
 

 

http://researchspace.auckland.ac.nz
 

ResearchSpace@Auckland 
 

Copyright Statement 
 
The digital copy of this thesis is protected by the Copyright Act 1994 (New 
Zealand).  
 
This thesis may be consulted by you, provided you comply with the 
provisions of the Act and the following conditions of use: 
 

• Any use you make of these documents or images must be for 
research or private study purposes only, and you may not make 
them available to any other person. 

• Authors control the copyright of their thesis. You will recognise the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

• You will obtain the author's permission before publishing any 
material from their thesis. 

 
To request permissions please use the Feedback form on our webpage. 
http://researchspace.auckland.ac.nz/feedback
 

General copyright and disclaimer 
 
In addition to the above conditions, authors give their consent for the 
digital copy of their work to be used subject to the conditions specified on 
the Library Thesis Consent Form. 

http://researchspace.auckland.ac.nz/
http://researchspace.auckland.ac.nz/feedback


 
 
 
 

Factors Associated with Cognitive Ability in 
Middle Childhood 

 
 

Volume 1 
  

 
 
 
 
 
 

Reremoana Farquharson Theodore 
Department of Paediatrics, University of Auckland 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
A thesis submitted in partial fulfilment of the requirements for the Degree 
of Doctor of Philosophy, The University of Auckland, 2008 



 ii

Abstract 

There has been considerable debate among cognitive psychologists and epidemiologists 

regarding which determinants of children’s intelligence are most important.  Factors 

such as children’s diet, maternal stress and social support are important for general 

health and wellbeing, but have received little research attention in longitudinal studies 

involving cognitive outcomes.  Few studies have examined the determinants of 

intelligence in children born small-for-gestational age (SGA) at term even though these 

children may be particularly vulnerable to poorer postnatal environments.  The aim of 

this study was to identify factors associated with cognitive ability in middle childhood 

in New Zealand (NZ) European children and children born SGA.    

The present research was conducted as part of the Auckland Birthweight Collaborative 

(ABC) study.  Approximately half of the children in this study were born SGA 

(birthweight<10th percentile) and half were born appropriate-for-gestational age 

(AGA=birthweight>10th percentile).  Information was collected from mothers and 

children on pregnancy, obstetric, socio-demographic, postnatal and dietary factors when 

the children were born (n=871), at one year (n=744), 3.5 years (n=550), and 7 years of 

age (n=591).  Cognitive ability was assessed at 7 years using the Wechsler Intelligence 

Scale for Children – Third Edition.  For the total sample, the analyses utilised weighting 

to allow for the disproportionate sampling of children born SGA. 

Results showed that SGA and AGA children did not differ in intelligence at 7 years.  

Factors associated with intelligence included maternal pregnancy factors (e.g. 

hypertension), socio-demographic factors (e.g. paternal education), and postnatal factors 

(e.g. maternal social support).  In general, the effects of environmental factors did not 

differ significantly for SGA children compared with AGA children. 

A number of dietary factors were also found to be significantly and positively 

associated with intelligence measures including higher intakes of breads and cereals and 

weekly fish consumption.  In contrast, daily margarine consumption was associated 

with significantly lower intelligence scores, particularly in SGA children, and this is the 

first study to report this association.  
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Dietary and “environmental” factors were stronger predictors of children’s intelligence 

in middle childhood than “biological” factors, such as infant’s birthweight.  

Importantly, most of the factors associated with intelligence that were identified in this 

study are potentially modifiable.  Further research is needed to examine whether these 

factors continue to be associated with cognitive ability in later childhood.   
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1 Introduction 

1.1 Background and Aims 

Since the development of intelligence tests early last century, there has been much 

research on the determinants of children’s intelligence.  Certain factors such as gender, 

have received a lot of research attention, whereas factors, such as maternal stress and 

social support have received less attention and studies in these areas have focused 

mainly on preschool children.  Even less is known about the association between 

children’s diet and intelligence due, in part, to a lack of research examining children’s 

overall dietary patterns.  This is despite the fact that studies in developing countries 

suggest that nutrition is particularly important for children’s cognitive development. 

More recently, researchers have focused on the impact of the prenatal environment, 

particularly, the importance of children’s birthweight and events in utero in relation to 

later developmental and health outcomes.  Studies have found that children who are 

born small have significantly poorer intellectual functioning compared to their normal 

birthweight peers.  Most studies have focused, however, on children born preterm (less 

than 37 weeks gestation).  Less is known about children who are born small but at term. 

Research that has examined the association between intelligence and term small-for-

gestational age (SGA) birth has been inconclusive, with studies often suffering from 

small sample sizes and inadequate control of potential confounders.  Furthermore, few 

studies have examined factors associated with the intelligence of term SGA children, 

even though children who are born small may be particularly vulnerable to poorer 

socioeconomic and family environments.  Research is therefore needed to examine 

whether the quality of the postnatal environment of SGA children may mitigate or 

attenuate the impact of their small size at birth. 

Earlier research in this area has generally been problematic for a number of reasons.  

For example, researchers investigating the determinants of children’s intelligence have 

often used cross-sectional study designs or have not collected important pregnancy or 

postnatal information.  Longitudinal studies that follow children from birth, or monitor 

mothers during pregnancy, enable researchers to examine the influence of both prenatal 

and postnatal factors on children’s intelligence.  Another benefit of longitudinal 
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research is that these studies often collect a large range of data that can be examined as 

both determining factors of developmental outcomes as well as potential confounders.     

Identifying the determinants of children’s intelligence during the primary school years 

is important for a number of reasons.  Firstly, certain factors such as children’s diets are 

potentially modifiable.  Secondly, childhood intelligence has been negatively associated 

with a number of later adverse outcomes including delinquency and poorer health 

outcomes such as cardiovascular disease and premature mortality.  Thirdly, children’s 

intelligence in middle childhood predicts later academic achievement in adolescence 

and adulthood.    

For these reasons, the aims of the present study are: 

1. To examine pregnancy, postnatal, socioeconomic and family factors associated 

with general, verbal and non-verbal intelligence in New Zealand (NZ) European 

children at 7 years of age. 

2. To examine factors associated with intelligence in term SGA children at 7 years 

of age. 

3. To investigate whether the intelligence of SGA children born at term is 

significantly lower than intelligence in children born appropriate-for-gestational-

age (AGA) at term.  

4. To examine whether the influence of environmental factors on intelligence differ 

for SGA children compared with their AGA peers. 

5. To describe children’s dietary patterns and examine whether these patterns are 

significantly associated with intelligence in both the total sample of children and 

in the SGA group of children. 

The present research is part of the larger Auckland Birthweight Collaborative (ABC) 

study.  Earlier research with the ABC study data has included the investigation of risk 

factors associated with SGA birth (Mitchell et al., 2004; Mitchell et al., 2002; Pryor et 

al., 2003; J. M. Thompson et al., 2001) and factors related to atopic dermatitis in 

preschool children (Purvis et al., 2005).  In addition, placental research, including 

research on the epidemiology of placental infarction, has been undertaken with this 
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cohort (Becroft, Thompson, & Mitchell, 2002; Becroft, Thompson, & Mitchell, 2004, 

2005). 

Research at the ABC study has also been conducted examining the determinants of 

development delay at 1 year and intelligence at 3.5 years (Slykerman, 2005; Slykerman, 

Thompson, Becroft et al., 2005; Slykerman, Thompson, Pryor et al., 2005).  Research 

by Slykerman and colleagues used factors collected at birth, 1 year and 3.5 years to 

identify the determinants of preschool intelligence in the total sample of NZ European 

children and the SGA group of children.  This research did not, however, examine the 

impact of dietary patterns on children’s intelligence.  Nor did the research examine 

statistically whether the influence of factors associated with intelligence differed 

significantly between SGA children and AGA children.  The current study examined 

not only factors collected during the preschool period but also the importance of 

environmental factors in middle childhood in relation to IQ.  Furthermore, compared 

with infancy and preschool measures of cognitive ability (e.g. the Bayley Scales of 

Infant Development) (Bayley, 1993), IQ measures taken in middle childhood are 

considered to be better predictors of later achievement.  Measures of preschool 

intelligence, including general intelligence as measured by Total IQ, are also considered 

to be less reliable than intelligence measured during the primary school years. 

1.2 Terminology 

Throughout the present study, terms are defined where appropriate.  However, the 

following section will briefly define a number of key terms that are used throughout this 

thesis.  Firstly, small-for-gestational-age (SGA) is used to define children who are born 

at less than, or equal to, the sex-specific 10th percentile for gestational age.  Secondly, 

appropriate-for-gestational age (AGA) is used to define children who are born weighing 

more than the sex-specific 10th percentile for gestational age. 

The terms intellectual functioning, cognitive ability and ability are used interchangeably 

in this thesis to describe children’s intelligence.  Intelligence has been defined as an all-

round mental ability (Harre & Lamb, 1983).  Measures of intelligence have also been 

described as principal instruments in the study of cognitive ability (Carroll, 1993).  In 

Chapter Three definitions of intelligence and IQ are discussed.  The terms cognition, 

cognitive development and middle childhood are defined in Chapter Four.  In brief, the 
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years of middle childhood are approximately between the ages of 6 and 12 years.  In 

this thesis, the terms general, verbal and non-verbal intelligence are used to describe 

full-scale or total IQ, verbal IQ and performance IQ, respectively. 

Research reviewed in Chapter Two focuses on standard measures of intelligence and 

also verbal and language measures.  Studies of children’s motor abilities (e.g. fine and 

gross motor skills), information processing skills, and tests of executive function are 

also discussed where applicable.  The information processing approach and the term 

executive function are defined and described in Chapter Four.  The term achievement is 

used in this thesis to describe academic achievement, including skills such as reading 

and mathematical ability as well as overall achievement measures (e.g. the number of 

years of completed schooling).     

1.3 Structure of the Thesis 

Chapter Two contains a literature review of the factors associated with intelligence that 

are examined in the present study.  These factors include prenatal, obstetric, postnatal, 

environmental and dietary factors. 

Chapter Three examines theories of intelligence, including the history of intelligence 

testing, definitions of intelligence and IQ and the limitations of IQ testing. 

Chapter Four begins by defining middle childhood, cognition and cognitive 

development.  Key cognitive developmental theories and research are then briefly 

described. 

In Chapter Five the study’s methodology is presented including information on the 

study participants and the various study phases.  Independent (predictor) variables used 

in the study are explained.  Information is then given regarding the two main outcome 

measures used; the Stanford Binet Intelligence Scale – Fourth Edition, and the Wechsler 

Intelligence Scale for Children – Third Edition (WISC-III).  Included in this chapter is a 

study of the inter-rater agreement between the examiners of the WISC-III at the 7 year 

phase of the study. 

Study results are presented in Chapter Six, beginning with a description of the families 

who participated at 7 years.  Descriptive intelligence results are then presented.  
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Differences between the intelligence scores of SGA and AGA children are reported.  

Factors found to be associated or not associated with intelligence at 7 years are 

described for the total sample of children and then for the SGA group. 

Chapter Seven contains a discussion of the overall results.  In Chapter Eight the overall 

conclusions, study implications and possible future research directions are summarised.     
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2 Review of Factors Associated with Intelligence 

This review chapter focuses on factors associated with children’s cognitive 

development and intelligence.  Although there are numerous factors that have been 

studied in relation to children’s cognitive development and intelligence, the factors 

reviewed in this section are specific to those studied in this thesis.  Included in this 

review chapter are pregnancy and obstetric factors, socio-demographic factors, family 

factors and dietary factors. 

2.1 Small-for-gestational Age (SGA) 

The section will begin by defining small-for-gestational age (SGA) and other 

terminology related to birth outcomes.  Studies that have examined the association 

between being born SGA and children’s cognitive development and intelligence will 

then be reviewed. 

2.1.1 Defining SGA and Related Birth Outcomes 

Until the 1960s the terms low birthweight (LBW) and premature were used to describe 

babies who were born small (Wilcox, 2001).  Presently, babies are no longer defined as 

premature solely on the basis of birthweight, as babies born LBW are not necessarily 

born too early.  A baby is now defined as being LBW if they weigh less than 2500 

grams at birth (World Health Organization, 2004a).  Normal birthweight (NBW) is 

defined as being equal to, or greater than 2500 grams.  The word preterm has now 

replaced the word premature in paediatric literature and refers to babies born before 37 

weeks of gestation.  The most common definition of small-for-gestational age (SGA) is 

a birthweight below the 10th percentile based on gestational age (Lin & Evans, 1984).  

Therefore babies born appropriate-for-gestational-age (AGA) have birthweights equal 

to, or above the 10th percentile for gestational age. 

The term intrauterine growth retardation (IUGR) refers to retarded foetal growth and 

requires long-term measures of intrauterine growth (Henriksen, 1999).  In comparison, 

SGA is a size parameter that does not always reflect foetal growth retardation 

(Henriksen, 1999).   However, SGA is often used in epidemiological studies as a proxy 
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for IUGR because measuring foetal growth can be difficult and prenatal measures are 

not always available (Clausson, Gardosi, Francis, & Cnattingius, 2001). 

Some studies have used ponderal index (PI) to examine the severity of IUGR.  Ponderal 

index is the weight of a baby divided by the cube of its length (Rohrer, 1921).  Babies 

with low PI (LPI) are described as having asymmetrical growth, while babies with an 

average PI (API) are defined as having symmetrical growth.  Asymmetrical IUGR 

compared with symmetrical IUGR is considered to be associated with foetal growth 

restriction in late pregnancy (Markestad et al., 1997).  There has been debate about the 

usefulness of the ponderal index is as an indicator of IUGR.  For example, while some 

studies have found an association between ponderal index and children’s cognitive 

ability (Fancourt, Campbell, Harvey, & Norman, 1976; Harvey, Prince, Bunton, 

Parkinson, & Campbell, 1982), other studies have found no association between PI and 

cognition (Markestad et al., 1997; O'Keeffe, O'Callaghan, Williams, Najman, & Bor, 

2003)    Researchers have also criticized the use of PI as a measure of IUGR because 

the distribution of PI is continuous and not bimodal (Henriksen, 1999; Markestad et al., 

1997; O'Keeffe, O'Callaghan, Williams, Najman, & Bor, 2003).     

More recently, individualized or customized growth standards have been used to define 

SGA, by setting an optimal growth rate for each individual pregnancy (Clausson, 

Gardosi, Francis, & Cnattingius, 2001; Gardosi, Chang, Kalyan, Sahota, & Symonds, 

1992; Gardosi, Mongelli, Wilcox, & Chang, 1995).  These customized standards rely on 

information such as maternal anthropometric measures.  Clausson and colleagues 

(2001) have argued that unlike SGA, individualised standards avoid the inclusion of 

children who are not growth restricted but genetically small.  However, customized 

growth standards have only been available in New Zealand since 2004 (McCowan, 

Stewart, Francis, & Gardosi, 2004). 

The study of children born SGA is important for a number of reasons.  SGA birth has 

been associated with numerous negative health outcomes, including minimal 

neurological dysfunction (Goldenberg, Hoffman, & Cliver, 1998), increased risk of 

perinatal and neonatal complications (Henriksen, 1999), and sudden infant death 

syndrome (Oyen, Skjaerven, Little, & Wilcox, 1995).  SGA birth has also been 

associated with measures of cognitive ability and these studies will be discussed in the 

following sections.  In addition, animal research has highlighted the importance of 
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studying the effect of growth restriction on brain development.  For example, research 

on animals have found that intrauterine undernutrition is associated with a decrease in 

brain weight, reduced amounts of myelin lipids (Chase, Dabiere, Welch, & O'Brien, 

1971) and reduced protein content per brain cell (Zamenhof, van Marthens, & Margolis, 

1968). 

2.1.2 Aetiology and Risk Factors of SGA 

Genetic factors, chromosomal abnormalities, intra-uterine infections and maternal 

ingestions are known causes of foetal growth restriction (Chase, Dabiere, Welch, & 

O'Brien, 1971; Watt, 1986).  Placental function including uteroplacental blood flow, and 

the restriction of placental transfer of oxygen and nutrients are also factors associated 

with SGA birth (Lin & Evans, 1984).  Maternal hypertension and chronic maternal 

hypoxemia are two known medical complications in pregnancy that are also associated 

with SGA birth (Lin & Evans, 1984). 

Studies that have examined the risk factors for SGA birth have found that mothers who 

have lower pre-pregnancy weight, have less weight gain in pregnancy, are shorter, and 

have who smoked during pregnancy are significantly more likely to have a baby born 

SGA than AGA (Low et al., 1978; Markestad et al., 1997; Okah, Cai, & Hoff, 2005).   

Risk factors associated with SGA birth in the Auckland Birthweight Collaborative 

(ABC) study were similar to those found overseas, including low pre-pregnancy weight, 

short maternal stature, maternal smoking during pregnancy, maternal hypertension 

during pregnancy, primiparity and Indian ethnicity (J. M. Thompson et al., 2001). 

Risk factors associated with SGA birth are similar to those associated with preterm birth 

(Kramer, 1987), including cigarette smoking and lower maternal pre-pregnancy weight.  

However, risk factors associated with preterm birth and term SGA birth have also been 

found to differ (Panaretto et al., 2006; Villar, Khoury, Finucane, & Delgado, 1986).  For 

example, Panaretto and colleagues (2006) found a previous preterm birth, low maternal 

body mass index (BMI) and inadequate antenatal care were associated with preterm 

birth in a study of Australian Aboriginal and Torres Strait Islander women.  Risk factors 

for SGA birth included maternal smoking, maternal hypertension and an interaction 

effect of urine infection and heavy alcohol use.     
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2.1.3 Studies of SGA Children Aged Less than Two Years   

There are numerous studies that have examined the influence of being born LBW or 

preterm on subsequent cognitive development in children  (e.g. Bhutta, Cleves, Casey, 

Cradock, & Anand, 2002; Hack et al., 2002; Hansen, Dinesen, Hoff, & Greisen, 2002; 

Stjernqvist & Svenningsen, 1999; C. M. Thompson, Buccimazza, Webster, Malan, & 

Molteno, 1993; Wijnroks & van  Veldhoven, 2003).  Fewer studies have examined the 

impact of being born SGA on children’s cognition.  Studies that have compared SGA 

children with AGA children, have often included children who are born preterm.  

However, to examine the effects of SGA birth, it is important to compare children of the 

same gestational age.  Therefore, one way of examining SGA is by studying SGA 

children born at term, as this avoids the possible confounding effects of being born 

preterm (Watt, 1990). 

Studies that have examined differences in infant behaviour between SGA and AGA 

babies have found that SGA infants have poorer reflex behaviour (Fredrickson & 

Brown, 1980), immature sleep cycles (e.g. more active sleep without rapid eye 

movements) (Watt & Strongman, 1985b), and were less vocal and less responsive 

(Watt, 1986).  Watt and Strongman (1985b) described the differences in neonatal 

behaviour as being suggestive of anomalies in central nervous system organisation. 

There have been a number of studies that have examined the association between term 

SGA status and cognitive development in children under the age of two years (Table 1).  

Most of these studies have used the Bayley Scales of Infant Development (e.g. Bayley, 

1993) to assess infant’s cognitive development (Grantham-McGregor, Lira, Ashworth, 

Morris, & Assuncao, 1998; Low et al., 1978; Markestad et al., 1997; K. G. Nelson, 

Goldenberg, Hoffman, & Cliver, 1997; Pryor, 1996; Rubin, Rosenblatt, & Balow, 1973; 

Watt, 1986, 1990; Watt & Strongman, 1985a).  As shown in Table 1, some studies have 

found no significant differences in measures of infant development between SGA and 

AGA groups (Parmelee & Schulte, 1970; Pryor, 1996; Rubin, Rosenblatt, & Balow, 

1973; Slykerman, 2005).  Other studies have found a significant difference between 

SGA and AGA children on cognitive measures (Grantham-McGregor, Lira, Ashworth, 

Morris, & Assuncao, 1998; Low et al., 1978; Markestad et al., 1997; K. G. Nelson, 

Goldenberg, Hoffman, & Cliver, 1997; Watt, 1986, 1990; Watt & Strongman, 1985b). 
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Studies in this area have generally suffered from small sample sizes and inadequate 

control of potentially confounding factors (e.g. Low et al., 1978; Watt, 1986, 1990; 

Watt & Strongman, 1985a).  Results from studies with larger samples that have adjusted 

for potential confounders have been inconclusive.   In a large study of Brazilian infants, 

SGA babies had significantly poorer mental and motor development after controlling 

for SES, birth complications, mode of delivery and maternal smoking during pregnancy 

(Grantham-McGregor, Lira, Ashworth, Morris, & Assuncao, 1998).  A Scandinavian 

study (Markestad et al., 1997) found that SGA and AGA infants did not differ on the 

psychomotor development index (PDI), but SGA children scored significantly lower (-

4.4 points) on the mental development index (MDI) at 13 months.  Previous results 

from the ABC study (Slykerman, 2005), however, found that SGA versus AGA status 

was not significantly associated with developmental delay at 12 months of age using the 

Denver Revised Prescreening Developmental Questionnaire (R-PDQ) (Frankenburg, 

Fandal, & Thornton, 1987) 

2.1.4 Studies of SGA Children Older than Two Years of Age   

Most studies of older children have found significant differences between SGA and 

AGA children on measures of children’s cognitive ability (Fancourt, Campbell, Harvey, 

& Norman, 1976; Fattal-Valevski et al., 1999; Gorman & Pollitt, 1992; Harvey, Prince, 

Bunton, Parkinson, & Campbell, 1982; Hollo et al., 2002; Jelliffe-Pawlowski & Hansen, 

2004; Pryor, 1992; Silva, McGee, & Williams, 1984; Sommerfelt et al., 2000; Walther, 

1988) (Table 2).  For example, Sommerfelt and colleagues (2000) in a large sample of 

term SGA and term AGA children, found small but significant differences between the 

groups in verbal IQ (VIQ) and performance IQ (PIQ).  In this study SGA children’s 

scores were three points lower on VIQ and four points lower on PIQ, after controlling 

for potential confounders.  The researchers, however, found that while SGA and AGA 

status accounted for a small amount of the variance in IQ scores, parental factors (e.g. 

maternal cognitive ability) were much stronger predictors of VIQ and PIQ.  Other 

studies where differences between AGA and SGA groups have been found, suggest that 

SGA birth may be particularly associated with poorer verbal ability (Gorman & Pollitt, 

1992; Pryor, 1992). 

A few studies have found no significant differences in intelligence scores between SGA 

and AGA children (Babson & Kangas, 1969; Fattal-Valevski et al., 1999; Fitzhardinge 
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& Steven, 1972; Slykerman, 2005). For example, previous results from the ABC study 

found intelligence at 3.5 years did not differ between SGA and AGA children 

(Slykerman, 2005). 

Overall, similar to infant studies, studies of older children have suffered from small 

sample sizes (Gorman & Pollitt, 1992; Pryor, 1992) and inadequate control of potential 

confounders (Hollo et al., 2002).  Furthermore, studies have used different definitions of 

SGA status which makes comparisons between findings difficult. 

Studies of older children have found that SGA and AGA children may differ in regard 

to their motor ability.  For example, Fattal-Valevski and colleagues (1999) found that 

compared with AGA children, SGA children had lower scores on a 46-item 

neurodevelopmental scale, but no significant difference in IQ scores at 3 years.  In 

particular, researchers stated that SGA children scored lower on motor performance 

tasks (e.g. inability to walk up stairs alone, inability to cut with scissors). Walther 

(1988) also found that term SGA children at 7 years had poorer motor skills compared 

with their AGA peers. 

This review has focused on preschool and primary school aged children.  However, a 

number of longitudinal studies have also examined the association between SGA birth 

and cognitive outcomes in adolescents and adults (O'Keeffe, O'Callaghan, Williams, 

Najman, & Bor, 2003; Paz et al., 2001; Pryor, Silva, & Brooke, 1995; Strauss, 2000).  

Two of these studies found that adolescents born SGA scored significantly lower on IQ 

measures compared with AGA adolescents (Paz et al., 2001; Pryor, Silva, & Brooke, 

1995).  A third study found no difference in non-verbal IQ or reading scores at 14 years; 

however, SGA adolescents were more likely to have learning difficulties (e.g. being 

enrolled in special education) (O'Keeffe, O'Callaghan, Williams, Najman, & Bor, 2003).  

