and postnatal 
gxov^Xh. J  Endocrinol, 150,231-42.

WOODS, K. A., CAMACHO-HUBNER, C., SAVAGE, M. O. & CLARK, A. J.
(1996) Intrauterine growth retardation and postnatal growth failure associated 
with deletion o f the insulin-like growth factor I gene. N  Engl J  Med, 335, 
1363-7.

WOODS, K. A., VAN HELVOIRT, M., ONG, K. K., MOHN, A., LEVY, J., DE 
ZEGHER, F. & DUNGER, D. B. (2002) The somatotropic axis in short 
children born small for gestational age: relation to insulin resistance. Pediatr 
Res, 51,76-80.

WORLD HEALTH ORGANIZATION (1992) International statistical classification 
o f diseases and related health problems. 10th revision. Geneva: World Health 
Organization.

319



WORLD HEALTH ORGANIZATION (1997) Obesity: Preventing and managing the 
global epidemic - Report o f a WHO Consultation on Obesity, 3-5 June, 
Geneva.

WORLD HEALTH ORGANIZATION (2005) World Health Statistics 2005. Geneva: 
World Health Organization.

WORLD HEALTH ORGANIZATION (2007a) Global Strategy for Infant and Young 
Child Feeding. http://w\vw.who.int/child-adolescent- 
health/NUTRITION/elobal stratesv.htm .

WORLD HEALTH ORGANIZATION (2007b) http://w w .w ho.int/childgrow th/en/.
YAINIK, C. (2000) Interactions o f  perturbations in intrauterine growth and growth

during childhood on the risk o f adult-onset disease. Proc NutrSoc, 59, 257-65.
YALCIN, H. R., ZORLU, C. G., LEMBET, A., OZDEN, S. & GOKMEN, O. (1998) 

The significance o f birth weight difference in discordant twins: a level to 
standardize? Acta Obstet Gynecol Scand, 77, 28-31.

YARBROUGH, D. E., BARRETT-CONNOR, E. & MORTON, D. J. (2000) Birth 
weight as a predictor o f  adult bone mass in postmenopausal women: the 
Rancho Bernardo Study. Osteoporos Int, 11, 626-30.

YAU, K. I. & CHANG, M. H. (1993) Growth and body composition o f  preterm,
small-for-gestational-age infants at a postmenstrual age o f 37-40 weeks. Early 
Hum Dev, 33, 117-31.

YEH, T. F., LIN, Y. J., LIN, H. C., HUANG, C. C., HSIEH, W. S., LIN, C. H. & 
TSAI, C. H. (2004) Outcomes at school age after postnatal dexamethasone 
therapy for lung disease o f  prematurity. N  Engl J  Med, 350, 1304-13.

YERUSHALMY, J. (1971) The relationship o f parents' cigarette smoking to outcome 
o f pregnancy—implications as to the problem o f  inferring causation from 
observed associations. Am J  Epidemiol, 93, 443-56.

ZAW, W., GAGNON, R. & DA SILVA, O. (2003) The risks o f adverse neonatal 
outcome among preterm small for gestational age infants according to 
neonatal versus fetal growth standards. Pediatrics, 111, 1273-7.

ZHANG, X., PLATT, R. W., CNATTINGIUS, S., JOSEPH, K. S. & KRAMER, M.
S. (2007) The use o f customised versus population-based birthweight 
standards in predicting perinatal mortality. Bjog, 114, 474-7.

ZIMMER, Z., KANEDA, T, SPESS, L (2006) Urban versus rural mortality among 
older adults in China. The Population Council Inc.

ZUCCHINI, S., CACCIARI, E., BALSAMO, A., CICOGNANI, A., TASSINARI, D„ 
BARBIERI, E. & GUALANDI, S. (2001) Final height o f  short subjects o f low 
birth weight with and without growth hormone treatment. Arch Dis Child, 84, 
340-3.

ZUCKERMAN, B. S. & HINGSON, R. (1986) Alcohol consumption during 
pregnancy: a critical review. Dev Med Child Neurol, 28, 649-54.

320



APPENDICES



■” ' ' ' i V f

IJTlf'-'iii

til



APPENDIX I





Mother's address
0 9 /0 5 /2 00 5

Dear Ms ,
From our records your daughter, born on X /Y /2000  weighed 

XXXXgrams at birth, which is smaller than average. International 
studies show that although children who are born small are generally in 
the average range by two years and achieve a normal adult height, 
approximately 10%  continue to be smaller than average for various 
reasons, and may have particular health issues in later life.

We are currently planning to study the progress growth of small 
babies born at the Coombe Women's Hospital, who are now aged 
between 4 and 6 years. We would like to invite you and your child to 
participate in this important study which is also being conducted in 
other European countries.

Assessment would include weighing and measuring your child. If  
possible we would also like to measure both parents. Following this we 
will be able to tell you how your child is progressing. If  you wish to 
participate, we will arrange an appointment for you to meet Dr 
O'Connell at the growth clinic at the National Children's Hospital in 
Tallaght. If  your child is not growing well we would discuss with you the 
possible causes and whether your child may benefit from treatm ent 
including growth hormone.

We hope that you will agree to have your child assessed and we 
would be grateful if you could complete the enclosed questionnaire and 
return it to us in the stamped addressed envelope. If  you wish to make 
an appointment please contact us at 0 1 -4 1 4 2 0 0 0  at the National 
Children's Hospital Tallaght and ask for bleep 7 3 5 2 . Alternatively, you 
can email susan.oconnell@tcd.ie.

Yours sincerely.

Dr M Sheridan-Pereira 
Consultant Neonatologist

44c><S_f 
Professor H Hoey,
Consultant Paediatric Endocrinologist

Sjl1)CVxv.O  
Dr S O'Connell,
Paediatric Registrar
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/ My Child’s Growth

A few questions for parents

Dear Parent,
We are interested to know how your child is growing. This 
questionnaire should take 5-lOmins to complete. Your co
operation is greatly appreciated. The information you provide 

will help us to decide the best way to follow-up babies who are bom small in the 
future. All information will be dealt with in the strictest o f confidence.

If you have any queries please contact Nurse Elaine O ’Mullane or Dr Susan O ’Connell at The National Children’s 
Hospital 01-4142000 on Bleep 7352



1. Your child's details 
I am the child's
Mother □ Father □  Other relationship □

Please specify_________

My child's first name:

My child’s date o f birth is:

Surname:

/ /

2. Here are some questions on your child’s growth

Does your child seem smaller than:

your other children were at same age? Yes □ No □ N/AD 

school friends of the same age? Yes □ No □

What size clothes does your child wear?

Have you any concerns about your 
child’s growth?

If yes, what are they?

What does your child now weigh?

What date was your child weighed on? 

What is your child’s height now?

What date was your child measured?

How was your child’s height 
measured?

(e.g. age 3-4) 

Yes □ No □

 kgs/
stone lbs

/ /

cms/
inches

/ /

By GP □ 
at school □ 

at home against wall □

3. Your child’s development 

Did your child

Sit up without support by 7 months? 

Crawl/bottom shuffle by 9 months?

Walk independently by 18 months? 

Speak 2-3 single words by age 1 year? 

Speak two word combinations by age 2? 

Form recognisable sentences by age 3?

Please choose one box

Yes □ No □

Yes □ No □

Yes □ No □

Yes □ No □

Yes □ No □

Yes □ No □

Can your child do the following?

Hop on one leg? Yes □ No □



Kick a ball?

Skip?

Use a knife and fork?

Fasten buttons?

Tie shoe laces?

How is your child getting on at school?

Above average for class 

Average for class 

Below average for class

Does your child need remedial help in 

some subjects?

Does your child attend a special school?

Yes □ No □ 

Yes □ No □ 

Yes □ No □ 

Yes □ No □ 

Yes □ No □

□
□
□

Please choose one box

Yes □ No □ 

Yes □ No □

How would you describe your child?

Is a good leader

Prefers his/her own company 

Has trouble making friends 

Is very good at sports 

Looks younger than his/her age

4. Your child’s health 

Does your child have any medical problems?

Yes □ No □ 

Yes □ No □ 

Yes □ No □ 

Yes □ No □ 

Yes □ No □

Asthma?

Coeliac disease?

A heart condition? 

Kidney problems? 

Diabetes?

Other chronic disorder?

Yes □ No □ Don't know □

Yes □ No □ Don't know □

Yes □ No □ Don't know □

Yes □ No □ Don't know □

Yes □ No □ Don't know □

Yes □ No □ Don't know □



Is your child attending a Consultant

Paediatrician at the moment? Yes □ No □

If yes, what Consultant? _________________

Would you like to add any further information on your 
child’s medical history?_____________________________

Did your child ever attend a
dietician? Yes □ No □
If yes, where?

Did your child require speech and Yes □ No □
language therapy?
Did your child have any problems with Yes □ No □
vision?
Did your child have any problems with Yes □ No □
hearing?

5. The family

Please list name, age, birth weight and duration of pregnancy for each of your children

If you need any more space please use back of page.