Strauss (2000) examined the association between SGA status and later achievement.  He 

found that SGA birth was not associated with years of education achieved, but was 

associated in adulthood with making less money and a decreased likelihood of holding a 

managerial or professional job position.  SGA adults were also less likely to have been 

in the top 15th percentile for achievement in their high school class compared with their 

AGA peers.  Hack (1998) reviewed studies on the effects of foetal growth retardation on 

cognitive performance in adolescents and adulthood.  She concluded that if prematurity 
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and other possible confounding factors were controlled for, SGA birth no longer 

appeared to have a negative impact on mental outcomes in adolescence and adulthood. 

In summary, most studies in this area have suffered from methodological problems such 

as small sample sizes and inadequate control of socioeconomic and familial factors.  

Studies have also differed in their definitions of SGA status.  As a result of these issues, 

it is still unclear as to whether SGA birth is associated with significantly poorer 

cognitive outcomes. 

2.1.5 SGA Status, Environment and Cognitive Ability 

Research on the long-term effects of SGA birth suggests that environmental factors may 

mitigate the impact of SGA status on cognitive development (Hack, 1998).  What is less 

clear is whether children who are born SGA are more vulnerable to poorer postnatal 

environments than children born AGA.  One study of Brazilian children found that 

stimulation at home (e.g. play materials, mother-child play interaction) had a greater 

positive impact on the development of SGA infants compared with AGA infants 

(Grantham-McGregor, Lira, Ashworth, Morris, & Assuncao, 1998).  In addition, having 

an illiterate mother and frequent diarrhoea was associated with poorer development in 

SGA children alone.  Sommerfelt and colleagues (2000), however, found no significant 

interactions between parental and family variables (e.g. parental income, maternal IQ, 

maternal age) and SGA versus AGA status in relation to children’s intelligence scores at 

5 years. 

Studies have found that postnatal nutrition may be particularly important for cognitive 

development in children born SGA or LBW.  Research in this area has focused on 

breastfeeding studies that have found that breastfeeding confers a greater cognitive 

advantage to babies born SGA or LBW compared with AGA or NBW babies (Agostoni, 

2005; Lucas, Morley, & Cole, 1998; Slykerman, Thompson, Becroft et al., 2005).   

In general, most studies on SGA and AGA children do not statistically examine whether 

the effects of environmental factors on intelligence differs for SGA children compared 

with AGA children.  Therefore more research in needed examining the independent and 

combined influence of being born SGA and environmental factors on cognitive 

outcomes.     
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2.2 Pregnancy and Obstetric Factors 

2.2.1 Maternal Age 

The effect of maternal age, in particular young maternal age, has been examined by a 

number of studies in relation to children’s cognitive functioning.  This section will 

begin by examining some of the issues surrounding the investigation of maternal age on 

children’s outcomes.  Studies examining the effect of maternal age will then be 

reviewed. 

Most studies on maternal age have focused primarily on young, teenage mothers.  One 

major issue with research in this area is that teenage motherhood is associated with a 

number of factors that are also associated with children’s intelligence.  Studies have 

found that compared with older and non-teenage mothers, younger mothers and teenage 

mothers are more likely to have: lower educational achievement (Fergusson & Lynskey, 

1993; Fergusson & Woodward, 1999; Jaffee, 2002; Neiss, Rowe, & Rodgers, 2002; 

Woodward, Horwood, & Fergusson, 2001); lower IQs (Jaffee, 2002; Neiss, Rowe, & 

Rodgers, 2002); lower socioeconomic status and lower income (Card, 1981; Fergusson 

& Lynskey, 1993; Fergusson & Woodward, 1999; Keown, Woodward, & Field, 2001; 

Moffitt, 2002; Wadsworth, Taylor, Osborn, & Butler, 1984); to be single parents (Card, 

1981; Fergusson & Woodward, 1999); have higher subsequent fertility (Wadsworth, 

Taylor, Osborn, & Butler, 1984); smoke during pregnancy (Wadsworth, Taylor, 

Osborn, & Butler, 1984); have had conduct problems (Jaffee, 2002; Woodward, 

Horwood, & Fergusson, 2001); and engage in sexual risk taking (Woodward, Horwood, 

& Fergusson, 2001).  As children, younger mothers are more likely to have had an 

unhappy childhood, adverse childhood experiences, including changes in parent figures 

(Fergusson & Woodward, 1999) and a history of family adversity (Fergusson & 

Lynskey, 1993; Woodward, Horwood, & Fergusson, 2001).  As parents, younger 

mothers are less likely to breastfeed (Wadsworth, Taylor, Osborn, & Butler, 1984) and 

they receive less child care support (Garcia Coll, Vohr, Hoffman, & Oh, 1986).  

Younger mothers have also been found to have: less nurturing child-rearing practices 

(e.g. less maternal responsiveness) (Fergusson & Woodward, 1999; Stevens & Duffield, 

1986); use harsher physical punishment (Fergusson & Woodward, 1999) and have less 

knowledge about infant development (Gullo, 1985; Ruchala & James, 1997) which is 
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associated with less confident parenting (Ruchala & James, 1997).  More recently, 

maternal speech has also been found to differ between teenage mothers and older 

mothers (Keown, Woodward, & Field, 2001; Lacroix, Pomerleau, & Malcuit, 2002).  

For example, teenage mothers have been found to use more utterances that control or 

direct a child, and fewer that inform or question the child (Lacroix, Pomerleau, & 

Malcuit, 2002).  Any review of the literature examining the association between 

maternal age and children’s intellectual functioning needs to assess whether studies 

have adequately controlled for potential confounding factors. 

Most studies have found that maternal age is associated with children’s cognitive ability 

in univariate analyses (when analyses do not adjust for potential confounders).  Some 

studies have found that teenage motherhood is still associated with lower scores on 

cognitive measures after controlling for potential confounders (Garcia Coll, Vohr, 

Hoffman, & Oh, 1986; Lacroix, Pomerleau, Malcuit, Seguin, & Lamarre, 2001; Magill-

Evans & Harrison, 2001; Rothenberg & Varga, 1981; Wadsworth, Taylor, Osborn, & 

Butler, 1984).  For example, Wadsworth and colleagues (1984) found in a United 

Kingdom (UK) study of more than 1000 5-year-old children, that children born to 

teenage mothers had poorer vocabulary than children born to older mothers, after 

controlling for a number of covariates (e.g. family socioeconomic status).  This study 

did not, however, examine overall intelligence.  Younger maternal age was also found 

to be associated with children’s intelligence at 7, 9 and 11 years in a Scottish study of 

over 10,000 participants (Lawlor et al., 2005).  Unlike most studies that have examined 

maternal age as a dichotomous variable (teenage mothers versus non-teenage mothers), 

the investigators examined a range of maternal ages from 15-19 years to 40+ years.  

However, one limitation of this study was that the researchers did not control for 

parental education or child-rearing environment, although analyses did include father’s 

social class, birth order and maternal marital status.   In general, studies that have found 

significant associations have also suffered from problems including small sample sizes 

of less than 100 participants and the use of inappropriate statistical analyses (e.g. a large 

number of analyses on a small sample) (Garcia Coll, Vohr, Hoffman, & Oh, 1986; 

Magill-Evans & Harrison, 2001). 

A number of studies have found that, after controlling for socio-demographic and 

family factors, the association between young maternal age and offspring’s cognitive 
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functioning is no longer statistically significant (Bacharach & Baumeister, 1998b; P. 

Cohen, Belmont, Dryfoos, Stein, & Zayac, 1980; Fergusson & Lynskey, 1993; 

Geronimus, Korenman, & Hillemeier, 1994; Gueorguieva et al., 2001; Keown, 

Woodward, & Field, 2001; Lawlor et al., 2006).  For example, in the New Zealand (NZ) 

Christchurch study of over 1000 participants, the association between increasing 

maternal age and higher intelligence in middle childhood was no longer significant after 

adjusting for maternal social background at birth and family factors since the birth of 

the child (Fergusson & Lynskey, 1993).  In another study that focused on LBW children 

at 3 years of age, investigators found that maternal age was indirectly associated with 

children’s intelligence through measures of family income (Bacharach & Baumeister, 

1998b). 

These studies suggest that young maternal age is not directly associated with 

intelligence measures in childhood.  Conversely, younger maternal age has been 

associated with poorer academic achievement in adolescence (Card, 1981; Fergusson & 

Woodward, 1999).  For example, in a later study on the Christchurch cohort, researchers 

found a small but significant association between lower maternal age and increased risk 

of educational underachievement (e.g. leaving school without qualifications) (Fergusson 

& Woodward, 1999).  The researchers did find, however, that most of the association 

between maternal age and educational achievement was explained by factors such as 

home environment during childhood. 

Most studies on maternal age have focused on teenage mothers, however, older 

maternal age has been associated with significantly poorer cognitive function in 

offspring.  Firstly, older maternal age (e.g. 35+ years of age) is a risk factor for Down 

syndrome (trisomy 21) which causes mental retardation (Crane & Morris, 2006; 

Roubertoux & Kerdelhue, 2006).  Older maternal age (>30 years) has also been 

associated with children’s mental retardation (IQ<70 points) that is accompanied by 

another neurological condition (e.g. cerebral palsy, epilepsy), but in the absence of 

Down syndrome (Drews, Yeargin-Allsopp, Decoufle, & Murphy, 1995).  Williams and 

Decoufle (1999) found that older maternal age (>30 years) was not associated with 

isolated mental retardation (without coexisting developmental disabilities or birth 

defects).  However, older maternal age was associated with co-developmental mental 

retardation, which was attributable to Down syndrome in white children, but not in 
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African American children.  The investigators noted that the presence of numerous birth 

defects in African American children suggested that they were more likely to have been 

exposed in utero to multiple insults (e.g. heavy drinking).  In a more recent study of 

339,171 kindergarten records in Florida, researchers found that older maternal age (>36 

years) was associated with children’s educational disabilities in preschool, mental 

retardation (IQ between 25-54 points) and physical impairment (e.g. neuromuscular 

condition) (Gueorguieva et al., 2001).  The investigators also found that teenage 

motherhood was associated with educational disabilities, however, this association was 

no longer significant after controlling for socio-demographic factors. 

In summary, research suggests that young maternal age is indirectly associated with 

intelligence in childhood through socio-demographic and family factors.  Studies of 

later academic achievement, however, suggest that differences in certain cognitive 

outcomes between the offspring of teenage mothers compared with the offspring of 

non-teenage mothers may become significant over time.  Studies of older mothers have 

found that older maternal age is a risk factor for mental retardation, both with or without 

Down syndrome.  Most studies on maternal age have focused on teenage mothers 

compared with non-teenage mothers, instead of the examining the effect across the 

range of maternal age. 

2.2.2 Maternal Pregnancy Hypertension  

Hypertension is one of the most common diseases in pregnancy and is reported to occur 

in approximately 12 to 22 percent of pregnancies (ACOG Committee on Obstetric 

Practice, 2002).  Gestational hypertension has been defined as systolic blood pressure > 

140 mmHg with a rise of >30 mmHg and/or diastolic blood pressure >90 mmHg with a 

rise of >15 mmHg (North, Taylor, & Schellenberg, 1999).  Preeclampsia has been 

defined as gestational hypertension plus proteinuria >2+ on dipstick or >0.3g/24 hour 

urinary protein excretion.  Proteinuria is used by clinicians to separate gestational 

hypertension from the more severe disease of preeclampsia.  Chronic hypertension or 

pre-existing hypertension has been defined as hypertension identified before pregnancy 

or before 20 weeks gestation (ACOG Committee on Obstetric Practice, 2002; J. M. 

Thompson et al., 2001).  Normotensive pregnant women are women without 

hypertension.  In 1999, North and colleagues evaluated the above definitions of 

gestational hypertension and preeclampsia  (North, Taylor, & Schellenberg, 1999).  
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They found that women with preeclampsia compared with women who had gestational 

hypertension only, were at an increased risk of severe maternal diseases such as renal 

insufficiency (serum creatinine > 0.10 mmol/L), imminent eclampsia (headache with 

visual disturbance and clonus) and pulmonary oedema.  This study and others have also 

found that women with gestational hypertension and preeclampsia are more likely to 

have preterm and SGA babies (North, Taylor, & Schellenberg, 1999; J. M. Thompson et 

al., 2001). 

There have been few studies that have examined the association between maternal 

hypertension in pregnancy and developmental outcomes in children.  In the 1970s and 

1980s, a number of reports were published on the longitudinal study by Ounsted and 

colleagues which examined 353 infants of hypertensive mothers who were diagnosed 

before the 28th week of gestation (Cockburn, Moar, Ounsted, & Redman, 1982; Mutch, 

Moar, Ounsted, & Redman, 1977; Ounsted, Cockburn, Moar, & Redman, 1983; 

Ounsted, Moar, Cockburn, & Redman, 1984; Ounsted, Moar, Good, & Redman, 1980).  

In this study hypertensive mothers were randomly allocated in pregnancy to either a 

treatment group or a non-treatment group.  A third control group of normotensive 

mothers was also selected from the hospital population.  There were a number of 

cognitive differences found between the groups in the neonatal period, during infancy 

and at 4 years.   For example, infants in the untreated group were more likely to be rated 

as having a questionable neurological assessment, including poorer gross-motor and 

fine-motor abilities in the neonatal period and at 12 months.  At 4 years, control 

children showed a small but significant increase in a global score of development 

(including gross and fine motor, visuomotor, language and comprehension) compared 

with children born to hypertensive mothers.  However, at 7.5 years of age there were no 

differences found between the three groups on 14 tests of ability (British Ability Scales) 

or reading ability.  The researchers also examined whether there were differences on six 

cognitive tests (e.g. reading, memory) between children whose mothers had 

preeclampsia compared with children born to mothers with hypertension only (Ounsted, 

Cockburn, Moar, & Redman, 1983; Ounsted, Moar, Cockburn, & Redman, 1984).  At 

7.5 years children of mothers who had preeclampsia only scored significantly higher on 

one test (a test of perceptual matching). 
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In other studies, maternal hypertension has been examined in association with outcome 

measures from infancy through to adulthood.  Two infant studies found no association 

between neurodevelopmental performance and maternal hypertension (Dias, Piovesana, 

Montenegro, & Guerreiro, 2005; Martikainen, 1989).  In a prospective study of 19,117 

children in the United States (US), researchers found that third trimester hypertension 

was significantly associated with low IQ (IQ < 80 points) after controlling for 

breastfeeding, gestation, and a number of pregnancy (e.g. low maternal pregnancy 

haemoglobin) and socio-demographic factors (e.g. maternal IQ and education) (Naeye 

& Peters, 1987).  An Israeli study, however, found no difference between the 

intelligence scores of 17 year old adolescents born to preeclamptic mothers compared 

with those born to normotensive mothers (Seidman et al., 1991b). 

Three recent studies have examined the effect of maternal hypertension on 

neurodevelopmental outcome in SGA children (Kronenberg, Raz, & Sander, 2006; 

McCowan, Pryor, & Harding, 2002; Slykerman, 2005).  The first study of over 200 

SGA infants found that infants whose mothers had pregnancy-induced hypertension had 

significantly higher mental development scores at 18 months compared with infants of 

normotensive mothers in adjusted analyses (McCowan, Pryor, & Harding, 2002).  A 

second study of 45 children born to mothers who had hypertension in pregnancy, 

divided children aged between 3 and 7 years into those born SGA and those born AGA 

(Kronenberg, Raz, & Sander, 2006).  The researchers found that SGA children had 

significantly lower non-verbal intelligence scores and fine motor scores compared with 

AGA children, after controlling for SES, gestational age and exposure to magnesium 

sulfate.  Both of these studies contained a large proportion of children born preterm.  

Maternal hypertension in pregnancy was not associated with developmental delay at 12 

months or intelligence at 3.5 years of age in SGA children born at term, in the ABC 

study (Slykerman, 2005). 

In summary, an early longitudinal study of pre-existing hypertension found no long-

term associations between pre-existing hypertension and cognitive outcomes, although 

children born to preeclamptic mothers scored significantly higher on one measure of 

perceptual matching.  Findings from recent studies have been inconclusive.  Some 

studies have found that children born to hypertensive mothers show poorer performance 

on cognitive development measures, while other studies have found no significant 
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associations.  In relation to children who were born small, one study found that children 

were at an increased risk of neurodevelopmental problems if mother had hypertension 

in pregnancy.  A second study, however, found that SGA children born to mothers who 

had preeclampsia during pregnancy had significantly higher mental development scores.  

Previous results from the ABC study suggest that maternal hypertension is not 

associated with the poorer intellectual functioning in SGA children born at term 

(Slykerman, 2005).  The effect of maternal hypertension in older SGA children born at 

term, however, is not known. 

2.2.3 Maternal Pregnancy Iron Status 

Iron deficiency during pregnancy is a common problem. Iron deficiency, as well as iron 

deficiency anaemia, will be defined and discussed in a later section of this chapter.  The 

discussion will also include information on children’s iron status and the biochemical 

measures used to assess iron status.  In brief, iron status is considered to be a continuum 

with iron overload at one extreme, followed by normal iron status, iron deficiency (ID) 

with no anaemia and finally iron deficiency anaemia (IDA) (World Health 

Organization, 2001b).  Anaemia in pregnancy is estimated to affect 23 percent of 

women in developed countries and 52 percent of women in developing countries 

(World Health Organization, 2001b).  During pregnancy, haemodilution (a decrease in 

the proportion of red blood cells relative to the plasma) causes a decrease in maternal 

haemoglobin concentration (Bentley, 1985).  As a result there is an increased need for 

iron due to both the expansion of maternal haemoglobin mass and also foetal demand 

(Bentley, 1985; Hallberg, 2001).   

During pregnancy, placental iron transport is efficient, and favours the foetus whose 

serum iron concentrations are higher than those of the mother (Halvorsen, 2000).  

Therefore, there has been debate about the effect that maternal iron deficiency has on 

the growing foetus.  In 1985, Bentley stated that iron transfer through the placenta, 

regulated by foetal requirements, occurred nearly always irrespective of maternal iron 

status (Bentley, 1985).  However, Halvoren (2000) noted that studies in the last two 

decades (e.g. Bhargava et al., 1991) suggest that maternal iron status can affect iron 

stores in the neonate, although the risk of iron deficiency is small unless the mother has 

iron deficiency anaemia.  After birth, however, iron deficiency in pregnancy has been 
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associated with iron deficiency in the first year of life (Kilbride et al., 1999; Preziosi et 

al., 1997). 

Iron deficiency in pregnancy may affect foetal brain development, however, there is a 

dearth of information in this area.  Animal studies suggest that very severe iron 

deficiency during gestation is associated with permanent changes in the structure and 

function of the brain.  For example, iron deficiency has been associated with changes in 

neurotransmitter function and myelin formation (de Deungria et al., 2000) which can 

result in behavioural changes (e.g. altered performance in mice on the Morris water 

maze) (Kwik-Uribe, Gietzen, German, Golub, & Keen, 2000). 

In humans, there has been very little research on the effects of maternal pregnancy iron 

status on children’s cognitive development.  In a sample of 19,177 children, Naeye and 

Peters (1987) found that maternal anaemia (defined as lowest maternal haemoglobin 

level between 4.0 to 11.5 g/dL) was significantly associated with low IQ (IQ <80 

points) at 7 years.  Camp and colleagues (1998) also found that maternal pregnancy 

anaemia (low maternal haemocrit <32%) was significantly associated with a small but 

significant increase in the risk of mental retardation (IQ <70 points) at 7 years in 

African American children.  This analysis, however, did not adjust for potential 

confounders.   Tamura and colleagues (2002) investigated the association between 

foetal iron nutritional status (as measured by umbilical cord ferritin concentrations) and 

mental and psychomotor development at 5 years of age.  In this study of SGA children, 

they found that children with cord ferritin concentrations in the lowest quartile did not 

differ in Total IQ scores, but had significantly lower scores on tests of language ability 

and fine-motor skills compared with children who had cord ferritin concentrations in the 

middle two quartiles.  

 Iron deficiency in pregnancy may also be associated with parent-infant interactions.  In 

a randomized control trial of 81 families, infants of anaemic mothers who received 

placebos in pregnancy were developmentally delayed at 10 weeks (as assessed by the 

Griffiths development test) and at 9 months compared with controls (Perez et al., 2005).  

Furthermore, at 9 months, anaemic mothers who did not receive treatment were found 

to be significantly less responsive and more negative towards their infants, and engaged 

in less goal setting compared with mothers who were both anaemic and received 

treatment, or were controls.  The researchers suggested that infants of iron deficient 
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mothers were at a double risk of poorer cognitive development due to less effective 

parenting and poorer iron stores, although infant’s iron stores were not assessed.  In 

contrast, a 2006 study found no association between maternal iron supplementation 

during pregnancy (from 20 weeks of gestation) and IQ at 4 years of age in 430 

Australian children (Zhou, Gibson, Crowther, Baghurst, & Makrides, 2006).  Iron 

supplementation was positively associated, however, with better maternal iron status.     

In summary, there have been few studies examining the association between maternal 

iron status and children’s cognitive development.  Three of the studies reviewed focused 

on preschool children.  Only two studies examined intelligence in school aged children, 

but neither used a continuous measure of IQ, focusing instead on children with low IQ.  

One study of SGA infants found that foetal iron nutritional status was significantly 

associated with language and fine-motor ability at 5 years, but found no association 

between iron status and total IQ.  Examining the impact of iron supplementation during 

pregnancy on children’s intelligence, and investigating the association between 

maternal iron status and IQ in middle childhood, warrants further research. 

2.2.4 Maternal Substance and Drug Use during Pregnancy 

The three most commonly used substances taken by pregnant women are nicotine, 

marijuana (cannabis) and alcohol.  These drugs are teratogens, defined as “substances 

capable of producing death, malformations, growth deficiency, or behavioral 

aberrations as a result of prenatal exposure” (Streissguth, Barr, Sampson, & Darby, 

1989, p.3).  Most drug studies have been conducted with mothers who are heavy users.   

However, less is known about the effects of moderate use of alcohol, marijuana or 

cigarette smoking during pregnancy on children’s cognitive development.  The 

following sections will therefore focus on studies of moderate maternal substance use.  

The first section of this review will examine the effects of maternal alcohol intake, 

followed by maternal smoking and maternal marijuana use. 

2.2.4.1 Maternal Alcohol Intake during Pregnancy 

The teratogenic effects of heavy prenatal alcohol exposure are well known and heavy 

drinking can result in babies being born with foetal alcohol syndrome (FAS).  FAS is 

characterized by prenatal and postnatal growth retardation, central nervous system 

dysfunction including mild to moderate mental retardation and abnormal facial features 
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(Committee on substance abuse and committee on children with disabilities, 1993).  

Foetal alcohol effects (FAE) and alcohol-related birth defects (ARBD) are also used to 

define the effects of alcohol consumption in pregnancy.  More recently the term Foetal 

Alcohol Spectrum Disorder has been used as an umbrella term to encompass all of these 

disorders. 

The majority of studies on maternal alcohol use have focused on heavy drinking during 

pregnancy.  Less is known about the effects of moderate alcohol consumption, defined 

as levels of drinking that are considered socially acceptable (Forrest, Florey, & Taylor, 

1992).  Drinking alcohol in pregnancy is a common occurrence.  A 2006 survey of 

1,256 women in New Zealand found that 53 percent of women had consumed alcohol 

during their pregnancy (Parakel, Ferguson, Parakel, & Harraway, 2006).  Of these 

women, 40 percent consumed alcohol before they knew that they were pregnant and 13 

percent continued to drink throughout their pregnancies.  Twenty percent of women 

who consumed alcohol during their pregnancies reported binge drinking (5 or more 

drinks on one occasion), and 17 percent of these women did so before they found out 

that they were pregnant.  This is of concern, because binge drinking may be particularly 

harmful for a developing foetus as binges result in higher peak blood alcohol content 

compared with drinking the same amount over a number of days (Bailey et al., 2004).  

Overall, results from the 2006 survey suggest that more than half of NZ women drink 

during pregnancy.  Given the high prevalence of alcohol use during pregnancy, 

understanding how alcohol can affect children’s development is of considerable public 

health importance. 

In a 1992 review, Forrest and colleagues concluded that the effects of moderate 

maternal alcohol consumption in pregnancy on child development remained an 

unresolved problem (Forrest, Florey, & Taylor, 1992).  Since then there have been a 

number of studies that have reported on the effects of moderate prenatal alcohol 

exposure on children’s intellectual functioning.  This review will focus on more recent 

studies, including some that have examined multiple drug use in pregnancy (Table 3) 

and others that have focused specifically on maternal alcohol use (Table 4).     