Name Age Birth 
Weight 
(lbs ozs)

How long was the 
pregnancy? (weeks)

6. Parent information

Mother’s height  cms / ___feet
 inches

Father’s height  cms / ___feet
 inches

Do both parents live at home? Yes □ No □

Is mother employed outside the
home? Yes □ No □ N/AD

Is father employed outside the home? Yes □ No □ N/AD



7. Regarding the study described in the letter

I would like my child to participate Yes □ No □

My child will be unable to participate Yes □ No □

To help us arrange hospital visits please tick which times would be suitable for you

Mon am Tues am Wed am Thur am Fri am
□ □ □ □ □
Mon pm Tues pm Wed pm Thur pm
□ □ □ □

Please give us a phone number so that 
we can contact you

What is the best time of day for us to 
call you?

Signed:

Please print name

Date

Thank you for completing this form. Please return 
in the enclosed stamped addressed envelope to;

Dr Susan O’Connell, Department of Paediatrics, 
Trinity Centre for Health Sciences, National 

Children’s Hospital, Tallaght, Dublin 24

If you have any queries please contact Nurse Elaine 
O’Mullane at The National Children’s Hospital 

01-4142000 on Bleep 7352 or extension 4111
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S.G.A Growth 
Studvffl.E.S.G.A.S)

Num ber
Source: C .W .H ................

N M H1 ~  •  X * J l •  A -l . • • • • » • • • • • • •

A.M.N.C.H........
O TH ER-...............................

.Name; .......................
Date of Birth. / /
A ddress............................

Hospital N o:... .............

Observations
Childs

Height-Standing:  cms
Sitting:...............cms

W eight- kgs:
B/P:
Pulse:.............
MAP:
Head Circum ference:......... cms

DATE;

Information/History

Birth History Pregnancy 
(smoker/alcohol consumption/complications

Confirm gestation:.............
Confirm birth  weight:.......
Sure of da tes? ......................

Parents
Mum: Height-Standing cms

Sitting:... cms
W eight-............. kgs

Dad: Height-Standing .cms
Sitting:... cms

W eight-.............. kgs

/

Sibling
Name:.......................
Date of B irth :___/_______
Height-Standing:  cms

Sitting.............cms
Birth W eight..............kgs
Gestational Age:............. wks
Present W eig h t:....... kgs

e.g. B/P, PET, DM etc):
. .wks
....kgs

Delivery M ethod (why this method?)

Neonatal Course (SCBU/PNW ,prematurity,complications):

Follow up since discharge:

W eight gain during infancy:



Name. ......................
Date o f Birth: ........
Address:...................
Hospital No:...........

Childs History d a t e ... ./...... /

Past M edical/Surgical
h istory:...............................................................................................................................

Developm ental history:
motor:

speech:

hearing:

vision:

Vaccination
history.........
Social
h istory:........

Family
history:

M edications/Allergies:

Diet and 
Activity:



N a m e:...........
Date of Birth:
Address:.......
Hospital No:.

Physical examination DATE:
A ppearance:.....................................................................................................................

Dysmorphism:

Nutritional Status:

Teeth:.......................
S k in ..........................
Spine:.......................
Chest Auscultation:

C.V.S

Abdominal:

Genitalia;

Neuro
Reflexes: ...
Hops:...........
Skips:..........
Heel-toe:.... 
Finger nose:

Impression-

General:................

Eligibility to N.E.S.G.A.S: 
Follow up plan:...................

G.P Letter S e n t :Yes□  To followO Date Sent: / /

D ate:....................... Signed.....................................Bleep No:
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Patient Sticker

Date /  /

Dear Doctor,

We are conducting a study o f  growth in children who were born small for gestational 
age (SGA) at the Coom be W om en’s Hospital betw een July 1999 and June 2001. 
A bout 10-15% o f  children born SGA will fail to catch up in growth by age 4, and will 
have short stature. Y our patient above was assessed today as part o f  this study. I am 
happy to report that he/she has achieved good catch up growth and is w ithin the target 
range for height. We have not m ade any follow -up plans, how ever should you have 
any concerns in the future, we w ould be happy to arrange a further appointm ent.

Patient’s H eight _______ Patien t’s W eight _______

Height C entile   W eight C entile _______

Head C ircum ference

Com ment:

Yours sincerely.

Dr Susan O ’Connell,
Specialist R egistrar to Professor Hilary Hoey, 
Consultant Paediatric Endocrinologist
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C o u n try  o f b ir th

c
Ethnic Origin (If mixed, tick more than one box )

You Baby’s
Africa Father

N orth Africa □ □
(eg M orocco, Algeria)

□ □Sub-Sahara
(eg  Somalia, Kenya, Nigeria)

O ther: (
Asia

India □ □
Pakistan Q] □
Bangladesh □ □
China □ □
Far East Asia - O ther □ □

(eg Japan, Korea)

uSouth East Asia □
(eg Malaysia, Thailand, Philippines)

O ther; c
Caribbean

(eg Barbados. Jamaica, Trinidad & Tobago)

Europe
Britain

(England. Scotland & W ales)

Ireland 
N orthern Europe

(eg D enm ark , N orw ay, Sw eden)

W estern Europe
(eg  France, G erm any, N etheH ands)

Eastern Europe
(eg Balkans, Poland. Russia)

Southern Europe
(eg  G reece , Italy, Portugal, Spain. Turkey)

O ther:

□ □
□ □
u
□

u
□

□ □
□ □
□ □

Middle East □  □
(eg Egypt. Israel, Syria)

Other: (
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Code No. Socio-economic group and occupation Employment status

A Employers and managers (contd.)

490 Computer operators, data processing operators and other office
machine operators 2

500 Bricklayers and masons 2
501 Roofers, slaters, tilers, sheeters and cladders 2
502 Plasterers 2
503 Glaziers 2
504 Builders and building contractors 2
506 Floorers, floor coverers, carpet fitters and planners, floor and wall

tilers 2
507 Painters and decorators 2
509 Scaffolders, riggers, steeplejacks and other construction trades n.e.s. 2
515 Toolmakers 2
516 Metal working production and maintenance fitters 2
517 Precision instrument makers, goldsmiths, silversmiths and precious

stone workers 2
519 Other machine tool setters and CNC setter-operators n.e.s. 2
521 Electricians and electrical maintenance fitters 2
523 Telephone fitters 2
524 Cable jointers and lines repairers 2
525 Radio, TV and video engineers 2
526 Computer engineers (installation and maintenance) 2
529 Other electrical and electronic trades n.e.s. 2
530 Smiths, forge/metal plate workers and shipwrights 2
532 Plumbers, heating and ventilating engineers and related trades 2
533 Sheet metal workers 2
537 Welders and steel erectors 2
540 Motor mechanics, auto electricians, tyre and exhaust fitters 2
541 Vehicle body repairers, panel beaters and spray painters 2
550 Weavers, knitters, warp preparers, bleachers, dyers and finishers 2
553 Sewing machinists, menders, darners and embroiderers 2
554 Coach trimmers, upholsterers and mattress makers 2
555 Shoe repairers and other leather makers 2
556 Tailors, dressmakers, clothing cutters, milliners and furriers 2
559 Other textiles, garments and related trades n.e.s. 2
561 Printers, originators and compositors 2
569 Bookbinders, print finishers and other printing trades n.e.s. 2
570 Carpenters and joiners 2
571 C abinetm akers 2
579 Other woodworking trades n.e.s 2
580 Bakers and flour confectioners 2
581 Butchers and meat cutters 2
582 Fishmongers and poultry dressers 2
590 Glass product and ceramics makers, finishers and other operatives 2
594 Gardeners and groundsmen/women 2
595 Horticultural trades 2
599 Other craft and related occupations 2
620 Chefs and cooks 2
650 Childminders, nursery nurses and playgroup leaders 2
652 Educational assistants 2
660 Hairdressers, barbers and beauticians 2
673 Launderers, dry cleaners and pressers 2
690 Undertakers, bookmakers and other personal service workers n.e.s. 2



Socio-economic groups - list of constituent occupations

Code No. Socio-economic group and occupation Employment status

A Employers and managers

100 Senior managers In national government 2 3 1
101 General managers in large companies 2
102 Local government officers 2 3
103 General administrators in national government 2 3
110 Production and works managers 2
111 Building managers 2
120 Company financial managers 2
121 IVIarketing managers 2
122 Purchasing managers 2
124 Personnel managers 2
126 Computer systems managers 2
130 Credit controllers 2
131 Bank and building society managers 2
139 Other financial managers n.e.s. 2
140 Transport managers 2
141 Stores and warehousing managers 2
150 Commissioned officers in armed forces
152 Senior police and prison officers
171 Garage managers and proprietors 2
173 Hotel and accommodation managers 2
174 Restaurant and catering managers 2
175 Publicans, innkeepers and club managers 2
176 Entertainment and sport managers 2
177 Travel agency managers 2
178 Managers and proprietors of butchers 2
179 Managers and proprietors of shops 2
191 Administrators of schools and colleges 2 3
199 other managers n.e.s. 2
240 Judges 2 3
270 Librarians, archivists and curators 2 3
310 Draughtspersons 2
331 Aircraft officers, traffic planners and controllers 2
332 Ship and hovercraft officers 2
361 Underwriters, claims assessors, brokers and investment analysts 2
371 Matrons, houseparents, welfare, community and youth workers 2
380 Authors, writers and journalists 2
381 Artists, commercial/industrial artists, graphic and clothing designers 2
384 Actors, musicians, entertainers, stage managers, producers and

directors 2
386 Photographers, camera, sound and video equipment operators 2
387 Professional athletes and sport officials 2
391 Vocational, industrial trainers and driving instructors 2
410 Accounts and wages clerks, book-keepers and other financial clerks 2
411 Cashiers, bank and counter clerks 2
412 Debt, rent and other cash collectors 2
430 Filing, computer, library and other clerks n.e.s. 2
441 Storekeepers, warehousemen/women, despatch and production

control clerks 2
459 Secretaries, medical, legal; personal assistants, typists and word

processor operators 2



Code No. Socio-economic group and occupation Employment status

A Employers and managers (contd.)

702 Importers, exporters, commodity and shipping brokers 2
710 Technical and wholesale sales representatives 2
719 Auctioneers, estimators, valuers and other sales representatives

n.e.s. 2
720 Sales assistants, check-out operators and petrol pump attendants 2
731 Roundsmen/women and van salespersons 2
732 Market/street traders and scrap dealers 2
790 Merchandisers, window dressers, floral arrangers and telephone

salespersons 2
800 Bakery and confectionery process operatives 2
802 Tobacco process operatives 2
809 Other food and drink (incl. brewing) process operatives 2
810 Tannery production operatives 2
812 Spinners, doublers, twisters, winders and reelers 2
814 Other textiles processing operatives 2
820 Chemical, gas and petroleum process plant operatives 2
821 Paper, wood and related process plant operatives 2
824 Rubber process operatives, moulding machine operatives and tyre

builders 2
825 Plastics process operatives, moulders and extruders 2
829 Synthetic fibre and other chemical, paper, plastics and related

operatives 2
830 Moulders and furnace operatives (metal) 2
834 Electroplaters, galvanisers and colour coaters 2
839 Other metal making and treating process operatives n.e.s. 2
840 Machine tool operatives (incl. CNC machine tool operatives) 2
841 Other automatic machine workers, metal polishers and dressing

operatives 2
850 Assemblers and lineworkers (electrical and electronic goods) 2
851 Assemblers and lineworkers (metal goods and other goods) 2
860 Inspectors, viewers and laboratory testers 2
862 Packers, bottlers, canners, fillers, weighers, graders and sorters 2
872 Drivers of road goods vehicles 2
873 Bus conductors and coach drivers 2
874 Taxi/cab drivers, chauffeurs and couriers 2
880 Seafarers (merchant navy), barge and boat operatives 2
885 Mechanical plant drivers/operatives and crane drivers 2
887 Fork lift truck drivers 2
889 Other transport and machinery operatives n.e.s. 2
895 Pipe layers/pipe jointers and related construction workers 2
897 Woodworking machine operatives 2
898 Mine (excluding coal) and quarry workers 2
899 Other plant, machine and process operatives n.e.s. 2
903 Fishing and related workers 2
923 Road construction workers, paviors and kerb layers 2
929 Other building and civil engineering labourers 2
930 Stevedores and dockers 2
931 Goods porters 2
933 Refuse and salvage collectors 2
955 W indow cleaners and car park attendants 2
958 Cleaners and domestics 2
959 Other occupations in sales and services n.e.s. 2
990 All other labourers and related workers 2



Code No. Socio-econom ic group and occupation Employment status

B Higher professional

200 Chemists 2 3 1,4
201 Biological scientists 2 3 1,4
202 Physicists 2 3 1,4
209 Other natural scientists n.e.s. 2 3 1,4
210 Civil and mining engineers 2 3 1,4
211 Mechanical engineers 2 3 1,4
212 Electrical and electronic engineers 2 3 1,4
214 Software engineers 2 3 1,4
215 Chemical, production, planning and quality control engineers 2 3 1,4
216 Design and development engineers 2 3 1,4
219 Other engineers and technologists n.e.s. 2 3 1,4
220 Medical practitioners 2 3 1,4
221 Pharmacists, pharmacologists, ophthalmic and dispensing opticians 2 3 1,4
223 Dental practitioners 2 3 1,4
224 Veterinarians 2 3 1,4
230 University, RTC and higher education teachers 2 3 1,4
242 Barristers and solicitors 2 3 1,4
250 Chartered and certified management accountants (incl. taxation

experts) 2 3 1,4
252 Actuaries, economists, statisticians, management consultants and

business analysts 2 3 1,4
260 Architects, town planners and surveyors 2 3 1,4
290 Psychologists and other social/behavioural scientists 2 3 1,4
292 Clergy 2 3 1,4
293 Social workers and probation officers 2 3 1,4

< C Lower professional

121 Marketing managers 3
132 Civil Service executive officers 2 3 1,4
233 Secondary and vocational education teachers 2 3 1,4
234 Primary and nursery education teachers 2 3 1,4
239 Other teaching professionals n.e.s. 2 3 1,4
300 Laboratory technicians 2 3 1,4
301 Engineering technicians 2 3 1,4
302 Electrical and electronic technicians 2 3 1,4
303 Architectural, town planning, building and civil engineering

technicians 2 3 1,4
309 Other scientific technicians n.e.s. 2 3 1,4
312 Building inspectors and quantity surveyors 2 3 1,4
313 Marine, insurance and other surveyors 2 3 1,4
320 Computer analyst programmers 2 3 1,4
331 Aircraft officers, traffic planners and controllers 1,4
340 Nurses and midwives 2 3 1,4
342 Medical radiographers 2 3 1,4
343 Physiotherapists and chiropodists 2 3 1,4
346 Medical technicians, dental auxiliaries and dental nurses 2 3 1,4
347 Occupational and speech therapists, psychotherapists and other

therapists n.e.s. 2 3 1,4
349 Other health associate professionals n.e.s. 2 3 1,4
350 Legal service and related occupations 2 3 1,4
361 Underwriters, claims assessors, brokers and investment analysts 3 1,4
363 Personnel, industrial relations and work study officers 2 3 1,4



Code No. Socio-economic group and occupation Employment status

C Lower professional (contd.)

380 Authors, writers and journalists 3 1,4
381 Artists, commercial/industrial artists, graphic and clothing designers 3 1,4
384 Actors, musicians, entertainers, stage managers, producers and

directors 3 1,4
390 Information officers, careers advisers and vocational guidance

specialists 2 3 1,4
391 Vocational, industrial trainers and driving instructors 1,4
394 Inspectors of factories, trading standards and other statutory

inspectors 2 3 1,4
396 Environmental health workers, occupational hygienists and safety

officers 2 3 1,4
399 Other associate professional and technical occupations n.e.s. 2 3 1,4
640 Nurses’ aids and ambulance staff 2 3 1,4
700 Buyers and purchasing officers 2 3 1,4

D N on-m anual

310 Draughtspersons 1,4
371 Matrons, houseparents, welfare, community and youth workers 1,4
386 Photographers, camera, sound and video equipment operators 1,4
387 Professional athletes and sport officials 1,4
400 Civil Service administrative officers and assistants 2 3 1,4
401 Local government clerical officers and assistants 2 3 1,4
410 Accounts and wages clerks, book-keepers and other financial clerks 1,4
411 Cashiers, bank and counter clerks 1,4
412 Debt, rent and other cash collectors 1,4
430 Filing, computer, library and other clerks n.e.s. 1,4
459 Secretaries, medical, legal; personal assistants, typists and word

processor operators 1,4
460 Receptionists and receptionist-telephonists 2 3 1,4
462 Telephone operators, telegraph operators and other office

communication system operators 2 3 1,4
490 Computer operators, data processing operators and other office

machine operators 1,4
600 Soldiers (sergeant and below) 1,4
610 Police officers (sergeant and below) 1,4
611 Fire service officers 2 3 1,4
612 Prison service officers 1,4
620 Chefs and cooks 1,4
621 Waiters and waitresses 2 3 1,4
622 Bar staff 2 3 1,4
630 Travel and flight attendants 2 3 1,4
650 Childminders, nursery nurses and playgroup leaders 1,4
652 Educational assistants 1,4
660 Hairdressers, barbers and beauticians 1,4
670 Housekeepers (domestic and non-domestic) 2 3 1,4
702 Importers, exporters, commodity and shipping brokers 1,4
710 Technical and wholesale sales representatives 1,4
719 Auctioneers, estimators, valuers and other sales representatives

n.e.s. 1,4
720 Sales assistants, check-out operators and petrol pump attendants 1,4
732 Market/street traders and scrap dealers 1.4



Code No. Socio-econom ic group and occupation Employment status

D Non-manual (contd.)