In studies of children under two years of age, two separate cohort studies found that 

alcohol exposure was significantly associated with lower scores on measures of 

cognitive ability including: mental development scores (Table 3 and Table 4) (Fried & 
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Watkinson, 1988; J. L. Jacobson et al., 1993; S. W. Jacobson, Chiodo, Sokol, & 

Jacobson, 2002); symbolic play; slower processing speed; and cross-modal transfer (S. 

W. Jacobson, Chiodo, Sokol, & Jacobson, 2002).  However, a third study of low income 

mothers found no significant association between alcohol use in pregnancy and infant’s 

mental or psychomotor development at either 9 months or 19 months of age (G. A. 

Richardson, Day, & Goldschmidt, 1995). 

Most studies have assessed cognitive functioning in children older than two years of age 

(Table 3 and 4).  A number of these studies found that prenatal alcohol exposure was 

associated with significantly lower scores of cognitive functioning, particularly higher 

intakes of alcohol (Autti-Ramo et al., 1992; Bailey et al., 2004; Burden, Jacobson, 

Sokol, & Jacobson, 2005; Coles, Brown, Smith, & Platzman, 1991; Fried & Watkinson, 

1990; S. W. Jacobson, Jacobson, Sokol, Chiodo, & Corobana, 2004; Larroque, 

Kaminski, Dehaene, & Subtil, 1995; Streissguth, Barr, Sampson, & Darby, 1989; 

Willford, Richardson, Leech, & Day, 2004).  For example, Streissguth and colleagues 

(1989) found that drinking more than 1.5 oz of absolute alcohol per day (approximately 

3 alcohol drinks) was associated with significantly lower full-scale, verbal and 

performance IQ scores at 4 years, particularly drinking prior to pregnancy awareness.  

This effect was strongest for performance IQ with a decrement of 5.4 IQ points.  In 

comparison, Fried and Watkinson (1990) found that maternal alcohol consumption was 

associated with significantly poorer verbal ability at 3 years, but was not associated with 

any cognitive measures assessed at 4 years of age (e.g. general cognitive functioning, 

including verbal and perceptual scales).  A more recent US study of 556 families found 

that alcohol intake (measured throughout pregnancy) was not associated with children’s 

intelligence at 7 years (Bailey et al., 2004).  However, children exposed to regular binge 

drinking (at least once every two weeks) were 1.7 times more likely to have an IQ score 

below 70.  In relation to heavier maternal alcohol use, two studies found lower scores of 

cognitive functioning in children of heavy drinkers compared with children of more 

moderate drinkers or mothers who abstained from drinking (Table 4) (Autti-Ramo et al., 

1992; Coles, Brown, Smith, & Platzman, 1991). 

Other studies have found no significant association between alcohol intake and 

intellectual functioning in children older than two years (Table 4) (Greene, Ernhart, 

Ager, & Sokol, 1991; Nulman et al., 2004).  In a study of low SES mothers and children 
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(Greene, Ernhart, Ager, & Sokol, 1991), multivariable analyses results showed that 

alcohol intake (in the absence of foetal alcohol syndrome) was not significantly 

associated intelligence at 3 years or 4 years of age (or mental development in infancy) 

(Table 4).  In a more recent study, researchers found no significant association between 

binge drinking in the first trimester of pregnancy and measures of intelligence or 

language development in children aged between 3 years to 7 years of age (Nulman et 

al., 2004). 

Studies have found that prenatal alcohol exposure is associated with lower academic 

achievement (Goldschmidt, Richardson, Cornelius, & Day, 2004; Goldschmidt, 

Richardson, Stoffer, Geva, & Day, 1996) and poorer executive function (Connor, 

Sampson, Bookstein, Barr, & Streissguth, 2000; Kodituwakku, Kalberg, & May, 2001).  

Prenatal alcohol exposure may also be associated with significantly lower scores of 

cognitive functioning in adolescence and adulthood (Howell, Lynch, Platzman, Smith, 

& Coles, 2006; Willford, Richardson, Leech, & Day, 2004).  For example, Willford and 

colleagues (2004) found that maternal alcohol consumption in the first trimester was 

associated with significantly lower scores of visuospatial learning, and short-term and 

long-term memory in offspring at 14 years of age.  However, the frequency of binge 

drinking during the first trimester was not significantly associated with measures of 

learning or memory in this study.    

One topic that has caused debate both amongst researchers and clinicians is whether 

there is a threshold over which the amount of alcohol consumed during pregnancy 

negatively affects children’s intellectual functioning.  One cohort study of inner-city 

mothers and children found that drinking one or more glasses of alcohol per day (>0.5 

oz of absolute alcohol) was significantly associated with low mental development 

scores in infancy (J. L. Jacobson et al., 1993; S. W. Jacobson, Chiodo, Sokol, & 

Jacobson, 2002).  A recent meta-analysis found that infants whose mothers consumed 

two or more drinks a day during pregnancy had an average decrement of 8 points in 

mental development (Testa, Quigley, & Eiden, 2003).  However, there were no effects 

of prenatal alcohol consumption below this threshold.  Two further studies found that 

drinking approximately three or more alcoholic drinks per day was associated with 

lower IQ scores in preschool children (Larroque, Kaminski, Dehaene, & Subtil, 1995; 

Streissguth, Barr, Sampson, & Darby, 1989).  As a result of these findings, 
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recommendations regarding safe levels of alcohol intake have varied.  For example, the 

New Zealand College of Midwives recommend that women should be advised not to 

drink any alcohol during pregnancy (New Zealand College of Midwives, 2001).  In 

comparison, the Royal College of Obstetricians and Gynaecologists (2006) in the UK 

state that while the safest approach is to avoid drinking any alcohol, evidence suggests 

that a low alcohol intake of less than one or two glasses a week is not associated with 

negative child outcomes.    

In summary, the adverse effects of heavy drinking in pregnancy on children’s cognition 

are well established.  Research reviewed here also suggests that moderate to high levels 

of alcohol consumption during pregnancy are also detrimental for children’s cognitive 

functioning.  Not all of the studies reviewed, however, found an association between 

foetal alcohol exposure and intellectual functioning.  Furthermore, there continues to be 

uncertainty regarding whether there is a “safe” level of alcohol that can be consumed 

during pregnancy that does not affect children’s cognitive functioning.      

2.2.4.2 Maternal Smoking during Pregnancy 

The effects of maternal smoking in pregnancy on the growth and development of babies 

are well known, and smoking has been associated with a number of adverse birth 

outcomes (e.g. SGA birth) (Andres, 1996; J. M. Thompson et al., 2001; Yerushalmy, 

1971).  Less is known about the effects of prenatal exposure to cigarette smoke on 

children’s later cognitive development.  This section will begin by briefly describing the 

effects of prenatal cigarette smoking in utero.  Studies that have examined the 

association between smoking in pregnancy and children’s cognitive outcomes will then 

be discussed. 

There are approximately 2000 different compounds in cigarette smoke, including 

nicotine, tar, carbon monoxide, carbon dioxide and cyanides (Abel, 1980).  The 

mechanisms through which cigarette smoke affects foetal growth and development are 

unknown (Behnke & Eyler, 1993).  However, smoking is thought to cause hypoxia 

(deficiency of oxygen in the body tissues) and undernourishment of the foetus, affecting 

both placental circulation and foetal oxygenation (Niemela & Jarvenpaa, 1996).  

Hypoxia is likely to occur both because of the vasoconstrictive effects of nicotine on 

maternal blood supply to the foetus and also due to increased carboxyhemoglobin levels 

caused by carbon monoxide (resulting in a reduction in the oxygen carrying capacity of 
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the blood)  (Abel, 1980; Lassen & Oei, 1998).  In relation to intelligence, cigarette 

smoking may affect children’s cognitive development by direct influence (affecting 

foetal brain development) or via indirect causes (e.g. through foetal growth retardation) 

(Mortensen, Michaelsen, Sanders, & Reinisch, 2005).    

Approximately 25 percent of women in developed countries smoke during pregnancy 

(Behnke & Eyler, 1993; Huizink & Mulder, 2006).  In addition, maternal smoking 

during pregnancy is related to lower SES, having less education and being younger 

(Behnke & Eyler, 1993).  Given the high prevalence of maternal smoking during 

pregnancy, it is important to understand the effects that cigarette smoke may have on 

children’s later development. 

A number of studies have examined the association between prenatal cigarette smoking 

and children’s cognitive functioning.  Of the studies reviewed in Tables 3 and 5, 13 

published articles reported inverse associations between maternal pregnancy smoking 

and lower scores on cognitive measures (Batstra, Neeleman, & Hadders-Algra, 2003; 

Butler & Goldstein, 1973; Fried & Watkinson, 1988, 1990; Fried, Watkinson, & Gray, 

1998, 2003; Fried, Watkinson, & Siegel, 1997; S. W. Jacobson, Chiodo, Sokol, & 

Jacobson, 2002; Makin, Fried, & Watkinson, 1991; Olds, Henderson, & Tatelbaum, 

1994; Sexton, Fox, & Hebel, 1990; Slykerman, 2005; Sommerfelt et al., 2000).  Six of 

these articles were from the Ottawa Prenatal Prospective Study (OPPS), which is a low 

risk sample of women who used substances during pregnancy and controls.  Women in 

this study were interviewed during pregnancy on their substance use, including cigarette 

smoking.  A nicotine score was created by multiplying the number of cigarettes smoked 

per day by the nicotine content of the brand of smokes.  Results from the OPPS study 

found that maternal nicotine use (particularly heavy smoking) was significantly 

associated with: decreased mental development scores at 12 months (Fried & 

Watkinson, 1988); decreased verbal ability scores in preschool (Fried & Watkinson, 

1990); and decreased reading, speech and language scores in middle childhood (Makin, 

Fried, & Watkinson, 1991).  Heavy maternal nicotine use was also associated with 

lower scores on the Picture Arrangement subtest and the Freedom of Distractibility 

Index of the WISC-III between 9 and 12 years of age (Fried, Watkinson, & Siegel, 

1997), and lower scores on the short-form of the WISC-III (general intelligence), 

sentence memory and visual memory at 13 to 16 years of age (Fried, Watkinson, & 
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Gray, 2003).  No associations were found, however, between nicotine use in this study 

and mental development scores at 2 years of age (Fried & Watkinson, 1988), or general 

and verbal intelligence of children between 9 and 12 years of age (Fried, Watkinson, & 

Gray, 1998). 

One study by Sommerfelt and colleagues (2000), examined the association between 

maternal smoking and intelligence in SGA and AGA children born at term (Table 5).  

The investigators found that, after controlling for confounders, maternal smoking at 

conception was significantly associated with non-verbal intelligence at 5 years of age, 

but not verbal intelligence.  Furthermore mothers of SGA children were twice as likely 

to smoke.  However, no significant interaction effect was found between SGA status 

and maternal smoking.  Therefore, the effect of smoking at conception was not 

significantly different for SGA children compared to their AGA peers.  Slykerman 

(2005) found that maternal smoking during pregnancy was significantly associated with 

increased risk of developmental delay at 12 months and lower intelligence scores at 3.5 

years in SGA children (Table 3). 

There have been a number of studies that have found no significant associations 

between maternal smoking in pregnancy and children’s cognitive outcomes (Batty, Der, 

& Deary, 2006; Breslau, Paneth, Lucia, & Paneth-Pollak, 2005; Fergusson & Lloyd, 

1991; Lawlor et al., 2006; McGee & Stanton, 1994; Niemela & Jarvenpaa, 1996; G. A. 

Richardson, Day, & Goldschmidt, 1995; Streissguth, Barr, Sampson, & Darby, 1989; B. 

Taylor & Wadsworth, 1984; Trasti, Vik, Jacobsen, & Bakketeig, 1999).  Importantly, 

most of these studies found an association between maternal smoking and cognition 

prior to the adjustment of potential confounders.  For example, Fergusson and Lloyd 

(1991) found that maternal smoking during each trimester of pregnancy was 

significantly associated with a number of measures of intelligence, reading and 

mathematical ability, including Total IQ at 8 and 9 years of age.  However, the 

researchers found that after adjusting for confounding covariates the association 

between smoking and cognitive outcomes were no longer statistically significant.  

Similarly, Breslau and colleagues (2005) found that prior to the adjustment of 

confounders, children of mothers who smoked scored 6.8 IQ points lower than children 

of mothers who did not smoke during pregnancy.  However, after controlling for 

factors, such as maternal education and maternal IQ, this association was no longer 
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significant.  Breslau and colleagues in 2005 concluded that “maternal smoking during 

pregnancy is a proxy for a matrix of vulnerabilities for adverse child cognitive 

development and has no direct causal effect on child’s IQ” (Breslau, Paneth, Lucia, & 

Paneth-Pollak, 2005, p.1047). 

In summary, the effect of maternal smoking in pregnancy on children’s intellectual 

functioning is still not clear.  Significant associations have been found between maternal 

smoking and a number of different cognitive outcomes.  However, some studies suggest 

that the association found between maternal smoking and children’s intelligence is 

confounded by other factors, such as maternal education.  Maternal smoking in 

pregnancy has been associated cognitive functioning in SGA children in early 

childhood, however the effects of maternal smoking on cognitive ability in middle 

childhood requires investigation.    

2.2.4.3 Maternal Marijuana Use during Pregnancy 

Compared with maternal alcohol use and cigarette smoking, there have been few studies 

that have examined the effect of marijuana use in pregnancy on children’s intellectual 

functioning.  However, marijuana may affect foetal development through uterine blood 

supply and placental transfer of oxygen and nutrients (Chiriboga, 2003).  The principal 

psychoactive substance of marijuana, delta-9-tetrahydrocannabinol (Δ-9-THC) passes 

through the placenta and studies in animals have found that very high doses are 

associated with malformations of the head and spinal cord (Behnke & Eyler, 1993). 

In humans, some studies of neonatal behaviour have found that heavy marijuana use 

(five or more joints a week) during pregnancy was associated with increased tremors, 

startles and irritability (Fried, 1980; Fried, Watkinson, Dillon, & Dulberg, 1987).  A 

small study (n=44) of heavy marijuana users and controls in Jamaica, however, found 

that heavy use was associated with a number of positive neurobehavioural factors, such 

as lower irritability and greater alertness (Dreher, Nugent, & Hudgins, 1994).   The 

investigators suggested that in Jamaica where marijuana use is more widely accepted in 

society, better scores of exposed neonates were due to the social and economic 

characteristics of the women who smoked marijuana.  Richardson and colleagues 

(1989) also found few effects of marijuana use on neonatal behaviour.  Infants in this 

study who were exposed to marijuana had significantly better habituation scores, 

although 75 percent of infants had missing habituation data. 



 29

Most of the research on the long-term cognitive effects of prenatal marijuana exposure 

has come from two longitudinal studies: the Ottawa study (OPPS) and the Maternal 

Health Practices and Child Development study (MHPCD) (Table 3).  As described 

previously, the OPPS study is a low risk sample that has followed women and children 

from pregnancy into adulthood (Fried, 1980; Fried & Watkinson, 1988, 1990; Fried, 

Watkinson, Dillon, & Dulberg, 1987; Fried, Watkinson, & Gray, 1998, 2003; Fried, 

Watkinson, & Siegel, 1997; A. M. Smith, Fried, Hogan, & Cameron, 2006).  In this 

study, pregnant women were divided into three groups: no marijuana use; light 

marijuana use (1-5 joints a week); and heavy use (>5 joints a week).  Heavy marijuana 

users were found to be younger, less educated, lower SES and to have consumed more 

alcohol during pregnancy compared with the rest of the sample.  Results from the study 

showed that heavy marijuana use was associated with: lower motor scores at 3 years 

and poorer verbal and memory scores at 4 years (Fried & Watkinson, 1990); poorer 

performance on the Comprehension, Block Design, Object Assembly and Mazes 

subtests of the WISC-III, and poorer scores of sustained attention, non-verbal abstract 

reasoning and mental flexibility at 9 to 12 years of age (Fried, Watkinson, & Gray, 

1998); and poorer performance on the Peabody spelling test and abstract designs 

(measuring aspects of auditory and visual memory) at 13 to 16 years of age (Fried, 

Watkinson, & Gray, 2003).  Marijuana smoking, however, was not associated with: 

mental or motor development at one or two years of age (Fried & Watkinson, 1988); 

global intelligence, verbal intelligence, reading or language scores at 9- to 12- years of 

age (Fried, Watkinson, & Gray, 1998); and global intelligence or general reading and 

language scores at 13 to 16 years of age (Fried, Watkinson, & Gray, 2003). 

Results from the MHPCD study (a high-risk sample) found that higher levels of 

maternal marijuana use were associated with mental development at 9 months of age  

(G. A. Richardson, Day, & Goldschmidt, 1995) and poorer memory performance at 3 

years in the total sample (Day et al., 1994) (Table 3).  At 3 years, African American 

children whose mothers used marijuana also had significantly lower verbal ability 

scores.  There was no difference, however, found between marijuana exposed and non-

exposed children in relation to Total IQ at 3 years.  Results from a third study of US 

children (Chasnoff, Griffith, Freier, & Murray, 1992; Griffith, Azuma, & Chasnoff, 

1994) found no differences in mental or psychomotor development at 3, 12, 18 or 24 

months of age for marijuana exposed infants compared with either non-exposed infants 
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or infants exposed to both cocaine and marijuana (Chasnoff, Griffith, Freier, & Murray, 

1992).  Children exposed to any drugs did, however, score significantly lower on mental 

and psychomotor indexes at 6 months of age, compared with controls.  At 3 years, 

children exposed to marijuana in utero had significantly lower abstract/visual reasoning 

scores compared to non-exposed children, but no significant differences in general 

intelligence were found (Griffith, Azuma, & Chasnoff, 1994). 

In summary, research to date suggests that moderate to heavy marijuana use during 

pregnancy is not associated with lower scores on general measures of infant’s cognitive 

functioning.  Findings from children older than 2 years of age also suggest that 

marijuana use does not negatively impact on general intelligence.  However, researchers 

have argued that certain aspects of cognitive functioning may be affected by maternal 

marijuana use in pregnancy  (Fried & Smith, 2001; Huizink & Mulder, 2006).  

Executive functioning, thought to be controlled by the frontal region of the brain, is one 

cognitive subskill that may be associated with maternal marijuana use in pregnancy.  

Support for this comes from a recent OPPS study where 31 study members (aged 

between 18-22 years), whose mother’s marijuana intake was assessed during pregnancy, 

performed a visuospatial working memory test while neural activity was imaged using 

functional magnetic resonance imaging (fMRI) (A. M. Smith, Fried, Hogan, & 

Cameron, 2006).  Researchers found that as the amount of prenatal marijuana exposure 

increased, significantly more neural activity was found in the left inferior and middle 

frontal gyri, left parahippocampal gyrus, left cerebellus and left middle occipital gyrus, 

whereas less activity was shown in the right inferior and middle frontal gyri, in 

multivariable analysis.  Thus, it is possible that the use of marijuana during pregnancy 

may affect the brain activity of offspring in later life.  However, there have been few 

studies on the long term effects of prenatal marijuana exposure on outcomes in middle 

childhood and beyond and more research is needed in this area. 

2.2.5  Gender 

There is a large research literature examining gender differences in cognitive ability.  

Earlier studies of cognitive differences generally found that boys performed 

significantly better on tests of general knowledge, arithmetical reasoning and spatial 

ability than girls (Anastasi, 1958; Maccoby, 1966; Maccoby & Jacklin, 1974; Tyler, 

1965).  Girls were found to perform better on tests of memory (particularly memory for 
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sentences), perceptual speed, verbal fluency (production of speech in words and 

writing), spelling and grammar than boys.  Gender differences in certain cognitive 

abilities were also found to differ with age.  For example, Maccoby and colleagues 

(1966; , 1974) found that the male advantage in mathematical ability did not appear 

until adolescence. 

There has been much debate since these classic studies regarding the magnitude and 

pervasiveness of gender differences in cognitive abilities and also the age at which these 

differences become apparent.  For example, a meta-analysis on studies of spatial ability 

found gender differences in certain types of abilities (e.g. mental rotation) but not in 

others (e.g. spatial visualization) (Linn & Petersen, 1985).  Furthermore, only a small 

male advantage was found in spatial perception ability (defined as abilities that require 

subjects to determine spatial relationships with respect to the orientation of their bodies) 

(Linn & Petersen, 1985). 

More recent studies have also found that gender differences, particularly in 

mathematical ability, are decreasing over time (Feingold, 1988, 1993; Halpern, 1989, 

1992; Hyde & McKinley, 1997). In a meta-analysis of 100 studies, Hyde (1990) found 

that the magnitude of gender differences in mathematical ability had declined in more 

recent studies compared with earlier studies.  In addition, females showed a small 

advantage in mathematical ability, in particular mathematical computation.  In contrast, 

a male advantage at complex mathematical problem solving was found that emerged in 

high school. 

Feingold (1993) reviewed a number of US studies that used standardized tests, such as 

the Differential Aptitude Test (DAT).  He found that females showed a slight advantage 

in reading comprehension, spelling, grammar and verbal fluency.  A female advantage 

in perceptual speed was also found, however, gender differences in this ability were 

found to be decreasing.  Unlike Linn and Peterson (1985), Feingold (1993) found that 

males performed better than females at spatial visualization as well as tests of 

mechanical reasoning.  However, smaller differences between males and females in 

these abilities were found in later compared to earlier studies. 

The reason why gender differences are decreasing is unclear.  One explanation may be 

that study samples have changed over time.  For example, early US studies were based 
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on college enrollments which were predominantly male samples (Halpern, 1992) and 

fewer gender differences have been found in more representative samples (Feingold, 

1993). 

In general, gender differences in specific cognitive abilities are relatively small.  Studies 

have found, however, that males are more likely to suffer from more serious verbal and 

reading problems, such as stuttering and dyslexia (Halpern, 1992).  For example, a 

recent study based on research from four epidemiological studies in New Zealand (NZ) 

and the UK found that boys were significantly more likely to have reading disabilities 

than girls (Rutter et al., 2004). 

Unlike specific cognitive abilities, such as spatial abilities, most researchers consider 

that there are no gender differences in general intelligence (e.g. Halpern, 1992; Neisser 

et al., 1996; Papalia, Wendkos Olds, & Duskin Feldman, 2001).  Although some authors 

have argued that differences in general intelligence between males and females do exist 

and become apparent in adulthood, with males showing a small but significant IQ 

advantage (3-4 IQ points) (Lynn, 1994, 1999; Nyborg, 2005). This is despite the fact 

that major intelligence tests, such as the Wechsler scales, are constructed to minimize or 

eliminate differences between males and females. 

Surprisingly, studies of children using tests such as the Wechsler preschool and primary 

scale of intelligence (WPPSI), the Wechsler Intelligence Scale for children (WISC) and 

the revised version (WISC-R) have found small but sometimes significant gender 

differences  For example, Querishi and Seitz (1994) using these tests found that boys 

had significantly higher mean verbal IQ compared with girls.  In comparison, a recent 

NZ study of nearly 900 children aged 8 to 9 years of age, found that boys had slightly, 

but not significantly, higher scores of verbal, non-verbal and general intelligence 

measured by the WISC-R (Lynn, Fergusson, & Horwood, 2005).  Lynn and colleagues 

(2005) also found that while boys significantly outperformed girls on the Information, 

Vocabulary, Block Design and Object Assembly subtests, girls were found to perform 

significantly better on the Coding subtest.       

In summary, small but significant gender differences have been found in specific 

cognitive abilities (e.g. mental rotation), including differences in certain IQ subtests 
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(e.g. Vocabulary).  More recent studies have found, however, fewer and smaller gender 

differences compared with earlier research work. 

2.2.6 Gestational Age 

Studies have found that children born preterm (<37 weeks) score significantly lower on 

tests of cognitive ability (Bhutta, Cleves, Casey, Cradock, & Anand, 2002; Hack et al., 

2002; Stjernqvist & Svenningsen, 1999; C. M. Thompson, Buccimazza, Webster, 

Malan, & Molteno, 1993).  Being born extremely preterm has been associated with 

significant decreases in IQ.  For example, a Swedish study found that children born 

before 29 weeks of gestation had significantly lower intelligence scores at 10 years 

compared with children born full-term (approximately one standard deviation 

difference) (Stjernqvist & Svenningsen, 1999).  Fewer differences have been found for 

children born moderately preterm.  A study of middle-class children born at 

approximately 33 weeks of gestation found no difference in mean IQ at 4.5 years for 

preterm children compared with their full-term peers (Pearl & Donahue, 1995).  In this 

study, preterm children did score significantly lower, however, on language measures 

(e.g. receptive vocabulary) and visual-motor skills. 

Less is known about the impact of gestational age on children who are born close to 

full-term.  A study of neurobehavioural functioning of healthy preterm babies found that 

babies born at 34 weeks differed significantly on measures of autonomic, motor state, 

and self-regulatory systems, compared with full-term babies (Mouradian, Als, & Coster, 

2000).  However, the neurobehavioural functioning of babies born “close to full-term” 

(born between 35 weeks, 4 days and 38 weeks, 3 days) were found to be more similar to 

full-term babies.  With regard to infant measures of development, a more recent study 

of SGA infants whose mean gestation at delivery was 36.5 weeks found no significant 

effect of weeks of gestation on mental or psychomotor development at 18 months of age 

(McCowan, Pryor, & Harding, 2002). 

This thesis specifically focuses on children born at term (37 completed weeks of 

gestation or greater).  Wilcox (2001) has argued that by restricting a sample to term 

births “the influence of gestational age is minor and can be ignored” (p. 1239).  In 

support, previous ABC study research found that term gestational age was not 

significantly associated with developmental delay at 1 year or preschool intelligence in 
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either the weighted total sample of children or the SGA group (Slykerman, 2005).  

However, the effect of gestational age on intelligence in middle childhood, particularly 

in SGA children born at term, warrants further investigation. 

2.2.7 Delivery Method 

There has been debate regarding whether methods of delivery at birth are associated 

with later cognitive functioning, and in particular whether delivery complications are 

associated with poorer outcomes.  Babies born by caesarean section, forceps, or breech 

vaginal delivery are at an increased risk of perinatal mortality and morbidity (Gilbert, 

Hicks, Boe, & Danielsen, 2003; Harlap et al., 1971).  Less is known about the long-term 

cognitive effects of delivery method. 

Studies of children born before the 1980s show mixed results.  Both Silva and 

colleagues (1979) and McBride and colleagues (1979) found no significant association 

between modes of delivery and children’s developmental milestones.  Friedman and 

colleagues (1984) found that babies born by midforcep delivery had significantly lower 

IQ scores.  However, this study did not adequately control for confounding variables 

such as socioeconomic status.  Another study of over 4000 men born in the early 1970s 

found that breech presentation at birth was associated with lower adult IQ scores 

(Sorensen et al., 1999).  In contrast, a study of over 50,000 teenagers found no 

difference in the IQ scores of teenagers born spontaneously, by forceps or by vacuum, 

after adjusting for SES, parental and familial factors (Seidman et al., 1991a).  Another 

study found that children born in the 1950s and 1960s by non-vertex delivery (elective 

section, breech or internal podalic version) showed a small but significant increase in IQ 

scores at 8 to 10 years compared with their siblings (Roemer & Rowland, 1994).  

Roemer and colleagues (1991) found that children born in the 1950s after prolonged 

labour prior to caesarean section had lower IQ scores than siblings delivered by 

caesarean without prolonged labour. 

Studies on younger cohorts have found little effect of delivery method on children’s 

cognitive function.  No differences in cognitive ability have been found for caesarean 

section births (Litt, Armon, Seidman, Yafe, & Gale, 1993), forcep deliveries (including 

midforcep deliveries) (Wesley, van den Berg, & Reece, 1993), vacuum extractor 

deliveries (Ngan, Miu, Ko, & Ma, 1990) and babies born by breech position (either by 
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planned vaginal delivery or planned caesarean) (Molkenboer, Roumen, Smits, & 

Nijhuis, 2006).    

In summary, earlier studies in this area have been inconclusive regarding the impact that 

method of delivery has on later cognitive outcomes.  Rates of birth interventions, in 

particular caesarean section deliveries, have increased over the last 30 years (Seidman et 

al., 1991a).  Studies of children born more recently show little effect of delivery method 

of cognitive functioning.  This may be partly due to improvements in obstetric 

monitoring and the care of “at risk” babies.  Of these recent studies, only one was 

undertaken on children older than 5 years of age (Ngan et al., 1990).  Therefore, the 

study of the long-term effects of delivery method in recent cohorts is an area that 

warrants further investigation. 

2.3 Socio-demographic Factors 

2.3.1 Socioeconomic Status and Parental Education 

This section will begin by examining definitions of socioeconomic status (SES).  

Secondly, studies that have examined SES and cognitive development will be reviewed.  

Thirdly, research on parental education and children’s ability will be discussed.  Finally, 

potential mechanisms that underlie the associations found between measures of SES and 

cognition will be described.  

2.3.1.1 Defining SES  

SES has been defined as different types of capital, including financial capital (material 

resources, such as income and occupation), social capital (social networks and 

connections) and human capital (resources such as education) (Bradley & Corwyn, 

2002).  SES is considered a composite measure that includes a number of different, 

interrelated factors.  Parental income, parental occupation and parental education are the 

three most common ways of measuring SES.  One review, however, found more than 70 

different measures of SES including family mobility, ethnicity, number of siblings and 

home atmosphere (White, 1982).  Although different SES measures are associated, 

separately they are considered to measure different aspects of children’s environments.  

Researchers have argued that in order to measure SES appropriately, information on 

multiple SES factors should be collected (Bradley & Corwyn, 2002; White, 1982).  
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Furthermore, studies containing two or more SES measures have been found to account 

for greater variance in cognitive measures, such as academic achievement (White, 

1982).  Studies have also examined how poverty impacts of children’s cognitive 

development.  Poverty in developed countries is defined as children who live in families 

whose income is lower than 50 percent of the national median household income 

(UNICEF, 2000). 

2.3.1.2 Studies of SES 

In this section, studies that have examined SES in relation to children’s cognitive ability 

will be reviewed.  Research that focuses specifically on parental education will then be 

discussed. 

Research on children under two years of age has found that SES measures are 

significantly associated with infant measures of ability (Arriaga, Fenson, Cronan, & 

Pethick, 1998; Bendersky & Lewis, 1994; Bradley, Caldwell, Rock, & Casey, 1987; 

Grantham-McGregor, Lira, Ashworth, Morris, & Assuncao, 1998; White, 1982).  For 

example, Bradley and colleagues (1987) examined cognitive development in 87 LBW 

infants using the Bayley Mental Development Index (MDI).  They found that low 

parental occupational status was significantly associated with lower cognitive 

functioning at 18 months after adjusting for a number of child factors (e.g. neonatal 

complications) and family factors (e.g. marital status and home environment).  In this 

study, parental education and income were not associated with MDI in multivariable 

analyses.  Bendersky and Lewis (1994), in a study of 175 preterm children, also found 

that low family social class (measured by parental education and occupation) showed a 

small but significant association with lower scores on the MDI as well as receptive 

language measures. 

Most studies of SES and intelligence have been undertaken on children older than two 

years of age.  Similar to infant studies, a number of these studies have found that lower 

SES is related to lower scores of cognitive functioning (Bronman, Nichols, & Kennedy, 

1975; Lawlor et al., 2005; Parcel & Menaghan, 1990; Sameroff, Seifer, Barocas, Zax, & 

Greenspan, 1987; L. Smith, Fagan, & Ulvund, 2002).  In a longitudinal study of 26,760 

children published in 1975, SES (parental occupation) and maternal education were 

found to be the most predictive factors in relation to children’s intelligence at 4 years of 

age (Bronman, Nichols, & Kennedy, 1975).  Samerof and colleagues (1987) also 
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examined SES (based on occupational status) in relation to intelligence at 4 years and 

found that lower SES was associated with lower verbal IQ scores.  In a recently 

published study of 10,424 children born in Aberdeen between 1950-56, researchers 

found that father’s occupation at time of birth was independently associated with 

childhood intelligence at 7, 9 and 11 years of age (Lawlor et al., 2005).  Parcel and 

Menaghan (1990) examined whether types of maternal occupations (e.g. manual work) 

were associated with verbal ability in children aged 3 to 6 years.  They found that higher 

maternal hourly wage independently predicted children’s verbal ability.  In contrast, 

occupational complexity (e.g. the type of work and the demands of the job) was only 

associated with offspring’s verbal ability in univariate analysis.  Not all studies have 

found significant associations between parental occupational status and children’s 

intelligence.  For example, Wilson and Matheny (1983) examined factors associated 

with intelligence from 6 months to 6 years in 116 families with twins.  In this study, 

parental occupational status no longer significantly predicted intelligence after the 

analysis had controlled for father’s education. 

Parental income has also been significantly associated with IQ.  Duncan and colleagues 

(Bacharach & Baumeister, 1998b; G. J. Duncan, Brooks-Gunn, & Klebanov, 1994; 

Linver, Brooks-Gunn, & Kohen, 2002) found in a US study of nearly 900 LBW 

children that low family income and poverty status were significantly associated with 

lower intelligence scores at five years of age.  These results were significant even after 

controlling for a number of confounders including maternal education and ethnicity.  A 

second US study found that family income was associated with children’s preschool 

intelligence (Linver, Brooks-Gunn, & Kohen, 2002).  This study also found an indirect 

association between family income and intelligence, mediated by home environment as 

measured by Home Observation for Measurement of the Environment (HOME) scales 

(Bradley & Caldwell, 1980; Bradley et al., 1989).  Bacharach and Baumeister (1998b) 

also found that lower parental income was significantly associated with lower IQ scores 

at 3 years in children born to both low IQ and average IQ mothers.  Family income and 

home environment also mediated the association between maternal IQ and child IQ 

(Bacharach & Baumeister, 1998a).  A recent study found that SES modified the 

heritability of intelligence in a sample of 320 twins aged 7 years (Turkheimer, Haley, 

Waldron, D'Onofrio, & Gottesman, 2003).  In this study, 60 percent of the variance in 



 38

IQ in children living in impoverished families was attributable to shared environment.  

In contrast, SES contributed less to IQ differences in children not living in poverty. 

SES has been found to be associated with cognitive readiness to start school 

(Guidubaldi & Perry, 1984; Stipek & Ryan, 1997).  For example, Stipek and Ryan 

(1997) found that children from low income families who were starting school scored 

significantly lower on eight cognitive tests, including letter-reading, number skills, and 

verbal fluency measures, compared with their peers from average income families.  

These differences between the two groups remained after one to two years at school 

even though SES was not associated with children’s motivation, self-confidence and 

expectations of success at school. 

SES in early life may also be associated with cognitive ability in adolescence and 

adulthood (Jefferis, Power, & Hertzman, 2002; Kaplan et al., 2001; Lawlor et al., 2006).  

For example, a recent Australian study examined a number of determinants of 

intelligence in over 3000 children and adolescents (Lawlor et al., 2006).  Parental 

education, family income and breastfeeding were found to be the best predictors of 

children’s verbal intelligence at 5 years and nonverbal intelligence at 14 years of age, 

with parental education being the strongest determinant.  A second study of 496 Finnish 

men aged between 58 and 64 years found that father’s occupation and mother’s 

education were independently associated with three of the five administered 

neuropsychological tests (Kaplan et al., 2001).  When analyses controlled for the 

respondent’s own education level, mother’s education remained significantly associated 

with respondent’s cognitive measures, but father’s occupation was no longer significant.  

The researchers concluded that father’s occupation was important to offspring’s later 

intelligence; however it was indirectly associated with intelligence through the 

offspring’s educational achievements. 

SES has also been associated with measures of academic achievement.  In a review of 

almost 200 studies, White (1982) found that overall SES measures showed a weak 

association with measures of academic achievement (r=0.22), although multiple 

measures of SES were found to account for greater variance.  More recently, higher 

family income has been associated with completed schooling (i.e. not dropping out of 

high school) (G. J. Duncan, Yeung, Brooks-Gunn, & Smith, 1998).  Parental 

socioeconomic status at birth has also been associated with university participation, 
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even after controlling for factors such as intelligence at eight years and a number of 

socio-demographic variables (e.g. maternal age and education) (Fergusson & 

Woodward, 2000). 

The timing and severity of poverty and low SES may be important.  Recent research on 

poverty in children suggests that long term, severe poverty compared with transitory 

poverty may be particularly detrimental to children’s cognitive development (Brooks-

Gunn & Duncan, 1997; G. J. Duncan, Brooks-Gunn, & Klebanov, 1994; Fergusson & 

Woodward, 2000; McLoyd, 1998).  Poverty in early and middle childhood has been 

found to be more important in influencing cognitive outcomes than poverty in 

adolescence (Brooks-Gunn & Duncan, 1997; G. J. Duncan, Brooks-Gunn, & Klebanov, 

1994; G. J. Duncan, Yeung, Brooks-Gunn, & Smith, 1998).  Although one study found 

that while poverty in childhood affected measures of ability, poverty in adolescence was 

associated with adolescent academic achievement (Guo, 1998). 

Few studies have examined whether the effects of SES on children’s intelligence differ 

according to whether children are born SGA or AGA.  As discussed previously, 

Sommerfelt and colleagues (2000) found no significant interactions between 

birthweight status (SGA, AGA) and parental predictor variables (maternal age, maternal 

IQ, parental income, child rearing practices, maternal social support and maternal 

psychological distress) on intelligence.  This study did not, however, examine parental 

occupation or parental education.  Another case-control study by Sommerfelt and 

colleagues (Sommerfelt, Ellertsen, & Markestad, 1995) on LBW children also found no 

significant interaction between birthweight group and parental predictor variables, 

including parental income and education.   In previous research at the ABC study, 

Slykerman (2005) found that low SES was significantly associated with lower 

intelligence scores at 3.5 years in SGA children.  However, this research did not 

examine whether the effects of SES on intelligence differed for SGA children compared 

with their AGA peers. 

In summary, a number of studies have found that parental occupation and income are 

associated with cognitive measures from infancy to adulthood.  Studies have also found 

that SES in early and middle childhood may be particularly important for later cognitive 

functioning.  Few studies have examined the association between SES factors and 
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intelligence in SGA children or whether SGA children are more vulnerable to lower 

SES compared with their AGA peers. 

2.3.1.3 Studies of Parental Education 

A number of studies reviewed in the previous section examined the influence of 

parental education on children’s cognitive ability.  This area of research will now be 

covered in further detail. 

As noted previously, SES measures such as parental education and income are 

associated, however, they are considered to measure different aspects of children’s 

environments.  For example, family income is thought to impact more on the 

availability of material resources available to a child, whereas parental education is 

linked with nonmaterial resources such as parental attitudes towards education and 

understanding of child development (Dollaghan et al., 1999; Entwisle & Astone, 1994).  

Parental education is also considered to be a more stable measure of SES compared 

with parental income (G. J. Duncan, Brooks-Gunn, & Klebanov, 1994).  Furthermore, 

parental education is used in studies as a marker of parental intelligence and is thought 

to be linked with children’s intelligence through both genetic and environmental factors 

(Lawlor et al., 2006). 

Maternal and paternal education have been found to be moderate to strong predictors of 

children’s cognitive ability (Kaplan et al., 2001; Lawlor et al., 2006; R. S. Wilson & 

Matheny, 1983).  Early studies in this area found that measures of parental education 

were associated with children’s intelligence in Hawaiian (Pearson, 1969), Iranian 

(Mehryar, 1972) and African American children (Little, Kenny, & Middleton, 1973).  

These early studies did however, suffer from methodological problems such as, small 

sample sizes (e.g. n=108) (Little, Kenny, & Middleton, 1973) and inadequate control of 

potential confounders (Mehryar, 1972).  

More recent studies have also found associations between measures of parental 

education and children’s cognitive ability.  Some of these studies included a number of 

SES measures (e.g. Bee, 1982; Ricciuti & Scarr, 1990), while others focused 

specifically on parental education (e.g. Ardila, Rosselli, Matute, & Guajardo, 2005; 

Dollaghan et al., 1999; Roberts, Bornstein, Slater, & Barrett, 1999; Roe & Bronstein, 

1988).  The influence of parental education on cognitive development may begin in 
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early life.  Roe and Bronstein (1988) found that 3-month infants of mothers with high 

education levels showed higher cognitive processing scores compared with infants of 

mothers who had lower educational status.  To assess infant’s cognitive processing, 

researchers used infant’s differential vocal responsiveness (DVR) to mothers versus 

strangers, a behaviour associated with later cognitive functioning.  Roberts and 

colleagues (1999) found that both maternal and paternal education was associated with 

mental development scores (MDI) at 27 months of age.  However, analyses in this study 

did not control for other potential confounding factors.  Another study of 1,120 infants 

found that after adjustment for potential confounders, maternal SES (a combination of 

maternal occupation and education) was significantly associated with the MDI in 2-year 

olds (Ricciuti & Scarr, 1990).  Not all studies have found an association between 

measures of parental education and infant measures of development.  As mentioned 

previously, Bradley and colleagues (1987) found that parental occupational status, but 

not parental education or income, were related to mental development scores. 

A number of studies of children in early to middle childhood have found significant 

associations between parental education and measures of cognitive ability.  For 

example, Bee and colleagues (1982) found that children aged between 2 to 4 years 

whose mothers had more than a high school education had significantly higher mental 

and language scores, compared with children whose mothers had a high school 

education or less.  The researchers combined information on maternal education, stress 

and social support to examine the overall effect of these measures on IQ at 4 years.  

This composite measure of family environment was strongly associated with IQ when 

the analysis adjusted for perinatal and infant health factors, cognitive performance in 

infancy and home environment.  Sommerfelt and colleagues (1995) found that paternal 

education was one of the strongest predictors of both verbal and non-verbal intelligence 

in a sample of 144 LBW children aged 5 years. 

Parental education may be particularly important for children’s language development.  

In a study of 240 3-year old children, researchers found that children’s speech was 

significantly associated with maternal education level (Dollaghan et al., 1999).  In 

particular, higher maternal education was significantly associated with children using a 

greater number of words, a greater number of different words and greater mean length 

of utterance in morphemes.  Similarly, Hoff (2003a) found that children of mothers with 
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higher education and SES used a larger vocabulary and scored significantly higher on a 

test of productive vocabulary compared with children of middle SES mothers.  Higher 

maternal education has also been significantly associated with higher scores of verbal 

intelligence in children as measured by the Peabody Picture Vocabulary Test (PPVT) 

(Dollaghan et al., 1999; Poresky & Whitsitt, 1985). 

Like parental income (Turkheimer, Haley, Waldron, D'Onofrio, & Gottesman, 2003), 

parental education may modify the heritability of intelligence in children (Neiss & 

Rowe, 2000; Rowe, Jacobson, & Van den Oord, 1999).  For example, Rowe and 

colleagues (1999) examined data from the US National Longitudinal Study of 

Adolescent Health on sibling pairs, including twins, half siblings and unrelated siblings.  

They found that for measures of verbal intelligence, the contribution of shared 

environment increased, and heritability decreased, for adolescents in less educated 

families.  The study also found that adolescents in more educated families had 

significantly higher verbal IQ scores compared with their counterparts from less 

educated families.     

The influence of parental education is not isolated to standard measures of children’s 

intelligence.  Parental education has also been associated with other measures of 

cognitive functioning.  For example, a recent Spanish study of 622 children aged 

between 5 to 14 years, found that parents educational level was significantly associated 

with measures of executive functioning, including verbal fluency, matrices and card 

sorting tasks (Ardila, Rosselli, Matute, & Guajardo, 2005). 

In summary, parental education is a strong predictor of children’s cognitive ability and 

differences between children in high and low educated families are evident from 

infancy.  Parental education may be particularly important for the development of 

verbal abilities.  Most studies in this area have focused on maternal education, and less 

is known about the effects of paternal education. 

2.3.1.4 Mechanisms  

This section will briefly examine the possible mechanisms underlying the association 

between SES measures, including parental education, and children’s cognitive 

development.  The influence of SES on children’s ability is likely to be complex and 

multifaceted.  SES variables, in particular parental education, are likely to affect 
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intelligence partly through genetic transmission from parent to child (Neiss & Rowe, 

2000; Neiss, Rowe, & Rodgers, 2002; Rowe, Jacobson, & Van den Oord, 1999).  For 

example, Silva and colleagues (1982) found that maternal intelligence was associated 

with higher SES (Silva, McGee, Thomas, & Williams, 1982).      

Brooks-Gunn and Duncan (1997) proposed five mechanisms or pathways through 

which SES operates: health and nutrition; the home environment; parental interactions 

with children; parental mental health; and neighbourhood conditions (e.g. schooling, 

parks, peer influences).  Support for these mechanisms come from a number of studies.  

Firstly, SES is strongly associated with health outcomes across the continuum of SES 

status (Adler, Boyce, Chesney, & Cohen, 1994; McLoyd, 1998; S. E. Taylor, Repetti, & 

Seeman, 1997) and lower SES is associated with poorer health outcomes related to 

poorer living conditions and limited access to health.  Parker and colleagues (1988) 

described the double jeopardy of children living in poverty, where poorer children are 

more likely to be exposed to risk factors like medical illness and then experience more 

serious consequences of that exposure.  Lower SES has also been associated with 

poorer nutrition in both developing and developed countries (e.g. Gordon, 1997; North-

Stone & Emmett, 2000).  Secondly, studies have shown that SES influences the home 

environment (Bacharach & Baumeister, 1998a; Linver, Brooks-Gunn, & Kohen, 2002).  

For example, one longitudinal study found that poverty status was significantly related 

to the quality of the home environment and improvements in income had the strongest 

effect on the home environments of children who had suffered from long-term poverty 

(Garrett, Ng'andu, & Ferron, 1994).  Thirdly, SES differences have been found in 

parent-child interactions.  Mother and child studies undertaken by Erika Hoff-Ginsberg 

(Hoff-Ginsberg, 1991, 1998; Hoff, 2003a, 2003b) have shown that higher SES mothers, 

compared with middle and lower SES mothers, talk more per unit of time, use richer 

vocabulary, sustain conversations with their children longer and ask more questions.  

Fourthly, SES is associated with a range of parental factors, such as parental mental 

health, stress, social support, maternal age, marital status and maternal smoking.  A 

good example of the complex interactions found between parental factors and cognitive 

development comes from a study of over 1000 Bermudian infants (Ricciuti & Scarr, 

1990).  In this study fathers’ absence was correlated with lower SES and hours of 

maternal employment.  The researchers also found that children who lived in single 

mother families were at an increased risk of cognitive impairment at 2 years, and single 
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mothers reported more stress than mothers with spouses.  Finally, the neighbourhoods 

where low SES families live may impact on children’s cognitive development through 

factors such as a lack of resources (e.g. playground facilities), neighbourhood violence 

and negative peer influences (McLoyd, 1998). 

In summary, SES factors including parental occupation, income and education have 

been associated with children’s cognitive development.  SES appears to be particularly 

important for the development of verbal ability and language.  Most studies of parental 

education have examined maternal education, and fewer studies have looked at the role 

of paternal education.  There are a number of proposed mechanisms that underlie the 

associations found between SES measures and ability.  Understanding the impact that 

low SES and poverty have on children is particularly important as SES factors are 

potentially modifiable. 

2.3.2 Maternal Marital Status 

Single parenthood, parental divorce, non-marital childbearing and step-families are 

common in today’s society.  For example, approximately 20 percent of children in NZ, 

Australia, Canada and the UK live in a one parent family at any one time (Pryor & 

Trinder, 2004).  Therefore understanding the effect that maternal marital status has on 

children’s cognitive development is important.  This section will begin by examining 

the factors associated with maternal marital status.  Studies focusing on how marital 

status is related to children’s cognitive functioning will then be reviewed. 

Researchers who investigate the association between maternal marital status, in 

particular single parenthood, and children’s cognitive outcomes are faced with similar 

issues as those studying the effects of maternal age.  Firstly, social and economic 

disadvantage and single parenting often co-exists.  Single mothers, compared to married 

mothers, are more likely to be: younger (Card, 1981; Clarke-Stewart, Vandell, 

McCartney, Owen, & Booth, 2000; P. Cohen, Belmont, Dryfoos, Stein, & Zayac, 1980; 

Fergusson & Woodward, 1999); less educated (Clarke-Stewart, Vandell, McCartney, 

Owen, & Booth, 2000); receive less social support (Amato, 1993; Seltzer, 1994) have 

lower occupational status (Ricciuti & Scarr, 1990) and are poorer (Brooks-Gunn & 

Duncan, 1997; Clarke-Stewart, Vandell, McCartney, Owen, & Booth, 2000; G. J. 