790 Merchandisers, window dressers, floral arrangers and telephone
salespersons 1,4

881 Railway station workers, supervisors and guards 2 3
953 Counterhands and catering assistants 2 3 1,4

E Manual skilled

500 Bricklayers and masons 1,4
502 Plasterers 1,4
504 Builders and building contractors 1,4
506 Floorers, floor coverers, carpet fitters and planners, floor and wall

tilers 1,4
507 Painters and decorators 1,4
515 Toolmakers 1,4
516 Metal working production and maintenance fitters 1,4
517 Precision instrument makers, goldsmiths, silversmiths and precious

stone workers 1,4
519 Other machine tool setters and CNC setter-operators n.e.s. 1,4
521 Electricians and electrical maintenance fitters 1,4
523 Telephone fitters 1,4
524 Cable jointers and lines repairers 1,4
525 Radio, TV and video engineers 1,4
526 Computer engineers (installation and maintenance) 1,4
529 Other electrical and electronic trades n.e.s. 1,4
530 Smiths, forge/metal plate workers and shipwrights 1,4
532 Plumbers, heating and ventilating engineers and related trades 1,4
533 Sheet metal workers 1,4
537 Welders and steel erectors 1,4
540 Motor mechanics, auto electricians, tyre and exhaust fitters 1,4
541 Vehicle body repairers, panel beaters and spray painters 1,4
550 Weavers, knitters, warp preparers, bleachers, dyers and finishers 1,4
554 Coach trimmers, upholsterers and mattress makers 1,4
555 Shoe repairers and other leather makers 1,4
556 Tailors, dressmakers, clothing cutters, milliners and furriers 1,4
559 Other textiles, garments and related trades n.e.s. 1,4
561 Printers, originators and compositors 1,4
569 Bookbinders, print finishers and other printing trades n.e.s. 1,4
570 Carpenters and joiners 1,4
571 Cabinet makers 1,4
579 Other woodworking trades n.e.s. 1,4
580 Bakers and flour confectioners 1,4
581 Butchers and meat cutters 1,4
582 Fishmongers and poultry dressers 1,4
590 Glass product and ceramics makers, finishers and other operatives 1,4
731 Roundsmen/women and van salespersons 1,4
800 Bakery and confectionery process operatives 1,4
810 Tannery production operatives 1,4
821 Paper, wood and related process plant operatives 1,4
824 Rubber process operatives, moulding machine operatives and tyre

builders 1,4
830 Moulders and furnace operatives (metal) 1,4
834 Electroplaters, galvanisers and colour coaters 1,4
839 Other metal making and treating process operatives n.e.s. 1,4



Code No. Socio-econom ic group and occupation Employment status

fi Manual skilled (contd.)

871 Bus and road transport depot inspectors 2 3 1,4
872 Drivers of road goods vehicles 1,4
873 Bus conductors and coach drivers 1,4
874 Taxi/cab drivers, chauffeurs and couriers 1,4
881 Railway station workers, supervisors and guards 1,4
882 Rail engine drivers and other railway line operatives 2 3 1,4
885 Mechanical plant drivers/operatives and crane drivers 1,4
887 Fork lift truck drivers 1,4
889 Other transport and machinery operatives n.e.s. 1,4
897 Woodworking machine operatives 1,4

F Semi-skilled

441 Storekeepers, warehousemen/women, despatch and production
control clerks 1,4

501 Roofers, slaters, tilers, sheeters and cladders 1,4
503 Glaziers 1,4
509 Scaffolders, riggers, steeplejacks and other construction trades n.e.s. 1,4
553 Sewing machinists, menders, darners and embroiderers 1,4
594 Gardeners and groundsmen/women 1,4
599 Other craft and related occupations 1,4
615 Security guards and related occupations 2 3 1,4
619 Other security and protective service occupations n.e.s. 2 3 1,4
644 Care assistants and attendants 2 3 1,4
672 Caretakers 2 3 1,4
673 Launderers, dry cleaners and pressers 1,4
690 Undertakers, bookmakers and other personal service workers n.e.s. 1,4
802 Tobacco process operatives 1,4
809 Other food and drink (incl. brewing) process operatives 1,4
812 Spinners, doublers, twisters, winders and reelers 1,4
814 Other textiles processing operatives 1,4
820 Chemical, gas and petroleum process plant operatives 1,4
825 Plastics process operatives, moulders and extruders 1,4
829 Synthetic fibre and other chemical, paper, plastics and related

operatives 1,4
840 Machine tool operatives (incl. CNC machine tool operatives) 1,4
841 Other automatic machine workers, metal polishers and dressing

operatives 1,4
850 Assemblers and lineworkers (electrical and electronic goods) 1,4
851 Assemblers and lineworkers (metal goods and other goods) 1,4
860 Inspectors, viewers and laboratory testers 1,4
862 Packers, bottlers, canners, fillers, weighers, graders and sorters 1,4
880 Seafarers (merchant navy), barge and boat operatives 1,4
893 Electrical, energy, boiler and related plant operatives and attendants 2 3 1,4
895 Pipe layers/pipe jointers and related construction workers 1,4
898 Mine (excluding coal) and quarry workers 1,4
899 Other plant, machine and process operatives n.e.s. 1,4
903 Fishing and related workers 1,4
913 Mates to metal, electrical and related fitters 2 3 1,4
922 Rail construction and maintenance workers 2 3 1,4
940 Postal workers and mail sorters 2 3 1,4
951 Hotel porters and kitchen porters 2 3 1,4
959 Other occupations in sales and services n.e.s. 1,4



Code No. Socio-econom ic group and occupation Employment status

G Unsl<illed

892 Water and sewerage plant attendants 2 3 1,4
919 Labourers in engineering and other making/processing industries 2 3 1,4
923 Road construction workers, paviors and kerb layers 1,4
929 Other building and civil engineering labourers 1,4
930 Stevedores and dockers 1,4
931 Goods porters 1,4
933 Refuse and salvage collectors 1,4
934 Drivers’ mates 2 3 1,4
955 Window cleaners and car park attendants 1,4
958 Cleaners and domestics 1,4
990 All other labourers and related workers 1,4

H Own account workers

101 General managers in large companies 3
110 Production and works managers 3
111 Building managers 3
120 Company financial managers 3
122 Purchasing managers 3
124 Personnel managers 3
126 Computer systems managers 3
130 Credit controllers 3
131 Bank and building society managers 3
139 Other financial managers n.e.s. 3
140 Transport managers 3
141 Stores and warehousing managers 3
171 Garage managers and proprietors 3
173 Hotel and accommodation managers 3
174 Restaurant and catering managers 3
175 Publicans, innkeepers and club managers 3
176 Entertainment and sport managers 3
177 Travel agency managers 3
178 Managers and proprietors of butchers 3
179 Managers and proprietors of shops 3
199 Other managers n.e.s. 3
310 Draughtspersons 3
331 Aircraft officers, traffic planners and controllers 3
332 Ship and hovercraft officers 3
371 Matrons, houseparents, welfare, community and youth workers 3
386 Photographers, camera, sound and video equipment operators 3
387 Professional athletes and sport officials 3
391 Vocational, industrial trainers and driving instructors 3
410 Accounts and wages clerks, book-keepers and other financial clerks 3
411 Cashiers, bank and counter clerks 3
412 Debt, rent and other cash collectors 3
430 Filing, computer, library and other clerks n.e.s. 3
441 Storekeepers, warehousemen/women, despatch and production

control clerks 3
459 Secretaries, medical, legal; personal assistants, typists and word

processor operators 3
490 Computer operators, data processing operators and other office

machine operators 3
500 Bricklayers and masons 3



Code No. S oc io -econom ic  g roup  and occupa tion E m p loym en t sta tus

\ Own a ccoun t w o rke rs  (contd.)