Duncan, Yeung, Brooks-Gunn, & Smith, 1998; Shinn, 1979; J. R. Smith, Brooks-Gunn, 
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& Klebanov, 1997).  Secondly, parent-child interaction may also differ as a result of 

maternal marital status (Shinn, 1979; Thomson, McLanahan, & Curtin, 1992).  For 

example, one study of 340 mothers found that single mothers of infants provided less 

stimulation at home, had more traditional child rearing beliefs (e.g. authoritarian 

parenting styles), and were more likely to be depressed compared with married mothers 

(Clarke-Stewart, Vandell, McCartney, Owen, & Booth, 2000).  In this study, separated 

mothers were also younger, less educated, had lower incomes, held more traditional 

child-rearing beliefs and worked longer hours than married mothers. Prior to separation, 

these mothers also had lower incomes and more marital conflicts compared with 

married non-separated mothers.  A study of 3,728 adolescents found that compared with 

married parents, single parents reported less supervision and control over their 

adolescent children (Thomson, McLanahan, & Curtin, 1992).  This study also found 

that stepmothers, stepfathers and cohabiting male partners engaged in less child-related 

activities and expressed less positive feelings towards the children than the biological 

parents.  Marital status has therefore been described as a proxy variable for a complex 

network of correlations that affect the family structure and social support resources 

(Bacharach & Baumeister, 1998b). 

Most studies that have examined the effect of maternal marital status on children’s 

cognition have focused on children’s achievement (Amato & Keith, 1991; Cooksey, 

1997; DeGarmo, Forgatch, & Martinez, 1999; Guidubaldi & Perry, 1984; Krein & 

Beller, 1988; Menaghan, Kowaleski-Jones, & Mott, 1997; Shinn, 1979).  A 1991 meta-

analysis found that parental divorce, resulting in single parent families, was associated 

with significantly poorer academic performance in children (Amato & Keith, 1991).  In 

studies that had controlled for potential confounders, however, this association was 

found to be weaker.  Furthermore, larger effect sizes of differences in academic 

achievement were found in earlier studies (in the 1960s and 70s) compared with studies 

in the late 1980s.   

In a more recent study, Cooksey (1997) examined whether reading and mathematical 

abilities, in children between the ages of 6 and 9 years, were significantly associated 

with marital status in younger mothers from the US National Longitudinal Survey of 

Youth.  The study found that children born out of wedlock or whose mothers later 

married scored significantly lower on reading comprehension, but not on mathematics 
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or reading recognition after controlling for confounding factors (e.g. poverty).  

Surprisingly, children whose parents had divorced had significantly better mathematical 

ability compared with children in married families.  One reason for this is that the study 

concentrated on younger mothers whose relationships may include more conflict 

compared with the relationships of older mothers (e.g. Moffitt, 2002), possibly making 

divorce a more positive option for parents.  In a later study of this US cohort, 

researchers found that children aged between 10 and 14 years had significantly greater 

academic problems (e.g. participation in remedial classes) if their mother was in an 

informal union with a new man compared with children whose biological parents were 

married (Menaghan, Kowaleski-Jones, & Mott, 1997).  Children whose mothers lived 

with a new man were also found to have significantly less cognitive stimulation (i.e. 

diverse sets of supports for intellectual growth including books and regular reading 

time) and less parental structuring/involvement (e.g. rules regarding homework).  

However, no differences were found in reported academic problems for children in 

single mother families or in married mother-stepfather families compared with children 

in married parent families. 

Maternal marital status may be associated with educational attainment in adulthood.  

For example, greater time spent living in single parent families has been associated with 

lower educational attainment (e.g. fewer years of completed schooling) in adulthood 

(Krein & Beller, 1988).  Living in a two parent family during middle childhood and 

adolescence has also been significantly associated with better literacy scores in young 

adulthood (Baydar, Brooks-Gunn, & Furstenberg, 1993). 

These studies suggest that maternal marital status is significantly associated with 

children’s academic achievement.  Studies examining the association between marital 

status and children’s intelligence have been less conclusive.  For example, in a study of 

115 preschool children, researchers found that single parent status negatively predicted 

academic readiness and visual-motor skills but not intellectual measures, including 

verbal cognitive ability (Guidubaldi & Perry, 1984).  Other studies have also found that 

maternal marital status was not significantly associated with measures of infant (Clarke-

Stewart, Vandell, McCartney, Owen, & Booth, 2000), preschool (Clarke-Stewart, 

Vandell, McCartney, Owen, & Booth, 2000; J. R. Smith, Brooks-Gunn, & Klebanov, 

1997) and middle childhood (Lawlor et al., 2005) cognitive ability after controlling for 
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potential confounders such as parental income and education.  However, maternal 

marital status has been associated with children’s intelligence in other studies 

(Bacharach & Baumeister, 1998b; Hogan & Park, 2000; Little, Kenny, & Middleton, 

1973).  In particular, studies have found that infants and children born low birthweight 

(LBW) living in single mother families are more likely to show developmental delays 

(Hogan & Park, 2000) or have significantly lower intelligence scores (Bacharach & 

Baumeister, 1998b) compared with LBW children living in married families.  For 

example, Riccuiti and Scarr (1990) found that the interaction effect of being born LBW 

and father’s absence was associated with a small but significantly increased risk of 

cognitive impairment at 2 years of age.  Previous results from the ABC study, however, 

found no association between maternal marital status and preschool intelligence in term 

SGA children or in the total sample of children (Slykerman, 2005). 

In summary, a number of studies have found that maternal marital status is significantly 

associated with children’s academic achievement.  More recent studies have, however, 

focused on specialized populations (e.g. younger mothers), which may make these 

results less generalisable to the general population.  Studies using measures of 

children’s intelligence suggest that the effects of maternal marital status may be 

confounded by factors such as parental income and education.  However, maternal 

marital status may have a direct effect on the intellectual functioning of LBW children.  

Less is known about the influence of maternal marital status on intelligence in term 

SGA children.  The association between intelligence in middle childhood and maternal 

marital status in term SGA children is an area that requires investigation. 

2.3.3 Birth Order 

There have been numerous studies that have found an association between birth order 

and cognitive ability.  There are also a number of theories on how a child’s birth order 

influences their cognitive development.  This section will begin by providing a brief 

overview of the three main birth order and family size theories: the confluence model, 

the resource dilution hypothesis, and the admixture hypothesis.  Studies that have 

examined the influence of birth order on cognitive functioning will then be reviewed.  

Three key terms that will be used to discuss research in this area are sibship size, birth 

order and spacing (Steelman, 1985).  Sibship size refers to the total number of children 

in a family.  Birth order is the position of a child in relation to the age hierarchy of the 



 48

siblings in a family.  Spacing refers to the distance in time or interval between the births 

of children in a family.    

2.3.3.1  Birth Order Models and Theories 

Zajonc’s confluence model (Zajonc, 1976; , 1983, 2001) is based on the idea that within 

a family the intellectual growth of each member is dependent on other members of the 

family.  In this model all members contribute to the intellectual environment of the 

family.  Zajonc’s model allows for the quantification of the association between family 

configuration and intelligence and takes into account birth order, family size and child 

spacing.  Any increases in the number of siblings in a family result in the decline of the 

quality of the intellectual environment in the family.  However, Zajonc argues that older 

children are at an advantage compared with younger children because they take on the 

role as a tutor to their younger siblings, thereby attenuating the negative effect of family 

expansion.  An “only” child (a child without siblings) who does not have the 

opportunity to act as a tutor is predicted to have a lower score than an older child with a 

younger sibling.  First-born children are also at an advantage because they are exposed 

to more verbal interaction with their parents.  Larger age gaps between siblings are also 

considered to attenuate the effects of late birth order.  Zajonc hypothesized that the 

differences in intelligence as a function of birth order become apparent at a crossover 

age of 11 years (plus or minus two years).  Critics of the confluence model have argued 

that the relationship between family size or sibship size and intelligence is spurious 

(Guo & VanWey, 1999; Rodgers, Cleveland, Van den Oord, & Rowe, 2000; Wichman, 

Rodgers, & MacCallum, 2006).  Therefore other factors associated with birth order or 

sibship size are causally related to children’s cognitive ability, a view put forward by 

proponents of the admixture hypothesis (the third theory to be discussed in this section).     

The resource dilution theory hypothesizes that as the number of children in a family 

increases, the resources available for each child provided by the parents decreases 

(Blake, 1981).  Siblings compete for a finite amount of financial resources and parental 

time and these factors influence children’s cognitive development.  Therefore, children 

in smaller families have an advantage over those in larger families (Downey, 2001).  

Blake (1981) also contends that only children are not disadvantaged due to a lack of 

siblings.  One limitation of this theory comes from cross-cultural studies that have 

found weak associations between sibship size and achievement in communities where 
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extended families provide a support network to help larger families cope (Shavit & 

Pierce, 1991).  In western societies the gradual reduction in average family size may 

also mean that the effects of resource dilution on children’s development are more 

modest (Downey, 2001). 

The admixture hypothesis was first proposed by Page and Grandon in 1979 (Page & 

Grandon, 1979).  An admixture is defined by the Oxford English Dictionary as the 

process of mixing or mingling one substance with another.  However, Page and 

Grandon hypothesized that the influence of family size and birth order is explained as a 

result of group admixtures that take place in between-family processes.  Therefore 

although birth order is associated with intelligence, the true causal factors are a number 

of interacting variables, such as socioeconomic status and parental IQ (Rodgers, 2001; 

Rodgers, Cleveland, Van den Oord, & Rowe, 2000, 2001) .  The admixture theory is 

therefore unlike the confluence model or the dilution theory that both propose that the 

learning and socialization processes that influence intelligence occur within the family 

(Rodgers, 2001).  Rodger and colleagues who have been strong proponents of the 

admixture hypothesis have argued that parental intelligence influences family size, 

which in turn is negatively associated with children’s intelligence.  In particular, using 

within-family data, these researchers have argued that parents with low IQ have larger 

families as opposed to larger families making lower-IQ children.  Critics of this theory 

have argued that within-family studies do not take into account within-family change 

over time, for example, increases in income (Michalski & Shackelford, 2001).  Another 

criticism of Rodger and colleagues work in particular, is that it overstates the 

importance of maternal IQ at the expense of family influences and size, and does not 

account for factors like maternal age, poverty and ethnicity (Armor, 2001). 

2.3.3.2 Studies of Birth Order 

A number of studies have found an association between cognitive functioning and birth 

order (Belmont & Marolla, 1973; Berbaum & Moreland, 1980; Ho, 1979; Hoff-

Ginsberg, 1998; Holmgren, Molander, & Nilsson, 2006; Lewis & Jaskir, 1983; Polit & 

Falbo, 1988; D. Wilson, Mundy-Castle, & Panditji, 1990; Zajonc, 1976).  Studies have 

also found that measures of cognitive ability and sibship size are associated (Belmont & 

Marolla, 1973; Blake, 1981; Holmgren, Molander, & Nilsson, 2006; Kuo & Hauser, 

1997; Lancer & Rim, 1984; Marjoribanks, 1976; Zajonc, 1976).  Most of these studies 
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have found that earlier born versus later born children and children in smaller families 

tend to score higher on measures of cognitive functioning.  In a review of studies 

examining only children, Polit and Falbo (1988) also found that only children scored 

higher on tests of intellectual achievement compared with later-born children.  There 

was no difference, however, between the scores of only children and first-born children. 

Studies in this area have found that birth order and sibship size may be particularly 

influential in language and verbal cognitive development (Ho, 1979; Lancer & Rim, 

1984; Marjoribanks, 1976).  Two more recent studies have suggested that language 

development and language learning environments may be different depending on birth 

order.  Hoff-Ginsberg (1998) recorded 63 children younger than 3 years of age in 

conversations with their mothers.  She found that first-born children had better lexical 

and grammatical development compared with later-born children.  Later-born children, 

however, were more advanced in their development of conversational speech.  In 

addition, mothers of first-born children used longer utterances but asked fewer 

questions than mothers of later-born children.  Pine (1995) found that first-born children 

were able to speak 50-words sooner than their younger siblings, however there was no 

difference in the age that 100 words were spoken. 

Other studies of birth order and sibship size have found no association with measures of 

cognitive ability (Guo & VanWey, 1999; Page & Grandon, 1979; Retherford & Sewell, 

1991; Rodgers, Cleveland, Van den Oord, & Rowe, 2000; Velandia, Grandon, & Page, 

1978; Wichman, Rodgers, & MacCallum, 2006).  Most of these studies have analysed 

sibling information using within-family study designs, as opposed to cross-sectional 

designs.  For example, Guo and VanWey (1999) found no association between sibship 

size and intellectual development using change or fixed-effects models to control for 

unmeasured effects of familial variables.  Wichman and colleagues (2006) also found 

no significant association between birth order and children’s intelligence in 7- to 8- year 

old and 13- to 14- year old children.  This study used multilevel analyses to take into 

account within-family and between-family variance as well as the age variance of the 

children (Wichman, Rodgers, & MacCallum, 2006). 

There is a suggestion that close spacing between the births of children may have a 

negative influence on intelligence and achievement (Lancer & Rim, 1984; Powell & 

Steelman, 1990; Wagner, Schubert, & Schubert, 1985).  For example, a study of nearly 
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2000 sixth-grade students and 796 of their siblings found that the negative association 

between birth order and intelligence was mitigated when age spacing between births 

was large (Lancer & Rim, 1984).   In a review of sibling spacing, Wagner and Schubert 

(1985) concluded that close spacing not only negatively impacted on intelligence and 

achievement, but also child health and longevity in adulthood. 

Most studies that have found significant associations between birth order and cognitive 

functioning have been undertaken with children and adolescents.  A very recent study of 

in adults suggests that birth order may affect certain cognitive aspects in adulthood 

(Holmgren, Molander, & Nilsson, 2006).  In this study, researchers found that sibship 

size was negatively associated with tests of executive function (word fluency and 

working memory), but not intelligence.  Earlier born adults also scored higher compared 

with later born adults on tests of executive function, but not intelligence measures.  This 

study, however, used only two intelligence subtests, block design (a non-verbal test) and 

word comprehension.  In addition, this study found that the association between sibship 

size and executive function was less pronounced in the younger group of adults 

compared with the older group. 

In summary, there is still much debate regarding how birth order is related to cognitive 

functioning. In general, studies in this area have found that earlier born children and 

children living in smaller families score higher on tests of cognitive ability.  

Furthermore, specific cognitive abilities, such as verbal ability, may be particularly 

affected by birth order    

2.4 Postnatal Factors 

2.4.1 Maternal Stress 

This section will focus on studies that have examined the association between maternal 

stress and children’s cognitive development.  In particular, studies of prenatal stress and 

studies examining stress in the family environment will be reviewed.  Stress is generally 

measured in two ways, either as general stress caused by stress-provoking events (e.g. 

life events, daily hassles) or by subjective stress appraisal (e.g. perceived stress) (Van 

den Bergh et al., 2005).  Researchers have also used endocrinologic measures, such as 

cortisol day profiles, to assess stress. 
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2.4.1.1 Stress in Pregnancy 

Prenatal stress has been found to associated with poorer pregnancy outcomes, such as 

preterm delivery (Dunkel-Schetter, 1998), and may have a long-term impact on 

children’s development.  However, there have been few published studies examining 

the influence of stress during pregnancy on children’s cognitive development.  In a 

study of 170 full-term infants, researchers found that stress during pregnancy was 

associated with significantly lower mental and motor development at 8 months after 

adjusting for a number of confounding factors   (Buitelaar, Huizink, Mulder, de Medina, 

& Visser, 2003; Huizink, Robles de Medina, Mulder, Visser, & Buitelaar, 2003).  In 

early pregnancy, high levels of everyday stress were related to lower cognitive scores in 

infancy.  During mid pregnancy, high levels of pregnancy-related anxiety were 

associated with lower mental and motor developmental scores.  In late pregnancy, high 

early morning levels of cortisol in maternal saliva were related to lower mental and 

motor scores at 3 months and motor development scores at 8 months.  A second study 

examined the impact of a natural disaster, the 1998 Quebec ice storm, on stress during 

pregnancy and the impact that stress had on the offspring’s intellectual and language 

functioning at 2 years of age (King & Laplante, 2005; Laplante et al., 2004).  The 

researchers found that higher levels of prenatal stress (the scope and threat of, and the 

loss and change caused by, the event) were significantly negatively associated with 

mental development, productive and receptive language abilities in adjusted analyses.  

The association between maternal stress and children’s intelligence has also been 

investigated in the ABC study (Slykerman, Thompson, Pryor et al., 2005).  Slykerman 

and colleagues (2005) found that higher maternal perceived stress during the last month 

of pregnancy was associated with significantly lower intelligence scores at 3.5 years in 

the total weighted sample of NZ European children.  Pregnancy stress may also be 

associated with lower school grades and increased negative behaviour (e.g. conduct 

problems) in school-aged children (Neiderhofer & Rieter, 2004; T. G. O'Connor, Heron, 

Golding, Beveridge, & Glover, 2002). 

Most of the research on stress during pregnancy and development has been undertaken 

in animal studies (Huizink, Robles de Medina, Mulder, Visser, & Buitelaar, 2003).  

Animal models have found that prenatal stress is associated with poor behavioural 

adaptation (e.g. higher irritability), motor and mental development (e.g. delayed object 

permanence) (Kofman, 2002; Schneider, 1992; Schneider, Roughton, Koehler, & 
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Lubach, 1999).  Although caution should be taken in generalizing these results to 

humans, animal studies are nevertheless important because they allow researchers to 

isolate the effects of prenatal stress without the lifestyle factors that may accompany 

stress (e.g. low SES). 

The timing of stress during pregnancy may also be important.  High levels of stress 

during early gestation may be particularly harmful to later development.  For example, 

the studies of the Quebec ice storm found that maternal stress in the first and second, 

but not third trimester was significantly associated with poorer mental development 

scores at 2 years of age (King & Laplante, 2005; Laplante et al., 2004). 

2.4.1.2 Maternal and Familial Stress 

There have been few studies that have examined the influence of maternal or family 

stress (after pregnancy) on children’s cognitive development.  One study found that 

parental (maternal and paternal) self-reported stress was significantly associated with 

poorer scores of expressive language ability in 4-year old children (Magill-Evans & 

Harrison, 2001).  Furthermore, mother’s perceptions of stress in relation to a child’s 

level of distractibility, was found to be the best predictor of expressive language.  This 

study did, however, suffer from a number of methodological problems.  Most 

concerning was the high number of analyses (120 correlations) that were undertaken on 

a sample size that contained fewer than 100 participants.  Slykerman and colleagues 

(2005) found that high maternal perceived stress at 3.5 years was associated with 

significantly lower intelligence scores in SGA children at 3.5 years at the ABC study.  

Sameroff and colleagues (1993) found that maternal stress measured by a stressful life 

events scale was significantly associated with IQ at 4 years, however, no association 

was found between maternal stress and children’s intelligence at 13 years. 

Other studies have found no significant association between stress and children’s 

intelligence.  Firstly, Bee and colleagues (1982) found that family stress, measured by 

the number of recent life events, was not significantly associated with children’s IQ at 4 

years.  Similarly, Bradley and colleagues (1987) found that parental stress measured by 

life events was not associated with mental development in LBW infants.  A third study 

also found that parental stress was not associated with expressive and receptive 

language ability in children aged 2 to 7 years (Chaffee, Cunningham, Secord-Gilbert, & 

Elbard, 1991). 
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If parental stress does negatively affect children’s cognitive functioning, then the timing 

and severity of parental stress may be particularly important.  A recent study using 

salivary cortisol levels, found that high levels of maternal stress in infancy may 

sensitize children to later stress exposure, compared with high levels of concurrent 

stress (measured at 4.5 years) (M. J. Essex, Klein, Cho, & Kalin, 2002).  Severe stress 

has also been found to be detrimental for children’s cognitive development.  For 

example, studies on the effects of exposure to domestic violence have found that 

children exposed to extreme stress score significantly lower on measures of intelligence 

(Koenen, Moffitt, Caspi, Taylor, & Purcell, 2003). 

If maternal stress is related to cognitive development, there are a number of 

mechanisms that might underlie this association.  Firstly, parental stress is associated 

with a number of family and socio-demographic factors, including low SES, low social 

support, and solo parenting (Adler, Boyce, Chesney, & Cohen, 1994; Brooks-Gunn & 

Duncan, 1997; Gyamfi, Brooks-Gunn, & Jackson, 2001; Menaghan, Kowaleski-Jones, 

& Mott, 1997; Shinn, 1979; S. E. Taylor, Repetti, & Seeman, 1997).  Maternal stress 

may also negatively affect mothers’ sensitivity towards, and ability to respond 

appropriately to, their children (Feldman & Eidelman, 2003; Parker, Greer, & 

Zuckerman, 1988).  Stress has also been found to have a physiological impact on 

children.  A study of toddlers exposed to mild stress found that viewing videos showing 

arguments between adults resulted in an increase in heart rate and blood pressure (El-

Sheikh, Cummings, & Goetsch, 1989).  Furthermore, researchers have argued that the 

hypothalamic-pituitary-adrenal (HPA) system may be an important mechanism through 

which stress affects development.  The HPA is activated during stress and results in the 

release of cortisol from the adrenal gland (Van den Bergh et al., 2005).  Animal 

research has found that stress, in particular prenatal stress, can cause permanent 

alterations in the developing HPA system (Kofman, 2002).     

In summary, it is difficult to conclude from the small number of studies in this area 

whether moderate to high levels of maternal stress are associated with poorer cognitive 

functioning in children.  Prenatal stress may affect children’s cognitive functioning in 

infancy and early childhood, however, little is known about the long-term effects of 

such exposure. 
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2.4.2 Maternal Social Support 

Social support has been defined as the availability of important, stable, meaningful 

relationships that provide security, physical and emotion care and a sense of 

interpersonal commitment (Shonkoff, 1985).  Formal support measures often include 

support given from agencies (e.g. midwives) and paid caregivers.  Informal support 

includes the wider family network, friends and work colleagues.  Understanding the role 

that social support plays in children’s development is important for a number of 

reasons.  Firstly, social support assists parents with parenting through emotional support 

and social reinforcement.  For example, greater maternal social support has been related 

to more positive parenting attitudes and maternal-infant interactive behaviour (e.g. 

emotional responsiveness) (Crnic, 1983).  Social support has also been found to have a 

stress-protective role by positively affecting parent’s ability to cope with stressors (S. 

Cohen, Sherrod, & Clark, 1986; Crnic, 1983; Dubow & Tisak, 1989; Magill-Evans & 

Harrison, 2001).  Furthermore, the availability of social support may also provide extra 

cognitive guidance and social stimulation for children (Parker, Greer, & Zuckerman, 

1988).  Support also lessens the financial burden on families (e.g. unpaid caregivers) (S. 

E. Taylor, Repetti, & Seeman, 1997). 

Few studies have examined the role that social support may have on children’s 

cognitive development.  Some studies have found that social support is significantly and 

positively associated with children’s cognitive functioning (Bee, 1982; Bradley, 

Caldwell, Rock, & Casey, 1987; Melson, Ladd, & Hsu, 1993; Slykerman, Thompson, 

Pryor et al., 2005; Sommer et al., 2000).  For example, one study of 69 middle-class 

mothers and children found that the size and quality of a mother’s social networks 

directly predicted preschool children’s verbal ability, basic knowledge and perceptual-

cognitive abilities (e.g. put the red car on the black box) (Melson, Ladd, & Hsu, 1993).  

Social support was also indirectly associated with cognitive performance through 

mother’s positive perceptions of parenting.  Another study of 121 teenage mothers 

found that high expectations of social support in pregnancy predicted higher intelligence 

and verbal ability scores in 3 year old children (Sommer et al., 2000).  A third 

longitudinal study found that social support in pregnancy and in infancy was associated 

with children’s intelligence at 4 years, particularly in low education families (Bee, 

1982).  The social support measure used in this study, however, was not a formal 
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measure of support, but arose from comments made by mothers during interviews about 

their family situations.  A fourth study found that social support measures (paternal 

support, general social support, social networks) were correlated with home 

environment and mental development in LBW infants, although the researchers did not 

report controlling for potential confounders (Bradley, Caldwell, Rock, & Casey, 1987).  