501 Roofers, slaters, tilers, sheeters and cladders
502 Plasterers
503 Glaziers
504 Builders and building contractors
506 Floorers, floor coverers, carpet fitters and planners, floor and wall 

tilers
507 Painters and decorators
509 Scaffolders, riggers, steeplejacks and other construction trades n.e.s
515 Toolmakers
516 Metal working production and maintenance fitters
517 Precision instrument makers, goldsmiths, silversmiths and precious 

stone workers
519 Other machine tool setters and CNC setter-operators n.e.s.
521 Electricians and electrical maintenance fitters
523 Telephone fitters
524 Cable jointers and lines repairers
525 Radio, TV and video engineers
526 Computer engineers (installation and maintenance)
529 Other electrical and electronic trades n.e.s.
530 Smiths, forge/metal plate workers and shipwrights
532 Plumbers, heating and ventilating engineers and related trades
533 Sheet metal workers
537 W elders and steel erectors
540 Motor mechanics, auto electricians, tyre and exhaust fitters
541 Vehicle body repairers, panel beaters and spray painters
550 Weavers, knitters, warp preparers, bleachers, dyers and finishers
553 Sewing machinists, menders, darners and embroiderers
554 Coach trimmers, upholsterers and mattress makers
555 Shoe repairers and other leather makers
556 Tailors, dressmakers, clothing cutters, milliners and furriers
559 Other textiles, garments and related trades n.e.s.
561 Printers, originators and compositors
569 Bookbinders, print finishers and other printing trades n.e.s.
570 Carpenters and joiners
571 Cabinet makers
579 Other woodworking trades n.e.s.
580 Bakers and flour confectioners
581 Butchers and meat cutters
582 Fishmongers and poultry dressers
590 Glass product and ceramics makers, finishers and other operatives
594 Gardeners and groundsmen/women
595 Horticultural trades
599 Other craft and related occupations
620 Chefs and cooks
650 Childminders, nursery nurses and playgroup leaders
652 Educational assistants
660 Hairdressers, barbers and beauticians
673 Launderers, dry cleaners and pressers
690 Undertakers, bookmakers and other personal service workers n.e.s.
702 Importers, exporters, commodity and shipping brokers
710 Technical and wholesale sales representatives
719 Auctioneers, estimators, valuers and other sales representatives 

n.e.s.
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Code No. Socio-economic group and occupation Employment status

H Own account workers (contd.)

720 Sales assistants, check-out operators and petrol pump attendants
731 Roundsmen/women and van salespersons
732 Market/street traders and scrap dealers
790 Merchandisers, window dressers, floral arrangers and telephone

salespersons
800 Bakery and confectionery process operatives
802 Tobacco process operatives
809 Other food and drink (incl. brewing) process operatives
810 Tannery production operatives
812 Spinners, doublers, twisters, winders and reelers
814 Other textiles processing operatives
820 Chemical, gas and petroleum process plant operatives
821 Paper, wood and related process plant operatives
824 Rubber process operatives, moulding machine operatives and tyre

builders
825 Plastics process operatives, moulders and extruders
829 Synthetic fibre and other chemical, paper, plastics and related

operatives
830 Moulders and furnace operatives (metal)
834 Electroplaters, galvanisers and colour coaters
839 Other metal making and treating process operatives n.e.s.
840 Machine tool operatives (incl. CNC machine tool operatives)
841 Other automatic machine workers, metal polishers and dressing

operatives
850 Assemblers and lineworkers (electrical and electronic goods)
851 Assemblers and lineworkers (metal goods and other goods)
860 Inspectors, viewers and laboratory testers
862 Packers, bottlers, canners, fillers, weighers, graders and sorters
872 Drivers o f road goods vehicles
873 Bus conductors and coach drivers
874 Taxi/cab drivers, chauffeurs and couriers
880 Seafarers (merchant navy), barge and boat operatives
885 Mechanical plant drivers/operatives and crane drivers
887 Fork lift truck drivers
889 Other transport and machinery operatives n.e.s.
895 Pipe layers/pipe jointers and related construction workers
897 W oodworking machine operatives
898 Mine (excluding coal) and quarry workers
899 Other plant, machine and process operatives n.e.s.
903 Fishing and related workers
923 Road construction workers, paviors and kerb layers
929 Other building and civil engineering labourers
930 Stevedores and dockers
931 Goods porters
933 Refuse and salvage collectors
955 Window cleaners and car park attendants
958 Cleaners and domestics
959 Other occupations in sales and services n.e.s.
990 All other labourers and related workers

I Farmers

160 Farm owners and managers 2 3 1,4
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Code No. Socio-econom ic group and occupation Employment status

J Agricu ltura l workers

595 Horticultural trades 1,4
900 Farm workers 1,4
901 Agricultural machinery drivers and other farming occupations 1,4
904 Forestry workers 2 3 1,4

Z All others gainfu lly occupied and unknown

000 Gainfully occupied but occupation not stated 2 3 1,4
999 All other gainful occupations n.e.s. 2 3 1,4
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07/01/2005

Re: Small for gestational age children and growth hormone therapy

D e a r ,

Children born sm all for gestational age (SGA) have increased risk o f  very short adult 
stature. The risk o f  having short adult height (<-2SD) is 7 tim es higher for those with 
reduced birth length and 5 tim es higher for those born with low birth weight. The 
m ajority o f  SGA children catch up during the first tw o years o f  life, how ever 
approxim ately 15% fail to catch up and have a high risk o f  being short as adults. 
Growth horm one therapy for short children born lU G R/SG A  has been shown to 
improve both short and long-term  height gain.

We are conducting a study, which is part o f  a European m ulti-centre study looking at 
children born SGA (32 w eeks gestation or more), at ages 4-8 years in girls, and 4-9 
years in boys. For those children who have rem ained short for parental height with 
poor height velocity, w e m ay offer growth horm one therapy.

We would be very happy to include children throughout the country in this study who 
have been born sm all for gestational age. We believe that the children who require 
growth horm one m ay greatly benefit from this therapy in term s o f  both long-term 
height and health. H ow ever there is a need for ongoing research and careful 
assessm ent in term s o f  efficacy, safety and long-term m onitoring.
If you have any patients who:

whose birth weight is less than 3'̂ '' centile (>28/40) 
are now aged between 4-9 years 
and whose current height less than centile 

and you w ish to refer them  to us we would be very happy to assess them  for 
consideration o f  grow th horm one treatment.

We attach some literature on the subject for your inform ation and if  you require any 
further details on this study, please do not hesitate to contact us.
Thank you.

Yours sincerely,

Professor Hiliary Hoey,
C onsultant Paediatric Endocrinologist

Dr Susan O ’Connell, 
Clinical Research R egistrar
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I HE ADELAIDE & MEATH 
HOSPITAL, DUBLIN
I N C O R P O R A T I N G

THE \ A T I O N A I  C H I I  f J R E N ' S  H O S P I T A  i

: : r : i l  .  -  -

PARENT INFORMATION LEAFLET

Treatment with recombinant Growth Hormone in Children 
born Small for Gestational Age (SGA) without Catch-Up 
Growth

A Randomised, multicenter, multinational trial to evaluate the safety and 
efficacy o f  Growth Hormone treati varying doses in short children born
Small For Gestational Age (SGA).

Y our child  has been invited to take part in a research study. Before you decide whether or 
not you w ish  your child  to take part, it is important for you to understand  w hy  the study is 
being carried out and w hat will be involved if  you do decide to take part. Please read this 
leaflet carefully and discuss  it with your child, friends, relatives, and your GP i f  you wish.

Ask us i f  there is anyth ing  you d o n ’t understand or i f  you w ould  like m ore information.
You will be given as m u ch  time as you need to m ake  your decision.

Thank you for thinking about your child taking part in this study.

Page  1 o f  7



W hat is the purpose o f  the study?
C hildren bom  shoit for gestational age who do not catch up during infancy have a high risk 

• o f  being short as adults. T reatm ent with growth horm one significantly increases the speed at 
w hich  they grow  and the final height that they reach.
A relatively large dose o f  grow th  horm one is used in the first year as it ensures good ‘catch 
u p ’ grow th in all but a few  children. The dose that should be used in second or subsequent 
years is less clear and it is one o f  the aims o f  this study to find out the m ost appropriate dose.

C hildren  born small for gestational age are ‘insulin resis tan t’: that is the body needs to make 
m ore  o f  the horm one insulin  to keep sugar levels normal in the blood. Grov^th horm one 
treatm ent may also cause insulin  resistance, hi previous trials o f  grow th horm one, in children 
born small for gestational age, there have been very few problem s with blood sugar, and 
where they have occurred  they have gone away w hen  treatment w as stopped. Nevertheless 
w e want to be sure o f  the safety o f  growth horm one treatment and a second aim o f  the study 
will be to carefully m onito r the effects o f  treatm ent on sugar levels in the blood.

W hy has your child been chosen?
Y our child has been chosen  to take part because he/she was born short at birth (Small for 
Gestational Age) and has not caught up during early life. It is expected that 300 children, who 
are between 4 and 9 years o f  age and who meet the criteria for treatment with growth 
horm one, will take part in this trial. The trial will be conducted in D enm ark, U K , Sweden, 
and  Ireland.

Does your child have to take part?
It is up to you to decide w hether or not your child should take part in this study. I f  you would 
prefer them not to take part in this study, you do not have to give a reason. The study doctor 
will not be upset with your decision and their future trea tm ent will not be affected in any 
way.

I f  you do decide to take part in this study, you m ay  w ithdraw  your child from the study at any 
time. Your decision to w ithdraw  will not affect their future treatment. If  you  decide to 
w ithdraw  your child from  the study, and if  your child is eligible, you may still request growth 
horm one treatment and con tinued  follow up. In addition, we will destroy your ch i ld ’s blood 
sam ples i f  you request us to do so at withdrawal. A ny sam ples not specifically asked to be 
destroyed will be kept for approxim ate ly  2 years beyond the 3 year trea tm ent period.

What will happen if I do take part?
This study will require at least two visits to the clinic per year. M ost children on growth 
horm one are seen routinely every 3-6 months.