Previous ABC study research has also found that social support during pregnancy was 

significantly associated with higher IQ scores at 3.5 years in the total sample of children 

(Slykerman, 2005).  In this study, Slykerman and colleagues also examined whether 

social support may attenuate some of the effects of maternal stress on children’s 

intelligence at 3.5 years.  They found that despite a trend for high levels of social 

support at 3.5 years to be associated with an improvement in intelligence scores in 

children whose mothers were highly stressed; this finding was not statistically 

significant. 

All of the studies that have reported significant associations between social support and 

children’s cognitive functioning have been undertaken with preschool children.  Some 

of these studies, however, have contained only a small number of participants (Melson, 

Ladd, & Hsu, 1993) and have lacked appropriate statistical control of covariates 

(Bradley, Caldwell, Rock, & Casey, 1987; Melson, Ladd, & Hsu, 1993).  

Not all studies have found significant associations between social support measures and 

cognitive ability (Burchinal, Follmer, & Bryant, 1996; G. J. Duncan, Brooks-Gunn, & 

Klebanov, 1994; Sommerfelt, Ellertsen, & Markestad, 1995).  Duncan and colleagues 

(1994) found no association between social support (questions adapted from a social 

support questionnaire) and 5 year IQ scores in 895 LBW children in the Infant Health 

and Development Program (IHDP).  Sommerfelt and colleagues (1995), in a case-

control study of over 300 LBW and NBW children, examined maternal satisfaction with 

their family, friends and community social support networks in relation to children’s 

intelligence.  They found no association between maternal satisfaction with support and 

verbal or non-verbal intelligence scores at 5 years.  Using path analysis, another study 

of 129 parents and infants found that mother’s reported quality of their partner’s support 

was indirectly associated with mental development through parent-child interactive 

behaviour (van Bakel & Riksen-Walraven, 2002).  The researchers did not examine, 

however, whether there was a direct association between support and mental 
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development scores.  Similarly, researchers in a study of 62 low-income African 

American mothers found that women with larger support networks were more 

responsive with their infants and provided more stimulating home environments 

compared to women with smaller support networks (Burchinal, Follmer, & Bryant, 

1996).  However, maternal social support was not associated with measures of 

intelligence taken throughout early childhood up to 8 years of age, including full-scale 

IQ measured at 8 years of age.    

Although few studies have examined the association between social support and 

children’s intelligence, social support has been found to be associated with children’s 

adjustment to kindergarten (Pianta & Ball, 1993) and school (Homel, Burns, & 

Goodnow, 1987).  One study also found that grade point average was significantly 

associated with children’s own perceived social support at 8 to 10 years of age (Dubow 

& Tisak, 1989). 

In summary, research regarding whether social support affects children’s cognitive 

development has been inconclusive.  Inconsistency between study findings may be due 

to the fact that different studies have examined support at different times during the 

children’s lives using different measures of support.  A small number of studies have 

found significant associations between support measures and cognitive ability in 

preschool children.  Other longitudinal studies have found no association between 

support and intelligence scores.  Study findings suggest, however, that higher levels of 

social support are associated with better parent-child interaction and parental 

satisfaction. 

2.4.3 Breastfeeding  

Hoefer and Hardy (1929) were the first to investigate whether long-term breastfeeding 

was associated with cognitive scores in later childhood.  Since then numerous studies 

have examined the association between breastfeeding and intelligence.  This literature 

review will begin by reviewing research in this area and will focus on research 

conducted in the past twenty years.  Possible mechanisms underlying the association 

between breastfeeding and cognitive functioning will then be examined. 
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2.4.3.1 Breastfeeding Studies 

Most breastfeeding and intelligence studies have been undertaken on samples of 

children born full-term and NBW, and have excluded preterm and SGA babies (Table 

6).  This review will begin by examining studies of children who were not born SGA or 

LBW.    

Of the 22 studies reviewed in Table 6, 16 studies found a small but significant positive 

association between breastfeeding and intelligence measures in children and adolescents 

(Evenhouse & Reilly, 2005; Fergusson, Beautrais, & Silva, 1982; Florey, Leech, & 

Blackhall, 1995; Gomez-Sanchiz, Canete, Rodero, Baeza, & Gonzalez, 2004; 

Gustafsson, Duchen, Birberg, & Karlsson, 2004; Horwood & Fergusson, 1998; 

Morrow-Tlucak, Haude, & Ernhart, 1988; Niemela & Jarvenpaa, 1996; Oddy et al., 

2003; Paine, Makrides, & Gibson, 1999; Pollock, 1994; Quinn et al., 2001; Rogan & 

Gladen, 1993; B. Taylor & Wadsworth, 1984; Temboury, Otero, Polanco, & Arribas, 

1994; Young, Buckley, Hamza, & Mandarano, 1982).  A number of these studies also 

found a dose-response relationship, so that cognitive scores increased with increasing 

duration of breastfeeding (e.g. Oddy et al., 2003; Quinn et al., 2001).  Six studies 

reviewed found no significant association between breastfeeding and intelligence 

measures after controlling for potential confounders, such as, maternal education and 

socioeconomic status (Der, Batty, & Deary, 2006; S. W. Jacobson, Chiodo, & Jacobson, 

1999; S. W. Jacobson & Jacobson, 1992; Lucas et al., 1999; Malloy & Berendes, 1998; 

Wigg et al., 1998).  These studies did, however, find an association between 

breastfeeding and intelligence prior to the adjustment of confounders.  The age range of 

participants in the studies reviewed was between 6 months to 18 years of age.  

Breastfeeding measures used in these studies differed.  Most studies examined the 

duration of non-exclusive breastfeeding, while others also examined exclusive 

breastfeeding.  Exclusive breastfeeding is defined by the World Health Organization as 

the practice of feeding babies only breast milk (including expressed breast milk), as 

well as vitamins, minerals or medicine, but not formula, other liquids or solid foods 

(World Health Organization, 2001a, 2004b).  Of the studies reviewed, breastfeeding 

duration (primarily non-exclusive breastfeeding duration) was the most commonly used 

breastfeeding measurement. 
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Recent studies have also examined the long-term effects of breastfeeding on intelligence 

in adults.  Mortensen and colleagues (2002) found that duration of breastfeeding was 

significantly associated with verbal, performance and total IQ after controlling for 

potential confounders.  Gale and Martyn (1996) however, found no association in 

multivariable analyses. 

There are a number of research issues that impact on research in this area.  Firstly, 

because researchers have used different breastfeeding definitions it is difficult to assess 

the importance of exclusivity and duration of breastfeeding.  The reliability of maternal 

recall of breastfeeding is another problem, particularly for those researchers who have 

collected information years after breastfeeding has taken place (e.g. Pollock, 1994).  

The biggest debate in this area, however, is whether the association between 

breastfeeding and intelligence is a true biological effect or whether it is confounded by 

other factors (Quinn et al., 2001).  Studies have shown that breastfeeding behaviour is 

significantly associated with a range of maternal and familial factors, including higher 

parental education, parental intelligence and socioeconomic status.  Studies that have 

controlled for these confounding variables have found that the effect of breastfeeding on 

intelligence has been attenuated.  In some cases the difference is no longer significant 

between those children who are breastfed, or breastfed for longer periods, and those 

who are not.  Some researchers have argued that the association between breastfeeding 

and intelligence is primarily due to the confounding effects of parental intelligence and 

home environment, particularly child rearing abilities (Der, Batty, & Deary, 2006).  

Three of the six studies reviewed here, that found no association between breastfeeding 

and intelligence, controlled for maternal IQ (S. W. Jacobson, Chiodo, & Jacobson, 

1999; S. W. Jacobson & Jacobson, 1992; Wigg et al., 1998).  Other studies that have 

controlled for maternal IQ and home environment have, however, found a significant 

association between cognitive ability and intelligence (Fergusson, Beautrais, & Silva, 

1982; Morrow-Tlucak, Haude, & Ernhart, 1988).  Furthermore, those studies that do not 

control for maternal IQ often use maternal education as a proxy for maternal 

intelligence (e.g. Lucas et al., 1999). 

Authors of recent review articles on breastfeeding have also disagreed on whether 

breastfeeding is directly associated with children’s intelligence.  Grantham-McGregor 

and colleagues (1999) reviewed 24 studies and concluded that there was a small 
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cognitive benefit associated with breastfeeding.  Jain and colleagues (2002) reviewed 40 

studies of children older than 2 years of age.  They found that 68% (n=28) had 

concluded that breastfeeding was positively related to cognitive development (Jain, 

Concato, & Leventhal, 2002).  Jain et al. (2002), however, argued that most studies had 

methodological problems and those studies with fewer problems were less likely to find 

an association.  The authors concluded that there was no convincing evidence at present 

to support the claim that breastfeeding is associated with cognitive functioning.  Drane 

& Logeman (2000) also concluded that the association between breastfeeding and 

intelligence was still inconclusive. 

2.4.3.2 Studies of Breastfeeding in SGA or LBW children 

There are now a number of studies that have examined the association between 

breastfeeding and intelligence in children born LBW and preterm.  Of the studies 

reviewed (Table 7), all studies on LBW children found a significant association between 

breastfeeding and intelligence (Doyle, Rickards, Kelly, Ford, & Callanan, 1992; 

Feldman & Eidelman, 2003; Lucas, Morley, Cole, Lister, & Leeson-Payne, 1992; 

Morley, Cole, Powell, & Lucas, 1988; S. S. Morris, Grantham-McGregor, Lira, 

Assuncao, & Ashworth, 1999; D. L. O'Connor et al., 2003; M. M. Smith, Durkin, 

Hinton, Bellinger, & Kuhn, 2003).  Similar to studies of NBW children, longer 

durations of breastfeeding were associated with increased intelligence scores in LBW 

children (Lucas, Morley, Cole, Lister, & Leeson-Payne, 1992; D. L. O'Connor et al., 

2003; M. M. Smith, Durkin, Hinton, Bellinger, & Kuhn, 2003).  In addition, a recent 

meta-analysis found that LBW children who were breastfed showed greater cognitive 

advantage (5.18 IQ points) than breastfed NBW children (2.66 IQ  points), when groups 

were compared with children who were not breastfed (Anderson, Johnstone, & Remley, 

1999). 

Only three published studies have examined the association between breastfeeding and 

cognitive development in SGA children born at term (Morley et al., 2004; Rao, Hediger, 

Levine, Naficy, & Vik, 2002; Slykerman, Thompson, Becroft et al., 2005).  Rao and 

colleagues (2002) found that children born SGA at term showed greater cognitive 

benefits as a result of long-term exclusive breastfeeding than those children born AGA  

(Rao, Hediger, Levine, Naficy, & Vik, 2002).  In this study, breastfeeding was 

significantly associated with non-verbal intelligence but not verbal intelligence scores.  
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Children born SGA did not appear to benefit from shorter periods of breast feeding (less 

than 12 weeks of exclusive breastfeeding), as did the AGA infants.  Morley and 

colleagues (2004) found that SGA term infants that were breastfed compared with those 

who were not, had significantly higher infant mental and psychomotor scores. In a 

previous ABC study, Slykerman and colleagues (2005) also found that breastfeeding 

duration (both exclusive and non-exclusive) was associated with intelligence at 3.5 

years in SGA children born at term.  However, breastfeeding was not associated with 

intelligence in the total sample of children.  There has been no research, however, on 

term SGA children older than 5 years of age to examine the long-term effects of 

breastfeeding on intelligence in this group. 

2.4.3.3 Mechanisms 

There are a number of likely mechanisms that underlie the association between 

breastfeeding and intelligence.  As discussed previously, mothers who breastfeed have 

been found to be different from those who do not and this may confound the 

association.   

If the association between breastfeeding and intelligence is a true association then there 

are a number of hypothesized mechanisms.  Breast-feeding occurs at a time of rapid 

brain development, and breast milk may provide nutrients that are advantageous for this 

development.  For example, long-chain polyunsaturated fatty acids (LCPUFAs), in 

particular, docosahexaenoic acid (DHA), arachidonic acid (AA) and eicosapentaenoic 

acid have been hypothesized as nutrients that may link breastfeeding and cognition.  

LCPUFAs are derived from essential fatty acids that are important for early cerebral 

development and are found in large quantities in the brain and retina (Gordon, 1997).  

DHA and AA are also found in high concentrations in breast milk (Anderson, 

Johnstone, & Remley, 1999).  In utero, babies receive DHA mostly during the last 

trimester by placental transfer (Carnielli et al., 1996; Makrides & Gibson, 2002).  

Preterm babies who do not receive DHA from the placenta due to early delivery and are 

born with reduced fat stores, may be at risk of inadequate nutrition in infancy (Makrides 

& Gibson, 2002). 

Breastfeeding is also associated with fewer infant health problems.  For example, 

breastfeeding has been associated with lower rates of diarrhoea, chronic constipation, 

ear infections, gastrointestinal illness and respiratory tract infections (Grantham-
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McGregor, Fernald, & Sethuraman, 1999).  Breastfeeding may also be related to more 

maternal-child interaction and better mother-child attachment (the reciprocal, emotional 

tie between the mother and baby)(Else-Quest, Hyde, & Clark, 2003).  However, not all 

studies have found a significant association between method of infant feeding 

(breastfeeding versus bottle-feeding) and maternal attachment with infants (Wilkinson 

& Scherl, 2006).  

2.4.4 Pacifier Use 

Very few studies have examined the association between pacifier use in infancy and 

cognitive ability.  In 1996, Gale and colleagues published a UK study in the Lancet that 

found pacifier use in infancy was significantly associated with lower IQ scores in adults 

born between 1920 and 1930 in Hertfordshire (Gale & Martyn, 1996).  Other factors 

such as father’s occupation, family size and maternal age were all significantly 

associated with IQ after controlling for potential confounders, however, pacifier use 

showed the strongest association with lower intelligence scores.  In contrast, 

breastfeeding was associated with higher IQ scores, but this association was not 

significant after the adjustment of other confounders.  There were a number of 

limitations with this study.  Firstly, the sample of adults was unrepresentative of the 

people who were born in this area by focusing only on the 70 year olds that still lived in 

Hertfordshire.  Analyses did not control for other SES variables, such as parental 

education, although in this study breastfeeding in the 1920s and 1930s was associated 

with lower social class (Lucas & Morley, 1996).  Researchers did control for social 

class, but it was a crude measure (manual versus non-manual).  In a letter to the Editor 

regarding the Gale and Martyn article, Lucas and Morley (1996) provided data from 

their randomized control trial of breastfeeding.  They found no association between 

dummy use and infant cognitive measures.  A study of over 1000 Brazilian infants 

assessed the association between breastfeeding, pacifier use and infant development at 

12 months of age (Barros et al., 1995).  Researchers found that shorter periods of 

breastfeeding duration, but not pacifier use, were significantly associated with 

developmental delay after controlling for multiple variables.  Pacifier use was not 

associated with developmental delay at 12 months or children’s intelligence at 3 ½ 

years in the ABC study (Slykerman, 2005).  Pacifier use was however, associated with 

decreased breastfeeding duration (Slykerman, Thompson, Becroft et al., 2005). 
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A number of other studies have also found that regular pacifier use is associated with 

reduced durations of breastfeeding (Barros et al., 1995; Cunha, Leite, & Machado, 

2005; Howard et al., 2003; Victora, Tomasi, Olinto, & Barros, 1993; Vogel, Hutchison, 

& Mitchell, 2001).  Regular pacifier use has also been associated with higher incidence 

of acute otitis media (Garrelts & Melnyk, 2001), reported earache and colic (North-

Stone, Fleming, & Golding, 2000) and reduced risk of sudden infant death syndrome 

(Mitchell & Scragg, 1993; Mitchell et al., 1992).  Mothers who give their infants 

pacifiers may also be different from mothers who do not.  Recent results on more than 

10,000 infants in the Avon Longitudinal Study of Pregnancy and Childhood found that 

mothers of pacifier users were younger, had lower levels of education, more financial 

difficulties and lived in council housing (North-Stone, Fleming, & Golding, 2000). 

In summary, there is little evidence suggesting that pacifier use is directly associated 

with lower cognitive ability in children.  However, studies have not examined the 

association between pacifier use and intelligence in middle childhood. 

2.4.5 Developmental Delay 

This section will focus on the predictive significance of developmental delay in the first 

two years of life in relation to later measures of intelligence.  The review will begin by 

defining developmental delay and briefly describing measures used to assess delay in 

young children. 

Developmental delay is defined as “a condition in which functional aspects of the 

child’s development are significantly delayed relative to the expected level of 

development” (Simeonsson & Sharp, 1992, p. p. 867, p. 867).  Developmental delay is 

identified when a child does not reach a developmental milestone (e.g. walking) by a 

certain expected age (First & Palfrey, 1994).  The term developmental delay in clinical 

practice is usually restricted to preschool children (Simeonsson & Sharp, 1992), because 

in older children, clinicians are more likely to make precise diagnoses of specific 

problems such as speech impairment.  The aetiology of development delay is complex 

and multifactorial, caused by both biological factors (e.g. chromosomal disorders) and 

environmental factors (e.g. maternal stress) (Barros et al., 1995; Bishop & Edmundson, 

1986; First & Palfrey, 1994; B. H. Morris et al., 1999; Palfrey & Frazer, 2000; Silva, 
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1996; Slykerman, 2005; Sonnander & Claesson, 1999; Tomblin, Smith, & Zhang, 

1997). 

Gross motor, fine motor, language, cognitive and psychosocial function are all  

important developmental abilities for infants, toddlers and preschool children (First & 

Palfrey, 1994).  There are a number of techniques used to assess developmental delays 

in these areas.  Firstly, clinicians may undertake physical examinations of children 

including hearing and vision tests, and neurological examination (e.g. examination of 

primitive reflexes or asymmetry of tone or muscle strength) (First & Palfrey, 1994).  A 

number of screening tests have also been used to identify infants and toddlers with 

delay including the Denver Developmental Screening test (DDST) (Frankenburg & 

Dodds, 1974) and the revised version (RDDST) (Frankenburg, Fandal, & Thornton, 

1987), and more recently the Ages and Stages questionnaire (ASQ) (Squires, Potter, & 

Bricker, 1999).  These tests are designed to provide a short and easily administered test 

for the early diagnosis of developmental delays.  However, tests like the RDDST and 

ASQ have also been criticized for their limited specificity, resulting in an over-referral 

of children found to be developing normally (Glascoe et al., 1992; Skellern, Rogers, & 

O'Callaghan, 2001).  Measures of infant intelligence, such as the Bayley Scale of infant 

development, have also been used to assess developmental problems in young children.  

Using these tests, researchers identify delay in children whose scores fall considerably 

below the group mean (e.g. 1.5 to 2 standard deviations below the mean).  

The detection of developmental delay in infants and young children is important for a 

number of reasons.  Firstly, in cases where children have diseases where treatment is 

possible (e.g. hypothyroidism), early assessment may reduce the risk of further damage.  

Early intervention, such as early childhood education, may also help children’s 

language, social interaction and intellectual development (Ramey, Campbell, & Ramey, 

1999). 

There are a number of issues that affect the identification of young children with 

developmental delay.  Firstly, children vary greatly in the age at which they reach 

certain developmental milestones.  Secondly, children may be delayed in one 

developmental area (e.g. language) but not in other areas (e.g. gross motor); therefore, 

assessment tools need to examine a wide range of developmental outcomes.  Thirdly, 

the need for ongoing surveillance of young children exhibiting developmental delay is 
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also considered important for clinicians working with delayed children.  Finally, one 

important issue is whether developmental delays in early life can predict later 

developmental outcomes. 

Research that has examined the association between developmental delay, particularly 

in the first two years of life, and later measures of ability will be reviewed in the 

following section.  Studies that have assessed information processing in infancy (e.g. 

visual recognition memory and object permanence) are beyond the scope of this review.  

However, as noted previously, these studies have found moderate associations between 

the ability to process sensory information in infancy and later IQ scores (e.g. Bornstein 

& Sigman, 1986; DiLalla, Thompson, Plomin, & Phillips, 1990; S. A. Rose, Feldman, 

Futterweit, & Jankowski, 1997). 

2.4.5.1 Developmental Delay and Later Intelligence 

Developmental screening tests, such as the DDST, were not originally developed to 

predict intelligence or related outcomes.  However, these tests are often used to refer 

children for intervention and therefore studies that have examined whether these tests 

can predict later developmental outcomes are important (Greer, Bauchner, & 

Zuckerman, 1989).  Greer and colleagues (1989) reviewed five studies that measured 

developmental outcomes at least one year after the DDST was administered.  Children 

in these studies were aged between 3.5 years and 6 years of age at the time of the first 

screening test.  The review found that 41 percent of children who were identified as 

being developmentally delayed were later found to have poorer outcome on measures of 

ability (e.g. IQ measured by the Stanford Binet) and achievement (e.g. teacher reports).  

However, children who were had poorer school outcomes were twice as likely to have 

been previously identified as having questionable delay (1 delay) and were 14 times 

more likely to have previously been identified as having abnormal delay (2 delays).  A 

second study examined the predictive validity of the ASQ in a group of 167 children 

born preterm (Skellern, Rogers, & O'Callaghan, 2001).  Skellern and colleagues (2001) 

found that 40 percent of children who were identified with developmental delay were 

later found to show normal developmental outcomes (test scores that did not fall below 

1.0 standard deviation) on preschool measures of ability (e.g. general cognitive 

intelligence at 4 years).  However, the ASQ did have a high negative predictive value 

(98%), indicating that the questionnaire successfully identified non-developmentally 
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delayed children who later showed normal developmental progress.  Results from the 

ABC study (Slykerman, 2005) found that developmental delay measured by the Denver 

Revised Prescreening Developmental Questionnaire (R-PDQ) was not associated with 

intelligence at 3.5 years in the total sample of children.  However, children born SGA 

who had no developmental delays at 1 year had significantly higher intelligence scores 

(Total IQ) at 3.5 years compared with children identified as having one or more 

developmental delays. 

The predictive validity of standard infant and preschool measures of ability (e.g. The 

Bayley Scales of Infant Development) have been seriously questioned by a number of 

researchers (Anastasi & Urbina, 1997; Bornstein & Sigman, 1986; McCall, 1981).  Poor 

predictive validity may be due to a number of issues.  Firstly, measures of intelligence 

in early childhood focus more on motor and sensory development, whereas measures of 

overall intelligence in older children and adults, such as the WISC-III, focus equally on 

both verbal and non-verbal abilities.  The environment that children grow up in also 

plays an important role in cognitive development.  For example, Bee and colleagues 

(1982) found that child outcome measures prior to 2 years were poor predictors of 4 

year intelligence scores.  Measures of the family environment were, however, strongly 

associated with children’s intelligence and language ability.  Similarly, Largo and 

colleagues (1990) found that infant measures of ability at 2 years were better predictors 

of later intelligence compared with scores taken during the first two years of life.  The 

researchers did find a greater stability of inter-individual differences in intelligence in 

the group of children who were diagnosed with low IQ in infancy.  In addition, other 

studies have also found that infant tests are better at predicting later development in 

“non-normal”, clinical populations (e.g. Ireton, Thwing, & Gravem, 1970; Sonnander, 

1987).      

Some researchers have identified that specific developmental milestones, such as the 

age at which children begin to walk and talk, may be particularly important for 

children’s later development (Silva, 1981; Silva, McGee, & Williams, 1982). In 

particular, a number of reports from the New Zealand longitudinal study of over 1000 

children born in Dunedin between 1972 and 1973 found that early measures of 

development were predictive of later cognitive functioning.  Silva and colleagues (1981; 

, 1980; , 1982) found that being slow to walk or the combination of being slow to walk 
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and talk were significantly associated with low IQ and reading difficulties in school 

aged children.  Furthermore, language delay in preschool children was also significantly 

associated with a number of cognitive measures from 5 to 11 years (Silva, 1980; Silva, 

McGee, & Williams, 1984; Silva, McGee, & Williams, 1983; Silva, Williams, & 

McGee, 1987).  Rescorla and colleagues (1997) reviewed five US studies that had 

examined the association between late-talking in toddlers and language outcomes at 3 to 

4 years of age.  In these short-term follow up studies, late talking toddlers were 

generally found to be at an increased risk of expressive language delay.  However, these 

studies did contain small numbers of children, with sample sizes ranging from four to 

37 toddlers. 