The study will continue for 3 years and then a decision will be m ade  about what is the best 
dose o f  growth horm one to use until your child reaches adult height.

Before your child takes part . . . .
I f  you agree you will be asked to com plete and sign a consent form before your child  takes 
part.

Page 2 o f 7



The form must be signed and dated by the parent or legal representative o f  the child and also 
by the child them selves when they are old enough to make their ow n decision about taking 
part in the study. A separate information leaflet is provided for children.

You should also be aware that your childs participation in the study m ay be stopped at any 
time if  the study doctor feels it is appropriate to do so e.g. i f  there are safety concerns.

During the first year o f  the study your child will receive a relatively high dose o f  growth 
hormone. This will tell us i f  treatment with grow th hormone is suitable for your child and if it 
is appropriate for them to continue.

I f  your child responds to treatment with growth horm one in the first year they will have an 
equal chance o f  been given 1 o f  3 doses o f  grow th  hormone during the second  and third years 
o f  the study (a h igh  dose, a low dose or a dose linked to the level o f  another horm one in the 
blood called IGF-1). W hich o f  these three treatments your child receives will be decided by 
chance like tossing a coin. You and your study doctor will know  what dose your child is 
taking during the study.

What (Joes your child have to do at each visit?
This is a long-term  study with four visits per year until treatment with grow th  horm one is 
stopped.

At your first visit, which will last no longer than a routine clinic appoin tm ent,  you will be 
asked to fill in a form and answ er a few simple questions about your ch i ld ’s birth weight and 
early  growth. At each routine visit, your ch i ld ’s height, weight and growth will be measured. 
H e/she will also undergo a routine clinical examination. At the end o f  each year, there will be 
a routine X-ray  o f  one o f  your ch ild ’s wrists.

What other procedures are involved?
A sum m ary  o f  procedures is provided below.

Visits
A p p o in tm e n t  du ra t io n  / 

t im e
T rea tm en t Tests

■At Basel ine 15 m in u te s
H igh G ro w th  H o r m o n e  

dose

• B lo o d  sa m p le  and 
G lu c o s e  test

• G H  tes t  ( i f  n o t  
a l r e a d y  do n e )

• W ris t  X-ray
• D X A  scan

15 m in u te s • F in g e r  prick  test+ 6 m o n th s

At 1 Y e a r E arly  m o rn in g O n e  o f  three  g ro w th  
ho rm one  do ses

• B lo o d  s a m p le  and 
G lu c o s e  test

• W r is t  X -ray
• D X A  scan

15 m in u te s • F in g e r  prick  test-  6 m on tl is

At  2 Y ea r s E ar ly  m o rn in g
• B lo o d  sa m p le  and 

G lu c o s e  test 
» W ris t  X -ray
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15 m i n u t e s • F i n g e r  p r i c k  testT 6 m o n t h s

At 3 Years E a r l y  m o r n i n g

• B l o o d  s a m p l e  a n d  

G l u c o s e  t es t

•  W r i s t  X - r a y

•  D X A  s ca n

D e c i s i o n  a b o u t  w h a t  g r o w t h  h o r m o n e  d o s e  to  c o n t i n u e  w i t h  unt i l  f inal  h e i g h t

What procedures are additional to routine?

Procedure Description
Tim e estimate for 

procedure

Glucose test 
(Baseline and annually)

and

DNA sample 
(Baseline only)

Glucose solution given as a 
sugary drink or injected into a 
vein and blood samples taken 

over a defined period.

DNA extracted from blood 
sample

10 -  60 minutes

Measurement of  IGF-I levels 
(2 times per year)

Finger prick test 5 minutes

DEXA scan 
(Baseline, every 2 years)

Whole body X-ray to determine 
bone density 40 minutes

D X A  Scan
A D X A  scan is a type o l 'x -ray  vvhicli can tell the difference between bone and soft tissue and 
which gives an accurate m easure  o f  the th ickness o f  the bone. Your child will be asked to lie 
still on a padded table w hilst they have the scan.

G lucose test
Y our child will be asked to com e to the clinic not having eaten or drunk anything o ther than 
w ater from 10 pm  the previous evening. H e/she will be asked to drink a glucose drink and 
blood  samples will be taken  at intervals over a set time period. These are sim ple tests o f  your 
ch i ld ’s insulin sensitivity. O n alternate years (Y ear 1, 3) this will be changed to a short test 
where the glucose is g iven  into a vein (IVGGT). At the end o f  each test a snack will be 
provided before you go hom e.

What happens after 3 years?
A fter 3 years w e will be in a position  to look at the responses to treatment and determ ine the 
‘best dose’ for children born  short for gestational age to be given, in order to achieve best 
growth. I f  your child has been given a dose during the first 3 years o f  the study w'hich is 
different from that de term ined  ‘b es t’, we will change the dose accordingly.

What happens to the blood samples?
The blood sam ples will be used to m onitor horm ones affected by grow th ho rm one and check 
the normal b iochem istry  in the blood. A genetic sample will be taken at the beginning  (this 
will be taken from the 15-20 ml blood sample). Genes are the building blocks that determine 
the colour o f  ou r  hair, eyes etc and they m ay also determ ine how  well a child  responds to 
grow th  horm one. The sam ple  will only be used to study genes related to grow th  and we will
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not be doing any o ther ‘genetic tes ts ’ . We are simply looking to see i f  there are any genes 
which m ight a ffec t  growth. The individual results will not be fed back  to you, although we 
will try to keep y o u  inform ed o f  the success o f  our studies. The genetic sample will be kept 
for 2 years beyond  the end o f  the 3-year study period and will then be destroyed.

What else will your child have to do?
During the study  you  will be required to follow the study doc to r 's  instructions. At every visit 
you will be asked  i f  your child has taken any tablets or m edicine since their  last visit or if  you 
have changed the dose o f  any m edicine  they are already taking.

What are the side effects of  taking the treatment?
Side effects o f  g row th  ho rm one treatm ent are very rare during childhood. The most 
frequently o ccu rr ing  side effects o f  growth horm one are fluid retention, headaches and joint 
and muscle so reness ,  but these are very rare in childhood. Your child  m ay also experience 
discomfort at the site o f  injection. Leukaem ia has been reported in a very  small num ber o f  
growth h o rm o n e  defic ien t patients som e o f  w hom  were treated w ith  g row th  hormone. 
However, based on curren t international data there is no increased risk o f  developm ent o f  
leukaemia or m al ig n an cy  during growth horm one treatment. Your child  will be carefully 
m onitored at each  visit and  by undergoing the protocol assessment. Please let the study 
doctor know  i f  y o u  experience any problems.

What are the possible disadvantages and risks of  taking part?
• Y our ch ild  m ay be asked to visit the hospital more frequently  for this study.

• Y our ch ild  m ay  feel som e discomfort or bruising after the needle  is rem oved when 
taking b lood  samples.

The D X A  scans and  X -R ays  are painless. The X -R ay doses your ch ild  will be exposed to are 
extremely low  and  s im ilar to that received on a long distance airplane flight.

If any new  in fo rm ation  becom es available during the trial i.e. in form ation  w hich  could be 
important to y ou  and /or affect your willingness for your child  to con tinue  in the study, it will 
be given to you  as soon as possible.

What are the possible benefits of  taking part?
It is likely that all but a very  few o f  the children will grow well during  the first year o f  
treatment. G ro w th  in subsequen t years may well depend on  which  dose  is being used. We 
should k n o w  the answ er after all o f  the children have had 3 years o f  trea tm ent and w e will 
advise you then  on  the best dose to continue.

What are my child’s alternatives?
If  you did not w a n t  to partic ipate  in the study, and it was appropriate  for your child to receive 
growth h o rm o n e  trea tm en t it w ould  be given probably  using a slightly  low er dose in the first 
year and then  co n tin u in g  with a dose your consultant thought appropriate . M onitoring would 
depend on  the consu ltan t  but national guidelines recom m end som e checks on blood sugar, 
bone age X -ray s  and regular  fo llow  up.

What if something goes wrong?
The grow th  h o rm o n e  p rov ided  for this study is supplied by the pharm aceu tica l  com pany also 
providing a re sea rch  grant to support the study (Novo Nordisk A /S) and they carry product
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liability for their products. This m eans that i f  products from Novo Nordisk  cause bodily 
injury, legal liability will usually  exist unless others have show n negligence. In addition, each 
investigator will carry their o w n  insurance.

Who is organising and funding the research?
The study is being organised  by the Department o f  Paediatrics, Trinity College, National 
C h ild ren ’s Hospital Tallaght, in collaboration with colleagues in Europe. A research grant has 
been given to the group by N ovo  Nordisk  A/S to run the study but none o f  the investigators 
nor your local consultant will be paid. We will be able to reim burse carers for travel costs, 
but no other paym ents will be made.

Who has reviewed the study?
T he study has been rev iew ed by the Local Research Ethics Com m ittee  o f  the hospital with 
w hich  your study doctor is associated, who have decided that he/she is suitably qualified and 
has time to devote to conducting  the study.