Early developmental delay may also be associated with school achievement problems 

(e.g. school readiness, receiving educational support).  A longitudinal study of 186 

children in Sweden found that developmental delay was significantly associated with 

achievement problems and intellectual disability at both 8 years and 14 years 

(Sonnander & Claesson, 1999).  The investigators used the Parental Assessment 

Screening (PAS) test (Sonnander, 1987) which was derived from questions from the 

Griffiths Mental Developmental Scale (Griffiths, 1954).  Furthermore, developmentally 

delayed children were significantly more likely to have school achievement problems if 

they were from a low SES family.  The study also found that all of the children who 

were not developmentally delayed, but had later school achievement problems, had 

mothers with low maternal education.  Similarly, Willerman and colleagues (1970) 

found that infants with low mental and motor development (IQ scores <80) at 8 months 

were seven times more likely to have a low IQ at four years if they came from a low 

SES family, compared with a higher SES family. 

In summary, tests that measure infant’s development provide important information 

about current developmental status.  However, some studies have found that measures 

of infant development are poor predictors of later intelligence, particularly in non-

clinical populations of children.  In contrast, other studies have found that specific 

measures of developmental delay (e.g. being slow to talk) are associated with later 

intelligence scores and school achievement.  Furthermore, the environment that children 

with developmental delay grow up in may be particularly important for ameliorating or 

accentuating early cognitive problems.  Importantly, developmental delay in infancy has 
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been related to lower preschool intelligence scores in SGA children, however, the 

association between delays and later intelligence is unclear.     

2.4.6 Iron Status 

There has been a large body of work that has examined the association between iron 

status and children’s development.   This section will begin by examining how iron 

status, iron deficiency and iron deficiency anaemia are defined and assessed.  The 

prevalence of iron deficiency and iron deficiency anaemia will also be discussed.  

Studies that have examined the association between iron status and children’s cognitive 

functioning, including treatment trials, will then be described.  This review will focus 

mainly on recent studies undertaken in developed countries, but will begin with a brief 

overview of studies that have been carried out in developing countries. 

2.4.6.1 Definitions and Prevalence  

Iron status is normally assessed by haematological tests.  As described previously, iron 

status is considered to be a continuum with iron overload at one extreme, followed by 

normal iron status, iron deficiency (ID) with no anaemia  and finally iron deficiency 

anaemia (IDA) (World Health Organization, 2001b).  Using a number of indicators of 

iron status (e.g. haemoglobin, serum ferritin) has been recommended to assess iron 

deficiency (Expert Scientific Working Group, 1985).  Cut-off points used for normal 

reference ranges of iron measures also differ for different age groups.  The onset of iron 

deficiency has been described as a gradual process (Expert Scientific Working Group, 

1985).  Firstly, there is a reduction in normal iron stores that occurs when iron intake 

decreases or iron requirements increase, and serum ferritin is used as a measure of 

storage iron at this stage. This is followed by a change in red cell shape that can be 

measured by red cell distribution width (RDW), with elevated RDW indicating iron 

deficiency (C. C. Grant, Wall, Wilson, & Taua, 2003).  Following this there is a 

reduction in the size of red cells (mean cell volume) and the cells’ haemoglobin content 

(Expert Scientific Working Group, 1985).  At this stage there is a fall in serum iron and 

an increase in tranferrin binding protein.  The final stage of iron deficiency is iron 

deficiency anaemia, which is identified by low haemoglobin concentrations. 

It is estimated that 50 percent of children who are less than five years of age in 

developing countries suffer from anaemia and 10 percent in developed countries (World 
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Health Organization, 1992).  Approximately half of those with anaemia suffer from iron 

deficiency anaemia.  Iron deficiency is the most common nutrient deficiency in the 

world.  The World Health Organization (1992) described the most affected groups in 

descending order - pregnant women, preschool children, LBW infants, other women, 

elderly, school-aged children and adult men.  The National Children’s Nutrition Survey 

(CNS) (2003b) of school aged children in New Zealand found that the prevalence of ID 

was low in school-aged children (1.6 percent).   ID was based on the criteria of two out 

of three abnormal values for serum ferritin, serum transferrin saturation or RDW.  Only 

0.3 percent of children had IDA.  Rates were higher, however, in adolescent girls (5.5 

percent).  A recent study of New Zealand infants found that 14 percent of children aged 

between six to 23 months had iron deficiency based on abnormal values of two or more 

iron measures (serum ferritin, iron saturation, mean cell volume) (C. C. Grant, Wall, 

Brunt, Crengle, & Scragg, in press) 

Insufficient dietary iron intake is considered the most common cause of IDA in 

developed countries (Hurtado, Claussen, & Scott, 1999).  Iron found in food is 

classified as haem or non-haem and these types of iron differ in their absorption 

(Monsen, 1988).  Haem iron is found in meat, fish and poultry and is more readily 

bioavailable (15-35% is absorbed) compared with non-haem iron (2-20% absorption 

rate) found in food sources such as cereals, vegetables, fruits and nuts.  In addition, 

certain dietary factors may inhibit the absorption of iron (e.g. tannine found in tea).  

Other dietary factors may enhance the absorption of non-haem iron (e.g. Vitamin C).  A 

study of risk factors for ID in New Zealand found that for hospitalized infants, longer 

durations of breastfeeding, restricted maternal intake of meat during pregnancy and 

consumption of tea during infancy (20% of the IDA group) were associated with an 

increased risk of ID (C. C. Grant, Wall, Wilson, & Taua, 2003).  In this study the 

authors noted that after 4 to 6 months of age, the iron content of breast milk is 

inadequate to sustain iron stores.  Non-dietary risk factors included a diagnosis of 

pneumonia, being of Pacific Island ethnicity, and large family size.  Increased 

consumption of cows milk in infancy (Soh, Ferguson, McKenzie, Homs, & Gibson, 

2004; Virtanen et al., 2001; J. Williams et al., 1999), and the decreased consumption of 

red meat and haem iron intake (Mira et al., 1996) have also been associated with ID in 

developed countries.  A recent review listed low SES, maternal depression, LBW, 

infection, raised blood lead levels, undernutrition, low maternal education, a home 
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environment that was not stimulating and the absence of maternal affection as being risk 

factors associated with both IDA and poorer cognitive development (Grantham-

McGregor & Ani, 2001). 

2.4.6.2 Studies of Iron Status or Supplementation and Intelligence 

There have been many studies that have examined the association between iron status 

and intelligence in children.  ID and IDA are more common in developing countries.  In 

these countries iron deficiency is more likely to be associated with protein energy 

malnutrition and other micronutrient deficiencies than in developed countries.  

Although children who live in poorer families in developed countries are also more 

likely to suffer from iron deficiency than children in more affluent families.  Children in 

developing countries are also more likely to suffer from infectious diseases (e.g. 

malaria), poverty and poor sanitation that also impact on cognitive development.  

Therefore, the relationship between ID or IDA and intelligence in children in 

developing countries is likely to be different from that in developed countries.  Because 

the present study focuses on children born in NZ, this review will concentrate mainly on 

studies undertaken on children in industrialised countries.  This section will, however, 

begin by briefly reviewing studies undertaken in developing countries. 

Studies of children in developing countries have found that IDA in infancy is associated 

with lower scores on measures of infant cognitive ability (Idjradinata & Pollitt, 1993; 

Lozoff et al., 1987; Walter, Kovalskys, & Stekel, 1983).  The long-term effects of ID on 

cognition have also been examined in a number of longitudinal studies.  One good 

example of this comes from a study that has followed nearly 200 Costa Rican children 

from infancy into adolescence (Lozoff et al., 1987; Lozoff, Jimenez, Hagen, Mollen, & 

Wolf, 2000b; Lozoff, Jimenez, & Wolf, 1991).  Lozoff and colleagues (2000b; , 1991) 

found that infants who suffered from ID continued to show lower scores on measures of 

cognitive functioning (non-verbal intelligence at 5 years; arithmetic, reading and motor 

skills at 12 years) compared with children who had good iron status in infancy.  These 

scores were lower even though infants in this study were treated for ID in infancy and 

were not iron deficient in childhood.  Other studies suggest that cognitive development 

in children with IDA may be more at risk compared with ID and non-ID children.  For 

example, a study of 427 Thai school children found that children with IDA scored the 

lowest on measures of non-verbal intelligence and language compared with children 
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with ID without anaemia and children who did not have ID (Sungthong, Mo-suwan, & 

Chongsuvivatwong, 2002). 

There have been a number of treatment trials in developing countries on both infants 

and children older than two years of age.  For example, a study of 141 Indonesian 

infants aged 12 to 18 months examined the impact of  four months of iron treatment on 

IDA infants (Idjradinata & Pollitt, 1993).  Before treatment, IDA children’s scores of 

mental and psychomotor development as measured by the Bayley scales were 

significantly lower then infants without IDA; however, this difference was no longer 

significant after treatment.  In contrast, a review of treatment trials in both developed 

and developing countries (Grantham-McGregor & Ani, 2001) concluded that studies of 

treatment trials in children less than two years of age were inconclusive because most 

studies were not randomized control trials and contained too few subjects.  Treatment 

trials of older children, however, showed that children with IDA performed more poorly 

on cognitive measures and school achievement and generally did not catch up 

cognitively with their non-IDA peers. 

As shown in Table 8, a number of studies in developed countries have also examined 

the impact of iron treatment on intelligence scores (Aukett, Parks, Scott, & Wharton, 

1986; Bruner, Joffe, Duggan, Casella, & Brandt, 1996; Deinard, List, Lindgren, Hunt, & 

Chang, 1986; Friel et al., 2001; Friel et al., 2003; Halterman, Kaczorowski, Aligne, 

Auinger, & Szilagyi, 2001; Lynn & Harland, 1998; Moffatt, Longstaffe, Besant, & 

Dureski, 1994; Morley et al., 1999; Oski & Honig, 1978; Oski, Honig, Helu, & 

Howanitz, 1983; Sherriff, Emond, Bell, Golding, & Team, 2001; J. Williams et al., 

1999).  Most of these studies have focused on children less than two years of age, using 

infant cognitive measures such as the Bayley infant scales to assess cognitive ability 

(Aukett, Parks, Scott, & Wharton, 1986; Deinard, List, Lindgren, Hunt, & Chang, 1986; 

J. Duncan et al., 2000; Friel et al., 2001; Friel et al., 2003; Moffatt, Longstaffe, Besant, 

& Dureski, 1994; Morley et al., 1999; Oski & Honig, 1978; Oski, Honig, Helu, & 

Howanitz, 1983).  Some of the studies controlled for covariates and, where applicable, 

these have been stated in Table 8.  Of these infant studies, five found significant 

increases in cognitive scores from pre-treatment to post-treatment (Friel et al., 2003; 

Moffatt, Longstaffe, Besant, & Dureski, 1994; Oski & Honig, 1978; Oski, Honig, Helu, 

& Howanitz, 1983; J. Williams et al., 1999).  Other studies, however, have found no 
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impact of iron treatment or supplementation on infant cognitive scores (Aukett, Parks, 

Scott, & Wharton, 1986; Deinard, List, Lindgren, Hunt, & Chang, 1986; Friel et al., 

2001; Morley et al., 1999).  One of these studies was a randomized trial on LBW infants 

examining the difference between those infants receiving a formula with normal iron 

levels (13.4 mg iron/L) and those receiving high-iron formula (20.7 mg iron/L) (Friel et 

al., 2001).  However, this study was small in size (n=58) and did not examine the 

impact of formula low in iron content.  Types of iron treatments differed between infant 

studies reviewed as did the types of infants (e.g. IDA versus ID) that were studied.  

Therefore, comparing findings between these studies is difficult.  Infant studies that did 

find differences were often undertaken on children from low SES families (e.g. Moffatt, 

Longstaffe, Besant, & Dureski, 1994; J. Williams et al., 1999).  Most studies in this 

area, however, suffered from small sample sizes.  The problem of the reliability and 

predictive validity of infant measures of intelligence has also been argued as being a 

problem with studies of iron deficiency in infancy (Pollitt, 2001). 

There have been fewer iron supplementation trials undertaken in developed countries on 

children older than two years of age (Bruner, Joffe, Duggan, Casella, & Brandt, 1996; 

Lynn & Harland, 1998).  One randomized control trial of 73 ID adolescent girls in the 

United States, found that girls who received iron supplements performed significantly 

better on a verbal learning and memory task compared with control subjects (Bruner, 

Joffe, Duggan, Casella, & Brandt, 1996).  A second study on a sample of adolescent 

boys and girls in the United Kingdom (UK) found no effect of iron supplementation on 

measures of non-verbal intelligence (Lynn & Harland, 1998).  However, those 

adolescents in this study who had ID showed a significant IQ gain (5.8 IQ points) after 

supplementation compared with a matched control group. 

Studies in developed countries have also examined the association between iron status 

and intelligence (Table 8).  One early study found no association between measures of 

iron status and intelligence (Sandstead et al., 1971), and a second study did not report 

statistical associations between iron status groups and IQ (Cantwell, 1974).  In contrast, 

later studies have reported a significant association between both ID and IDA in 

childhood and intelligence measures (Halterman, Kaczorowski, Aligne, Auinger, & 

Szilagyi, 2001; Palti, Pevsner, & Adler, 1983; Sherriff, Emond, Bell, Golding, & Team, 

2001).   In a study of UK infants, low haemoglobin concentrations at 8 months of age 
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were significantly associated with lower motor performance at 18 months of age 

compared with non-ID infants (Sherriff, Emond, Bell, Golding, & Team, 2001).  A 

study in Israel also found that low Hb levels were associated with lower IQ scores at 5 

years (with borderline significance at 3 years) after controlling for maternal education, 

social class, birthweight and gender) (Palti, Pevsner, & Adler, 1983).  Research from 

the National Health and Nutrition Examination Survey (NHANES) III in the United 

States found that ID was significantly associated with lower maths scores in children 

aged 6 to 16 years compared with non-ID children (Halterman, Kaczorowski, Aligne, 

Auinger, & Szilagyi, 2001).  In this study ID was not, however, significantly associated 

with lower reading scores, lower scores on a memory test (digit span) or a non-verbal 

intelligence subtest (block design).  Hurtado and colleagues (1999) also found that IDA 

was associated with an increased risk of being placed in special education programmes. 

In summary, results from treatment trials suggest that iron supplementation is 

beneficial, particularly for those children with ID or IDA.  Few studies have examined 

the association between iron status and cognition in older children (Halterman, 

Kaczorowski, Aligne, Auinger, & Szilagyi, 2001).  Although school-aged children are 

less likely to suffer from ID or IDA compared with infants.  Adolescent girls, however, 

are at an increased risk of being iron deficient due to rapid growth, poor dietary intake 

and menstrual blood loss (Gordon, 2003).  Studies in developing countries suggest that 

iron deficient infants continue to score lower on tests of intelligence in later childhood.  

Most studies examining the association between iron status and intelligence have been 

conducted on NBW children and more studies are needed to examine this association in 

children born small. 

2.4.6.3 Mechanisms 

There have been a number of proposed mechanisms linking iron deficiency with poor 

cognitive outcome.  Firstly, a number of animal studies have found that iron deficiency 

affects both the structure and the function of the brain (Grantham-McGregor & Ani, 

2001).  ID affects the process of myelination (Yu, Steinkirchner, Rao, & Larkin, 1986).  

Myelin is the fatty insulation that surrounds nerve fibers that speeds the flow of 

electrical impulses (Pinel, 1993).  Iron also plays a more general role in cellular growth 

and oxygen transport in the blood (Beard, Connor, & Jones, 1993). 
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As noted previously, iron status has been associated with SES, dietary factors and health 

outcomes (e.g. infectious diseases), which are factors that may also be directly related to 

children’s cognitive functioning.  Iron deficiency may also indirectly impact on 

cognitive development through children’s behaviour (e.g. teachers behaviour ratings) 

(Konofal, Lecendreux, Arnulf, & Mouren, 2004; Lozoff, Jimenez, Hagen, Mollen, & 

Wolf, 2000a; Sever, Ashkenazi, Tyano, & Weizman, 1997).  ID may also impact on 

children’s emotional development (Grantham-McGregor & Ani, 2001) as iron deficient 

children have been found to be more fearful, withdrawn and tense (Lozoff, Jimenez, 

Hagen, Mollen, & Wolf, 2000b; Walter, Kovalskys, & Stekel, 1983). 

2.5  Dietary Factors 

In the following section, the literature on the association between diet and children’s 

cognitive development will be reviewed.  Until recently, very little research had been 

undertaken examining this association, impeded in part by a lack of suitable dietary 

measures.  This review will begin by describing commonly used dietary measures.  

Studies that have examined the influence of diet on cognitive functioning will then be 

discussed. 

2.5.1 Dietary Measures 

2.5.1.1 Physical measurements of nutritional status 

Studies have used weight (including birth weight), height and body length and other 

anthropometric indicators as measures of nutritional status (Pollitt, 1988).  In 

developing countries, wasting (expected weight as a percentage of calculated weight-

for-height) and stunting (height for age) have been used to measure protein-energy 

malnutrition (PEM), as these measures indicate the long-term effect of malnutrition 

(Grantham-McGregor, Fernald, & Sethuraman, 1999).  Head circumference has also 

been used as a measure of nutritional status.  Anthropometric measures are commonly 

used in developing countries.  In developed countries overall nutrition, in particular 

energy and protein intake, is usually adequate for growth particularly in children who 

do not live in poverty. 
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2.5.1.2 Measures of diet 

Diet is usually described either in terms of nutrient content or in terms of foods or food 

groups (Willett, 1990).  In this thesis, dietary patterns are used to describe the intake of 

specific foods or food groups. The term nutrients refers to substances found in foods 

that provide nourishment and promote growth and maintenance in the body (Food and 

Environmental Hygiene Department, 2006).  This thesis focuses on children’s dietary 

patterns.   

There are a number of problematic issues related to assessing children’s diet.  For 

example, the dietary intake of children, particularly young children, is usually measured 

by proxy through parental report.  Parental report, however, may not always take into 

account foods eaten away from home or at times when the parent is not present.  

Moreover, retrospective dietary questionnaires rely on the participant’s memory, which 

is often inaccurate.  The strengths and limitations of the following different dietary 

measures typically used in epidemiological research will be discussed presently: food 

frequency questionnaires (FFQs); 24-hour food diaries; and dietary records.   

FFQs are comprised of two sections, a list of foods and a frequency response section 

that records how often these foods are eaten (e.g. once a month, daily).  Questions about 

quantities of foods consumed (e.g. number of serving eaten daily) may also be asked.  

The advantages of FFQs are that they are easy to administer, inexpensive, easy for 

participants to complete, and that they measure long-term dietary intake and dietary 

patterns (Willett, 1990).  As a result of these factors, FFQs are considered the most 

suitable dietary measure for large epidemiological studies (Willett, 1990).  There are a 

number of limitations, however, including less precise measurement of dietary intake 

compared with other techniques and restrictions imposed on participants responses 

because dietary questions focus on a fixed list of foods.  Therefore FFQs are created for, 

and are specific to, certain populations. 

24-hour diaries are the most commonly used dietary assessment method (Willett, 1990).  

24-hour diaries record what a person eats during one day.  Dietary information is then 

analysed using nutrient analysis programmes to provide information on specific nutrient 

intakes as well as the number of calories consumed.  24-hour diaries allow a higher 

degree of specificity regarding dietary intake compared with FFQs.  Another advantage 

of examining nutrients by using techniques such as 24-hour diaries is that it may 
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enables researchers to identify specific nutrients that can be examined in relation to 

health and development.  Mechanisms that underlie the associations between nutrients 

and development can then be elucidated from biological knowledge about these 

nutrients.  This information can also help with the creation of specific supplements to 

treat illness or improve developmental outcomes.  There are a number of disadvantages 

with using 24-hour food diaries, however, including day-to-day fluctuations in eating 

habits, problems with recall, differences between nutrition analysis programmes and 

social desirability biases  For example, under-reporting of dietary intake is a common 

problem with 24-hour diaries particularly for women, older people and obese people 

(Pikholz, Swinburn, & Metcalf, 2004).  All of these factors create measurement error of 

nutrient intakes. 

Dietary records are used to collect detailed information about the type and amount of 

food and drink consumed over a specific period of time, usually between three to seven 

days (Willett, 1990).  In some cases, foods to be consumed are weighed and information 

is collected about how the meal was prepared and then how much food was wasted or 

not eaten.  Dietary records are considered the gold standard of dietary measures used for 

assessing quantitative accounts of dietary intake (Rockett, Berkey, & Colditz, 2003).  

However, dietary records are expensive and require a considerable amount of time to 

complete.  Therefore research participants need to be motivated as well as literate.  

Similar to 24-hour diaries, dietary records may also be unrepresentative of usual dietary 

intake, and respondents may under-report food consumption.  Another issue related to 

the examination of specific nutrients is that intakes of individual nutrients may affect 

the absorption of other nutrients (e.g. Vitamin C and iron) and intakes of one nutrient 

are often correlated with others (e.g. zinc and iron)  

Biochemical indicators, such as blood samples, are also used to assess nutritional status.  

Biochemical measures do not suffer from the measurement errors previously discussed 

that affect other dietary measures.  However, one problem with biochemical indicators 

is that they are also influenced by factors other than dietary intake and individual people 

differ in their absorption and metabolism of nutrients.  Good biochemical indicators also 

do not exist for all nutrients (e.g. zinc). 

In summary, measuring nutrition is challenging due to the numerous difficulties in 

assessing diet (Willett, 1990).  However, this type of research is important as diet is a 
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potentially modifiable factor and nutritional interventions may help improve children’s 

cognitive development.     

2.5.2  Diet and Cognitive Ability 

Research examining the association between children’s diet and cognitive functioning 

will be reviewed in the following sections.  Due to the dearth of research on children’s 

dietary patterns and intelligence, studies on adult samples and research using cognitive 

measures (e.g. attention tasks, behaviour) other than overall intelligence measures are 

also discussed where appropriate.  The focus of this review will be on dietary patterns in 

relation to the consumption of certain foods.  Research on malnutrition, food insecurity 

and nutrients will also be briefly discussed. 

2.5.2.1 Malnutrition, Undernutrition and Food Insecurity 

In developing countries, wasting and stunting are used to measure the long-term effect 

of protein energy malnutrition (PEM) (Grantham-McGregor, Fernald, & Sethuraman, 

1999).  Waterlow (1978) defined chronic undernutrition as a combination of wasting 

and stunting.  Other researchers have defined malnutrition and undernutrition 

differently.  For example, malnutrition has been defined as the severe forms of 

nutritional deficiency found in developing countries, while undernutrition refers to 

hunger, poor nutritional status and food insecurity in developed countries (Tanner & 

Finn-Stevenson, 2002).  In developing countries, up to 40% of children aged less than 5 

years suffer from PEM (World Bank, 1993).    

Early nutrition studies found that malnutrition was associated with poorer cognitive 

development (Hoorweg & Stanfield, 1976; S. A. Richardson, 1976; S. A. Richardson, 

Koller, Katz, & Albert, 1978).  In addition, studies have found a positive association 

between energy and micronutrient supplementation and intelligence measures in infants 

and children in developing countries (Pollitt, Saco-Pollitt, Jahari, Husaini, & Huang, 

2000; Whaley et al., 2003).  It is difficult, however, to separate the impact of 

malnutrition on children’s development from other environmental risk factors, such as 

poverty and infection (Meyers & Chawla, 2000).  Malnutrition is also associated with 

micronutrient deficiencies (e.g. iron deficiency).  A recent review on PEM and 

cognitive development concluded that there was strong evidence that severe 

malnutrition in early childhood impacted on cognitive development, in spite of 
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problems with individual study’s designs (Grantham-McGregor, Fernald, & 

Sethuraman, 1999).  In addition, the reviewers concluded that poor nutrition was likely 

to impact on children’s cognitive development in cases of prolonged mild to moderate 

malnutrition. 

Most children in developed countries do not suffer from PEM.  In fact, the prevalence 

of overweight and obesity has increased in children and adolescents in developed 

countries over the last 30 years (Ebbeling, Pawlak, & Ludwig, 2002; Ogden et al., 1997; 

Turnbull, Barry, Wickens, & Crane, 2004).  Furthermore, studies have found that diets 

high in fat and sugar are related to these increasing rates of obesity and obesity-related 

diseases in children and adolescents (Bray & Popkin, 1998; Ludwig, Peterson, & 

Gortmaker, 2001).  Children in developed countries, however, do suffer from 

micronutrient deficiencies, and this research will be discussed later in this section. 