Will my childs taking part in this study be kept confidential?
If  you participate in the study your child will be given a unique num ber which will be used on 
all the blood samples, results etc and will be the only identifier used by the laboratories and 
statisticians analysing the inform ation.

Inform ation about your child will be given the usual confidentiality  that all patients can 
expect. W hen publishing the results from the trial the confidentiality  o f  the children will be 
respected  and the identity o f  any patient taking part in the study will not be given in any 
published  report. I f  you are interested, the study doctor will be able to tell you the results o f  
the study at a later stage. He can also give you details o f  where they m ay be published.

If  you agree to take part, your GP will be informed, with j 'our permission.

Other issues if my child takes part
I f  you decide to participate in this study, you w'ill be asked to sign and date this Informed 
C onsent Form  indicating that you have been given information about the trial and you freely 
and  voluntarily agree for your child to take part.

Contact  for Further Information

For further information, or in case o f  em ergency, your study doctor or nurse can be contacted
as detailed below:

Doctor: Dr Susan O ’Connell

Telephone number: 01-6083763/01-4142000

Nurse: Research Nurse Elaine  

Telephone number: 01-6083763/ 01-4142000
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THE ADELAIDE & MEATH 
HOSPITAL, DUBLIN
INCORPORATING
THE NATIO NAL CHILDREN'S HOSPITAL

FALLAGHT J-(, iE LA 'N n

Child Information Leaflet 
(4 -9  years)

A Study O f Growth Hormone Treatment

Why we need your help
You are about to s ta r t Growth hormone treatm ent and we 
this will improve your growth over the next year. You will 
probably stay on growth hormone until you stop growing and 
the doctors who are running the study want your help to 
answer two questions:'

• How much growth hormone should be given to children 
like you a fte r the f i r s t  year of treatment?

• Will the growth hormone you take a ffe c t the levels of 
sugar in your blood?

How to answer these questions
Along with 300 other children, we are asking you to take part 
in a research study. This means we will see you a lit t le  more 
often in the clinic and each year ask you i f  you would agree to 
an extra blood tes t and X-ray.

W hat will happen if you take part?
A t the end of 1 year's treatm ent with growth hormone we will 
put some children on big doses and others on lower doses of 
growth hormone to see which dose is best fo r  growth. This will 
be decided by chance, like tossing a coin. You and your parents 
will know what dose you are taking. A t the end of 3 years, 
everyone will be given the 'best' dose of growth hormone. This 
will be decided fo r you by looking at which children grew best 
on which dose.
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A t the beginning, and every year during the study, we will ask 
you to give a blood sannple (15-20 ml or 3-4 teaspoonfuls). I t  
needs to be taken early in the morning before you hove had 
your breakfast. The te s t will be taken a fte r you have been 
given a sugary drink. Once the tes t is over we will give you 
something to eat.

The other extra  thing is a special kind of X-ray, called a DEXA 
This involves lying very s till on a couch while your picture is 
taken. A fte r  the scan, you get to see a photograph of your 
skeleton.

What happens to the blood test?
The blood you give will be used to check the levels of sugar in 
your blood. I t  will also be used to find out whether the way you 
grow is related to your parents, jus t the same way the colour 
o f your hair or eyes can often come from your parents. A t the 
end o f the study, your blood sample will be destroyed.

C)o I  have to take part?
I t  is up to you and your parents to decide. I f  you decide not to 
take part tha t is OK, nobody will be upset with you and your 
treatm ent will not be affected. Your parents will then discuss 
with the study doctor in the clinic whether you s till want to 
have growth hormone.

I f  you decide to help with the study and get fed up with it, you 
can stop at any time. I f  you decide to stop and want your blood 
sample to be destroyed, we will do this fo r you.

Are there any risks?
Growth hormone is very safe, but we will be watching things 
very carefully during the study. You must te ll your parents and
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the study doctor i f  you notice anything unusual or feel ill 
during treatment.

What if something goes wrong?
I f  anything happens to you which could be because of the 
growth hormone you are taking, the drug company who make 
growth hormone, Novo Nordisk, will provide compensation 
according to the ir guidelines. The study doctor will also have 
his/her own standard Insurance cover in case something goes 
wrong. You should te ll your parents stra ight away if  there is a 
problem and they will contact the study doctor Immediately.

Who can I  contact for further Information?
I f  you have any questions please contact the study doctor or 
nurse. They will be happy to help you.

Please contact: Dr Susan O’Connell
susan.oconnell@tcd.ie
Telephone:
01 6083763/4142000

/Alternatively, you can contact the following address:

Adelaide and Meath 
Hospitals incorporating the 

National Children’s Hospital, 
Tallaght, Dublin 24

Phone: 01-4142000, ask to 
speak with the research 

doctor or research nurse in 
the Department of 

Paediatrics

Thank you for taking the time to read this.
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The North European SGA Study (NESGAS) PROTOCOL May 05

PARENT CONSENT FORM

Title o f Project: Treatm ent with recom binant Growth Hormone in Children bom  Small for 
Gestational Age (SGA) w ithout Catch-up Growth

Study Centre: N ational Children’s Hospital, Tallaght, Dublin 24, Ireland

Patient Identification Num ber for this trial:

Name of Researcher:

Please initial box

1. I confirm that I have had at least 24 hours to read and 
understand the information sheet dated May 05 for the above 
study and have had the opportunity to ask questions and/ or 
have read the separate patient information leaflet.

Parent

□
2. I understand that my child’s taking part in the study is entirely 

my decision and that I am free to withdraw them at any time 
without giving any reason and without my child’s medical care 
or legal rights being affected.

□
3. I understand that some o f my child’s medical notes may be 

looked at by monitors, auditors and responsible individuals 
from regulatory authorities where it is relevant to my child’s 
participation in research. I give permission for these 
individuals to have access to my child’s medical records.

4. I have had sufficient time to come to my decision and agree 
that my child may take part in the above study.

5. I give consent that my child’s GP may be contacted and access 
given to my m edical notes held by this person.

6. I agree to the additional blood tests required for this study.

7. I agree to a blood sample being collected for the study o f 
genes involved in the response to growth hormone.

8. Please destroy m y child’s blood sample at the end o f the study.

□

□
□
□
□
□
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9. I agree that data about my child relating to this study may be
sent to countries that do not have the same data protection | [
laws as those in Ireland, but understand that this information 
will be treated with the strictest confidence, and only 
accessible to study group members.

Name of Patient

Name of Consent Giver (Parent/ Legal Guardian) Date

Signature of Consent Giver (Parent/ Legal Guardian)

Name of Person taking consent Date
(if different from researcher)

Investigator Signature

1 copy for parent/legal guardian 
1 copy to be kept with hospital notes 
1 copy for case record file
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IGF-I Reference Ranges (Royal Surrey Hospital,Guildford 2001)

Age Group 
(years)

Reference Range (nmol/L) 

New Old
0-6 4 - 2 0 (2.5-20.0)

7 - 9 7 - 4 0 (4.5-37.5)

10 1 2 - 5 0 (7.0-50.0)

11 1 7 - 6 0 (8.5-60.0)

12 2 0 - 8 5 (10.0-75.0)

13 2 3 - 9 0 (11.5-75.0)

14-16 3 0 - 9 0 (13.0-75.0)

17-20 2 3 - 7 0 (12.5-67-5)

21-40 1 3 - 5 0 (9.5-45.0)

41-60 9 - 4 0 (7.5-30.0)
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APPENDIX XIII IVGTT PRE GH TREATMENT

Intravenous Glucose Tolerance Tests -  Pre GH Treatment (N =  13)

Insu lin  (pm ol/L ) G lucose (m m ol/L )

P a tien t -10 -5 0 +1 +3 +5 +10 -10 -5 0 +1 +3 +5 +10

1 9.5 H 11.0 82.0 73.0 74.9 54.6 4.1 3.8 3.9 17.0 16.4 14.8 13.2

2 36.6 14.7 H 154.0 44.0 150.0 164.0 4.8 4.9 6.3 20.9 18.7 17.0 15.3

3 15.0 15.9 13.4 380.0 237.0 191.0 64.6 4.2 4.2 4.5 18.1 14.9 14.0 10.7

4 14.9 6.6 11.6 150.0 125.0 102.0 60.0 4.2 4.0 4.3 16.7 14.4 13.2 11.2

5 7.0 13.4 7.5 294.0 201.0 172.0 108.0 3.8 4.2 4.2 17.6 15.1 13.1 11.5

6 13.1 9.0 16.4 413.0 248.0 178.0 129.7 4.2 4.5 4.6 17.6 14.9 13.1 11.0

7 19.2 13.2 14.7 121.0 78.5 66.2 53.9 4.4 4.1 4.1 13.4 13.1 12.7 11.0

8 7.1 9.9 13.0 379.0 339.0 199.0 196.0 4.3 4.1 4.3 15.8 14.9 13.1 10.4

9 H 3.2 10.3 286.9 267.0 215.5 164.0 4.6 4.7 4.6 17.3 15.3 13.8 11.8

10 H H 14.8 253.0 144.0 102.0 52.5 4.3 4.3 4.4 15.1 12.9 11.6 9.3

11 H H 15.1 H H H 116.0 4.7 4.6 5.2 16.1 14.9 14.1 11.6

12 12.6 9.6 20.8 107.0 62.2 57.0 60.8 4.1 4.2 4.2 18.8 14.3 12.7 11.4

13 40.5 38.3 31.6 435.0 297.0 251.0 165.0 4.9 4.8 4.3 16.3 15.1 14.4 12.0

H = Sam ple w as haem olysed
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APPENDIX XI IVGTT FOLLOWING ONE YEAR OF GH TREATMENT

Intravenous Glucose Tolerance Tests -  Following 1 Year o f GH (N =  9)

Insu lin  (pm ol/L ) G lucose (m m ol/L )

P atien t -10 -5 0 +1 +3 +5 +10 -10 -5 0 +1 +3 +5 +10

1 92.7 74.3 77.8 484.0 403.0 334.0 324.0 5.2 5.2 5.1 18.3 16.7 15.5 13.4

2 59.7 H H 758.0 544.0 455.0 245.0 4.8 4.7 4.8 16.4 15.4 13.7 10.1

3 42.1 46.1 43.8 665.0 518.0 371.0 154.0 4.5 4.5 4.6 13.6 12.8 11.6 7.5

4 H 13.0 9.8 H H 131.0 74.2 3.8 3.8 3.8 16.7 14.1 12.9 10.8

5 60.2 58.6 79.7 909.0 707.0 665.0 389.0 4..8 4.8 4.9 19.7 16.3 13.7 10.6

6 16.0 H 7.5 H H H H 3.9 3.7 3.6 18.2 16.7 15.1 12.5

7 26.9 22.8 24.4 252.0 151.0 134.0 98.9 4.5 4.4 4.4 17.1 15.0 14,0 12.1

8 31.0 24.5 30.0 419.0 265.0 237.0 158.0 4.7 4.7 4.6 16.7 15.5 13.7 11.5

9 99.3 98.0 84.0 570.0 475.0 423.0 342.0 5.5 5.5 5.3 15,9 14.6 14,5 11.9

10 P P P P P P P 5.0 4.9 4.7 12.0 11.0 10.3 9.7

H = S am ple w as haem olysed ; P = P ending



7i:rnj



APPENDIX XIV



-y, • am “■ ■ S  ■; '•{<•
■ . '  • TT' ^ • . I •

I . .V ‘
. /  S - . - '  ' •  >

. ’ -■'I



H bA lc (%) levels over course of treatment (months)

Patient 0 3 6 9 12 15 18 21 24 27 30

1 5.4 5.6 5.9 5.6 5.1 6.0 5.9 5.5 5.7 5.5 5.9

2 5.5 5.6 5.9 5.9 5.9 6,0 5,6 5.6 5.9 5.7 5,9

3 5.5 5.7 5.5 6.0 5.4 5.9 5.5 5.7 5.3 6.1

4 5.5 5.4 5.9 5.2 6.0 5.9 5.8 5.6 6.1

5 5.0 5.5 5.4 5.3 5.1 5.1 5.4 5.5 5.6

6 5.1 5.2 5.3 5.0 5.3 5.2 5.0 4.9 5.1

7 5.9 5.9 6.2 6.0 5.9 5.8 5.6 5.8 6.3

8* 5.4 5.5 5.9 5.4 5.6 5.5 5.5

9 5.6 5.1 5.3 5.2 5.5 5.3

10 4.7 5.1 5.5 5.2 5.1

11 5.5 5.6 5.6

12 5.5 5.7

13 5.7 6.0

16 5.4 5.4 5.6 5.4 5.4 5.4 5.4 5.7 5.5

17 5.5 5.5 6.1 5.5 5.7 5.5 6.0 6.0 6.2
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IGF-1 Levels at baseline, and following one and two years of GH treatment

Patient Age

Start

GH

Ht

SDS

Baseline

IGF-1

(ng/1)

Baseline

IGF-1

SDS

1-Yr

IGF-1

1-Yr

IGF-1

SDS

2-Yr

IGF-1

2-Yr

IGF-1

SDS

1 9.9 -4.8 163 -0.78 378 1.58 314 0.36

2 9.9 -3.4 208 -0.15 430 2.09 574 2.37

3 6.6 -3.5 152 -0.81 266 0.59 391 1.80

4 5.5 -3.1 80 -1.21 309 1.73 N/A 1.99

5 7.9 -2.0 92 -1.52 276 0.70 N/A 2.62

6 4.7 -4.5 23 -2.56 189 0.63 N/A -0.51

7 7.0 -2.8 186 0.02 365 1.55 N/A N/A

8 5.7 -2.5 107 -0.68 265 1.25 N/A N/A

9 7.2 -2.5 182 -0.07 320 1.25 N/A N/A

10 7.0 -3.4 90 -2.05 N/A N/A N/A N/A

11 4.0 -3.8 111 0.15 N/A N/A N/A N/A

12 4.9 -2.7 80 -0.90 N/A N/A N/A N/A

13 5.6 -3.4 128 -0.90 N/A N/A N/A N/A

14 N/A -2.6 105 -0.39 N/A N/A N/A N/A

15 7.1 -2.9 74 -0.88 N/A N/A N/A N/A

16 11.6 -2.6 153 -1.36 366 0.26 531 0.29

17 12 -3.7 327 0.48 574 1.04 375 -0.63

18 N/A -3.1 113 -1.78 N/A N/A N/A N/A



'.'■ ' ■' . " ■ '  ’ ' ’ f

.1 ' ‘V' r'fT''̂ ^/,:



APPENDIX XVI





D elay in bone age as assessed at baseline (N =  20), after 1 year (N  =  12) and after 2 

years (N = 9) GH treatment

Baseline 1 Year 2 Year

Patient Age* HtSDS CA BA CA BA CA BA

1 9.9

O
O1 119 60 132 84 144 108

2 9.9 -3.4 119 72 132 90 144 108

3 6.6 -3.5 79 47 93 58 103 94

4 5.5 -3.1 64 60 79 72 91 84

5 7.9 -2.0 90 84 108 108 120 120

6 4.7 -4.5 57 36 69 60 81 72

7 7.0 -2.8 84 60 96 84 110 96

8 5.7 -2.5 66 42 81 57 N/A N/A

9 7.2 -2.5 81 72 98 83 N/A N/A

10 7.0 -3.4 77 48 96 54 N/A N/A

11 4.0 -3.8 42 42 N/A N/A N/A N/A

12 4.9 -2.7 54 48 N/A N/A N/A N/A

13 5.6 -3.4 78 39 N/A N/A N/A N/A

16 1 1 . 6 -2.6 137 120 150 144 163 156

17 12 -3.7 143 105 156 120 168 132

14t N/A -2.6 71 71 N/A N/A N/A N/A

15t 7.1 -2.9 75 54 N/A N/A N/A N/A

18t N/A -3.1 79 58 N/A N/A N/A N/A

19t N/A -3.4 70 54 N/A N/A N/A N/A

2 0 t N/A -2.2 26 12 N/A N/A N/A N/A

HtSDS =  Height SDS; CA = Chronological Age; BA = Bone Age 
*Age at start o f GH treatment if applicable 
CA & BA expressed in months 
t  Patients not yet treated with GH
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DXA findings on G H  treated  patients a t baseline (N = 13) and 1 y ear (N = 12)

Patien t Baseline

LBM

(kg)

1 Year 

LBM  

(kg)

Baseline

BM C

(kg)

1 Y ear 

BM C 

(kg)

Baseline

BM D

(g/cm2)

1 Y ear 

BM D 

(g/cni2)

1 N/A 16.17 N/A 0.67 N/A 0.77

2 N/A 25.18 N/A 1.04 N/A 0.90

3 N/A 13.45 N/A 0.54 N/A 0.72

4 9.28 15.11 0.25 0.65 0.83 0.82

5 18.98 25.86 0.79 1.02 0.85 0.87

6 8.43 10.37 0.33 0.39 0.72 0.73

7 12.45 16.54 0.59 0.73 0.84 0.86

8 11.02 14.76 0.47 0.95 0.80 0.77

9 13.81 16.9 0.60 0.74 0.79 0.81

10 11.79 16.55 0.50 0.65 0.81 0.81

11 6.94 N/A 0.28 N/A 0.71 N/A

12 9.82 N/A 0.42 N/A 0.77 N/A

13 9.99 N/A 0.44 N/A 0.79 N/A

14 12.81 N/A 0.60 N/A 0.78 N/A

15 14 N/A 0.58 N/A 0.83 N/A

16 N/A 27.33 N/A 1.17 N/A 0.89

17 15.78 21.76 0.56 1.01 0.87 0.90