Another nutritional problem in developed countries that has received attention recently 

is food insecurity.  Food insecurity has been defined as one or more members of the 

household who are hungry due to inadequate resources at some time during a year 

(Andrews, Nord, Bickel, & Carlson, 2000).  Approximately 10 percent of households in 

America suffer from food insecurity, affecting approximately 12 million children 

(Andrews, Nord, Bickel, & Carlson, 2000).  A 2003 NZ study found that approximately 

20 percent of households reported that they could not always afford to eat properly 

(Ministry of Health, 2003b). 

A recent study found that school-aged children who suffered from food insufficiency 

had significantly lower math scores and were more likely to repeat a grade, after 

controlling for poverty and other confounding variables (Alaimo, Olson, & Frongillo, 

2001).  Another study also found that children who self-reported, or were reported by 

their parents, as being hungry due to food insecurity were at increased risk of repeating 

a grade or being in placed in special education (Murphy et al., 1998). 

2.5.2.2 Dietary Patterns and Food Groups 

Since the 1980s there have been a number of studies that have described the dietary 

intakes (both food and nutrients) of children in developed countries (Hoffmans, 

Obermann-de Boer, Florack, van Kampen-Donker, & Kromhout, 1986; Noble, Emmett, 

Pregnancy, & Childhood, 2001; North-Stone & Emmett, 2000; Rodriguez & Moreno, 
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2006; Veugelers, Fitzgerald, & Johnston, 2005).  In 2003, the first comprehensive study 

of dietary patterns in New Zealand school-aged children was published (Ministry of 

Health, 2003b).  New Zealand studies have also recently examined dietary factors in 

children under the age of two years (C. C. Grant, Wall, Wilson, & Taua, 2003; Soh, 

Ferguson, McKenzie, Homs, & Gibson, 2004).  However, until this present study, there 

had been no published study that had described the types of food eaten by NZ preschool 

children older than two years of age. 

There is also a paucity of data examining the impact of specific foods on children’s 

cognitive functioning.  This is despite recommendations that researchers should 

examine the impact of specific foods or food groups on health and development 

(Willett, 1990).  A recent UK study examined the association between meat 

consumption from 4 to 24 months of age (using 7-day weighed food records) and 

cognitive functioning at 22 months of age (Morgan, Taylor, & Fewtrell, 2004).  The 

researchers found that meat intake from 4 to 16 months of age was positively associated 

with psychomotor development, after controlling for social class and other confounding 

variables. 

Other studies have focused on the association between cognitive functioning and 

macronutrients such as protein, fats and carbohydrates.  A longitudinal study of 500 

Finnish children found that higher intakes of cholesterol at 2 years of age and higher 

intakes of protein at 4 years of age were associated with higher scores of gross motor 

function at five years of age (Rask-Nissila et al., 2002).  Higher intakes of 

polyunsaturated fatty acids (PUFAs) at 3 years were associated with visual motor skills 

at 5 years and higher intakes of protein were associated with speech and language skills 

at 5 years. This study did not, however, control for potential confounders such as 

parental SES and parental education.  A study of nearly 4000 US children aged between 

6 to 16 years of age (NHANES III) also examined the association between dietary fat 

intake, as measured by 24-hour food diaries, and intelligence (Zhang, Hebert, & 

Muldoon, 2005).  The US study found that higher intakes of PUFAs were associated 

with better performance on a short-term memory task (digit span), while higher intakes 

of cholesterol were associated with lower scores on the same task.  A number of 

potential confounders including socio-demographic factors were controlled for in the 

study.  However, only two subtests from the Wechsler Intelligence Scale for Children - 
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Revised (WISC-R) were used (Block Design and Digit Span) and the investigators did 

not assess general, verbal or non-verbal intelligence scores. 

As previously described, long-chain polyunsaturated fatty acids (LCPUFAs) have been 

proposed as the mechanism that underlies the association between breastfeeding and 

higher intelligence scores.  In addition, some studies have found that infants 

(particularly pre-term infants) fed formula containing LCPUFAs have improved 

cognitive development compared with infants fed formula that does not contain 

LCPUFAs (E. E. Birch, Garfield, Hoffman, Uauy, & Birch, 2000; Fleith & Clandinin, 

2005; Lucas, Morley, & Cole, 1998; Lucas et al., 1990; Willatts, Forsyth, DiModugno, 

Varma, & Colvin, 1998).  Although not all studies have found an effect of LCPUFA 

supplementation (Auestad et al., 2003; Fewtrell et al., 2004).   

In adult studies, higher intakes of dietary cholesterol and saturated fats have been 

associated with lower scores on memory tasks and cognitive flexibility (higher order 

information processing) (Kalmijn et al., 2004; M. C. Morris, Evans, Bienias, Tangney, 

& Wilson, 2004).  The consumption of fish and marine omega-3 (n-3) PUFAs have 

been associated with better scores on measures of cognitive functioning including speed 

of processing (Kalmijn et al., 2004) and lower risk of dementia, Alzheimer’s disease 

and cognitive decline (Kalmijn et al., 1997; M. C. Morris et al., 2003; M. C. Morris, 

Evans, Bienias, Tangney, & Wilson, 2004).  One study also found that high vegetable 

intake was associated with slower cognitive decline in aging women (Kang, Ascherio, 

& Grodstein, 2005). 

There have been a number of studies examining the association between breakfast 

consumption and cognitive functioning in children.  Experimental studies have found 

that children who are given breakfast perform better than children who have no 

breakfast on cognitive tests, in particular memory tasks (Pollitt, Leibel, & Greenfield, 

1981; Pollitt, Lewis, Garza, & Shulman, 1982; Rampersaud, Pereira, Girard, Adams, & 

Metzl, 2005).  However, not all studies have found this association (Dickie & Bender, 

1982).  Breakfast may be particularly important for children who are undernourished 

(Pollitt, Cueto, & Jacoby, 1998).  Studies of undernourished children have found that 

participation in school breakfast programmes was associated with improvements in test 

grades and school attendance (Rampersaud, Pereira, Girard, Adams, & Metzl, 2005; 

Taras, 2005).  What is eaten for breakfast may also be important.  Foods that provide a 
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slower more sustained energy source and also provide sustained blood glucose levels 

(e.g. oatmeal) have been associated with better performance on memory tasks 

(Mahoney, Taylor, Kanarek, & Samuel, 2005; Nabb & Benton, 2006).       

In summary, dietary research has found that malnutrition in developing countries and 

food insufficiency in developed countries is associated with poorer cognitive 

functioning and lower school achievement in children.  Studies of food groups have 

found that higher intakes of fish, meat and protein have been associated with higher 

scores on cognitive measures.  Studies of children and adults have found that different 

types of fats are associated with cognitive ability.  PUFAs, in particular omega-3 

PUFAs, have been associated with better cognitive functioning.  Higher intakes of 

cholesterol and saturated fats have been associated with lower scores on cognitive 

measures.  Finally, breakfast consumption has been found to be related to better 

performance on cognitive tasks, in particular memory tests. 

2.5.3 Micronutrients and Cognitive Ability 

Micronutrients refer to both vitamins and minerals.  Studies examining the impact of 

micronutrient deficiencies on children’s cognition suffer from the same problems that 

affect research on malnutrition and dietary patterns (Black, 2003b).  In particular, 

micronutrient intake is associated with socio-demographic factors, such as SES and 

parental education (Benton, 2001).  Also, micronutrient deficiencies often co-exist and 

may be associated with inadequate intake of macronutrients (e.g. protein), particularly 

in developing countries.  Despite these issues, nutrition research on micronutrients and 

micronutrient deficiencies is important.  Micronutrient deficiencies are a worldwide 

problem affecting children in both developed and developing countries and treatment 

including supplementation may help improve cognition.   

As described previously, a number of studies have highlighted the potential importance 

of iron in association with children’s cognitive functioning.  However, other 

micronutrients have received little research attention.  Iodine, zinc and B-vitamins 

(folate and Vitamin B-12) have also been associated with cognitive processes in 

children.  In the following sections studies examining the association between these 

micronutrients and cognitive functioning will be briefly discussed.   
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2.5.3.1 Zinc 

Dietary zinc is found in red meat, milk and whole grains (Meyers & Chawla, 2000).  

Zinc deficiency is associated with iron deficiency and vitamin B-12 deficiency, as these 

micronutrients are commonly derived from the same food sources (Black, 2003a; 

Sandstead, 2000).  Zinc deficiency is also associated with PEM in developing countries 

(Meyers & Chawla, 2000).  The study of zinc deficiency has been hindered by a lack of 

adequate laboratory biomarkers (Hambidge, 2000).  Measures such as plasma and hair 

zinc lack the sensitivity required to provide a direct measurement of zinc deficiency.  

Therefore research on zinc deficiency has come from randomized control trials of 

dietary zinc supplementation. 

Randomized control trials of zinc supplementation have predominantly focused on 

infants.  Findings from these studies on the effect that zinc supplementation has on 

cognitive functioning have been unconvincing.  Some studies have found a positive 

effect of zinc supplementation (Castillo-Duran et al., 2001; Friel et al., 1993), while 

others have found no effect (Ashworth, Morris, Lira, & Grantham-McGregor, 1998).  

Furthermore, one study found zinc-supplemented infants had lower mental development 

scores compared with controls (Hamadani et al., 2001).  A recent review in this area 

concluded that zinc deficiency among the most vulnerable children (e.g. children living 

in poverty with other nutritional deficiencies) was associated with cognitive and motor 

performance, however, research in this area lacked a clear consensus (Black, 2003a). 

2.5.3.2 Iodine 

Dietary sources of iodine include seafood and table salt (which in some developed 

countries is fortified with iodine) (Hetzel, 2000).  Iodine deficiency is a problem in a  

number of developing countries (Pollitt, 1988).  Iodine deficiency in pregnancy can 

cause hypothyroidism which results in foetal brain damage and endemic cretinism 

(severe impairment of the central nervous system) (Hetzel, 2000).  In 1993 the WHO 

described iodine deficiency as the principle cause of preventable brain damage in 

children (World Health Organization, 1993).  Iodine deficiency in children may also 

result in poorer cognition as found in studies examining urinary iodine status, iodine 

supplementation or comparing children who live in iodine deficient geographic areas 

with children who do not (Bryan et al., 2004; Huda, Grantham-McGregor, Rahman, & 

Tomkins, 1999; Pardede et al., 1998; van den Briel et al., 2000).  However, iodine 
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supplementation may only help children who show a concurrent improvement in iodine 

status (van den Briel et al., 2000). 

2.5.3.3 B-Vitamins 

The B-Vitamins, folate and Vitamin B-12 (cobalamin), have been investigated in 

relation to cognitive performance.  Most research on folate has focused on its role in 

foetal neural tube development (Massaro & Rogers, 2002).  Folate supplementation 

during pregnancy reduces the risk of neural tube defects, such as spina bifida (Massaro 

& Rogers, 2002).  As a result, women in New Zealand who are planning pregnancy are 

recommended to take folic acid supplementation for four weeks prior to conception up 

until the 12th week of pregnancy (Ministry of Health, 2003a).  Folate and Vitamin B-12 

deficiencies are also a particular problem for elderly people, who are less able to absorb 

these vitamins (Black, 2003b).  Therefore most of the studies that have examined the 

association between these vitamins and cognitive performance have been conducted in 

adult samples.  Folate levels have been associated with poorer memory functioning in 

very old adults (Bryan et al., 2004; Hassing, Wahlin, Winblad, & Backman, 1999).  

Vitamin B-12 has also been associated with cognitive problems, such as dementia, in 

elderly people (Black, 2003b; Rosenberg & Miller, 1992). 

Vitamin B-12 is found in animal products therefore children on strict vegetarian diets 

are at increased risk of a Vitamin B-12 deficiency (Schneede et al., 1994).  A recent 

study found that adolescents who had consumed a macrobiotic diet during the first 6 

years of life had significantly lower scores of non-verbal intelligence than controls 

(Louwman et al., 2000).  This effect was pronounced in adolescents who at the time of 

the study had low Vitamin B-12 status and had previously consumed a macrobiotic diet.   

There have been no randomized control studies of B-Vitamin supplementation on 

cognitive performance in school-aged children and the role of B-Vitamins in cognitive 

development is largely undetermined (Bryan et al., 2004). 

2.5.3.4 Multivitamin and Mineral Supplementation 

A number of studies have investigated whether multivitamin supplementation is related 

to measures of intelligence.  Some of these studies have found that supplementation 

resulted in significantly higher intelligence scores for supplemented groups versus 

controls (Benton & Roberts, 1988; Schoenthaler, Amos, Doraz, & Kelly, 1991).  Others 
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have found no association between vitamin and mineral supplementation in children 

(Crombie et al., 1990; M. Nelson, Naismith, Burley, Gatenby, & Geddes, 1990).  One 

issue that has affected studies in this area, however, has been small sample sizes.  In a 

recent review of multivitamin and mineral supplementation and intelligence in children, 

Benton (2001) found 13 studies that had examined the influence of supplementation on 

intelligence.  Of these, 12 were random, double blind, and placebo-controlled.  A 

positive effect of supplementation was found in 10 of these studies for non-verbal 

intelligence in children who had diets poor in nutrients.  Benton (2001) noted that little 

is known about optimal levels of nutrients in children’s diets, but cautioned that 

supplementing children with normal levels of micronutrients may also be dangerous.  

In summary, zinc, iodine, folate and Vitamin B-12 have all been associated with 

cognitive functioning either in children or in adults.  Research suggests that 

multivitamin and mineral supplementation may improve cognitive functioning in 

nutrient-deficient children.  However, research has been inconclusive regarding whether 

vitamin and/or mineral supplementation can improve cognitive functioning in children 

or adolescents who are not nutrient deficient. 

2.5.3.5 Mechanisms  

The mechanisms that underlie the association between cognitive functioning and diet 

are likely to be different for different foods and micronutrients.  Animal studies have 

found that undernutrition can affect the development of areas in the brain such as the 

hippocampus and cerebellum and well as the brain’s microstructure (e.g. myelination) 

(Wachs, 2000).  Undernutrition also affects neurotransmitter function, as found in 

animal models (Pollitt, 1988). Furthermore, specific micronutrients (e.g. zinc) have also 

been found to influence neurotransmitter function (Wachs, 2000).  The timing and 

severity of suboptimal nutrition may be important in influencing brain structure and 

function, especially during critical periods of development when rapid brain growth 

occurs (Lucas, Morley, & Isaacs, 2001). 

In addition to the long-term effects that nutrition may have on the brain, the 

consumption of certain types of food may also have short-term, more immediate effects 

on cognition.  For example, the brain may be susceptible to short-term fluctuations in 

glucose supply (Bellisle, 2004) and tasks that are cognitively demanding have been 
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associated with greater glucose metabolism in the brain (Benton, Parker, & Donohoe, 

1996). 

Nutrition may also affect cognitive development through behaviour.  For example, zinc 

deficiency has been associated with decreased activity levels in children (Ashworth, 

Morris, Lira, & Grantham-McGregor, 1998).  Malnutrition has also been associated less 

exploration of physical environments, playing less with toys and less imaginative play, 

compared with children who are not malnourished (Walka, Triana, Jahari, Husaini, & 

Pollitt, 2000). 

2.5.3.6 Summary of Diet Literature 

In summary, most studies in this area have until recently focused on malnutrition in 

developing countries and specific micronutrient deficiencies, such as iron.  In the last 

five years there have been a number of studies on dietary patterns.  These studies found 

that dietary fats, protein and meat intake were associated with cognitive development.  

In particular, fatty acids have been found to be associated with cognitive measures from 

infancy through to old age.  The role of specific micronutrients in cognitive 

development still needs further investigation.  However, studies suggest that vitamin 

and mineral supplementation may be beneficial for children who are deficient in 

nutrients. 

2.6 Summary of factors 

This review chapter has focused on a number of factors associated with children’s 

cognitive development, including; pregnancy and obstetric factors, sociodemographic 

factors, family factors and dietary factors.  The following is a summary of these factors 

based on research evidence showing an association with children’s cognitive ability.  

Based on this summary, specific study hypotheses are derived.   

2.6.1 Factors that are well established  

There is good evidence that a number of factors reviewed are associated with children’s 

intelligence.   
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• In a number of studies, parental occupation, income and education have all been 

significantly associated with children’s measures of cognitive ability, 

particularly verbal ability.  Most studies, however, have not examined a range of 

SES factors and have focused solely on individual factors, such as maternal 

education.   

• Numerous studies have found an association between children’s cognitive ability 

and birth order.  In particular, earlier born children tend to have higher scores on 

cognitive measures compared to later born children.   

• There is good evidence to suggest that breastfeeding is significantly associated 

with children’s cognitive ability, particularly in children born small.  Some 

studies have also found a dose-response relationship, with increasing duration of 

breastfeeding being associated with higher intelligence scores.   

• Studies in developed countries suggest that iron status is significantly associated 

with children’s intelligence.  Iron treatment trials have also found that iron 

supplementation has been associated with improvements in cognitive function 

for children with iron deficiency or iron deficiency anaemia.   

2.6.2 Factors that are equivocal 

• There is still debate regarding whether being born SGA is significantly 

associated with poorer cognitive ability, particularly in later childhood, 

adolescence and adulthood.  This is due, in part, to studies in this area suffering 

from a number of methodological problems, such as small sample sizes and 

failure to control for potentially confounding factors.  Some studies have found 

significant differences in intelligence between SGA and AGA children, 

however, these differences have generally been small (e.g. three-four IQ points).   

• Studies on alcohol use have found that heavy drinking during pregnancy is 

associated with mild to moderate mental retardation in children.  However, the 

effects of light to moderate alcohol consumption are less clear.  Similarly, the 

evidence for the effect of maternal smoking during pregnancy on children’s 

cognition has been inconclusive.  Maternal marijuana use in pregnancy has 
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mainly been associated with certain measures of cognitive functioning in 

offspring (e.g. sustained attention) and not general intelligence measures.   

• There have been few studies that have examined the impact of maternal 

pregnancy hypertension or low maternal pregnancy iron status on children’s 

later cognitive development.  Furthermore, the research evidence of an 

association between cognition and maternal pregnancy hypertension, or maternal 

pregnancy iron status, has been inconclusive. 

• Gender has been found to be significantly associated to certain cognitive 

abilities (e.g. spatial visualization), but not measures of general intelligence.   

• Gestational age at term is unlikely to be significantly associated with children’s 

intelligence. Studies of children born close to full-term also suggest that 

gestational age is not associated with overall cognitive ability.   

• Few studies have examined the impact of delivery method on later cognitive 

outcomes.  A small number of recent studies, however, have found little effect 

of delivery method on cognition.   

• Maternal age and maternal marital status are often found to be significantly 

associated with children’s intelligence.  However, studies suggest that when 

socio-demographic and family factors are controlled for, these associations are 

no longer significant.    

• In relation to postnatal factors, there is little evidence to suggest that pacifier use 

in infancy is associated with children’s cognitive ability.   

• There have been a number of studies that have examined the association 

between developmental delay in infancy and later cognitive outcomes.  Some 

studies have found that certain measures of developmental delay (e.g. being 

slow to talk) have been associated with later intelligence scores.  However, a 

number of researchers have argued that measures of infant development have 

limited predictive validity in relation to measures of children’s intelligence.   
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2.6.3 Factors to be explored in depth in this thesis 

Maternal stress, maternal social support and children’s diet are factors that are explored 

in depth within this thesis and these factors have previously received limited research 

attention.   

• Maternal stress in pregnancy may affect children’s cognitive ability, however, 

studies in this area have focused on preschool children.  For example, stress in 

pregnancy was significantly associated with children’s intelligence at 3.5 years 

at the ABC study.  Similarly, studies of maternal postnatal stress have focused 

on infants and young children.  In general, however, research in this area has 

been inconclusive regarding the effects of maternal stress on children’s 

cognition.   

• Some studies have found significant associations between measures of maternal 

social support and children’s cognitive ability, however, other studies have not 

been able to detect associations.  As with studies on maternal stress, most studies 

on social support have focused on preschool children.   

• Until recently very few studies had examined the effect of diet on children’s 

cognitive functioning.  Studies in the last five years have found significant 

associations between measures of children’s cognitive ability and dietary 

factors, such as different types of dietary fats, protein, fish and meat intake.   

2.7 Study hypotheses 

Based on the literature reviewed in this section, a number of study hypotheses have 

been derived.  

1. Parental education, parental income, parental occupation, birth order and 

children’s iron status will be significantly associated with children’s intelligence 

at 7 years. 

2. SGA children’s intelligence scores at 7 years will not be significantly lower than 

AGA children’s scores. 
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3. Low maternal stress, high maternal social support, no developmental delays in 

infancy and higher rates of breastfeeding will all be significantly associated with 

higher intelligence scores. 

4. Pregnancy factors including moderate alcohol consumption, maternal smoking, 

maternal marijuana use, maternal pregnancy iron status and maternal pregnancy 

hypertension will not be associated with measures of children’s intelligence. 

5.  Gender, gestational age, delivery method, pacifier use, maternal age and 

maternal marital status will not be associated with children’s intelligence. 

6. A number of foods will be significantly associated with children’s intelligence, 

particularly those foods rich in certain types of fat. 
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3 Theories of Intelligence  

This chapter is intended to provide a brief overview of the different theories of 

intelligence.  This review begins with a short history of intelligence testing.  Intelligence 

and IQ are then defined.  The limitations of IQ testing are then discussed. 

3.1 History of Intelligence Testing 

The study of intelligence cannot be examined independent of the development, and then 

widespread use, of intelligence tests in the last century.  Theories of intelligence have 

arisen in part through the field of psychometrics.  Psychometrists measure performance 

(e.g. IQ, personality) within the psychological domain (Flanagan, McGrew, & Ortiz, 

2000).  The modern science of individual differences is thought to have been founded 

by the work of Francis Galton (Jenkins & Paterson, 1961).  In 1869, Galton wrote about 

the variation and hereditability of mental ability and the need to quantify this ability 

through theoretical laws and statistical methods such as examining deviations from an 

average mental capacity (Galton, 1869).  In 1904, Charles Spearman published his 

theory on general intelligence, in which he identified a general ability factor, or g 

(Spearman, 1904).  The Theorem of Intellective Unity arose from Spearman’s research 

using correlation coefficients between areas of school study (e.g. English).  Spearman 

concluded that all types of intelligence were related by some common fundamental 

function (or group of functions).  Spearman (1927) went on to advocate a two-factor 

theory of intelligence, with a common factor, g, underlying performance on all tests of 

intelligence, and s, or special factors underlying performance on individual subtests.  

Alfred Binet and Theophile Simon (1905) were the first to publish a method of 

assessing human intelligence, that they termed “The Psychological Method”.  Binet and 

Simon’s work arose from the need to assess and educate children with below “normal” 

intellectual ability, which lead to the development of the Stanford-Binet scales of 

intelligence.  

During World War I and II, the use of intelligence tests became widespread.  In the 

1930s, 40s and 50s, researchers used factor analysis to examine the components or 

factors underlying tests of intelligence (Thurstone, 1948; Wechsler, 1950).  In contrast 

to Spearman’s g theory, Thurstone (1932) published his multifactorial theory of human 
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intelligence, focusing on seven primary mental abilities including verbal 

comprehension, spatial visualization and memory.  Critics of Thurstone’s theories have, 

however, argued that g still underlies these abilities (Thorndike, Hagen, & Sattler, 

1986).  In 1957, Raymond Cattell presented his model of fluid and crystallized 

intelligence (Cattell, 1957).  Cattell, a doctoral student of Spearman’s, hypothesized that 

g was not a single trait but a composite of two types of ability; fluid and crystallized 

intelligence (Flanagan, McGrew, & Ortiz, 2000).  Fluid intelligence (Gf) represented 

biological, innate abilities, thought to be culture-free.  Crystallized intelligence (Gc) 

represented learned intelligence or knowledge, dependent on education and life 

experiences.  Horn later expanded this theory (1968) to include four additional cognitive 

abilities; Gv, visual perception or processing; Ga, auditory processing ability; Glr, long-

term storage and retrieval; and Gs, speed of processing.  The idea that intelligence was 

multifactorial was taken to the extreme by Guilford in 1959.  Guilford’s theory (1959) 

on the “structure of intellect” described a theoretical model that predicted as many as 

120 distinct cognitive abilities.  

In the 1980s, two notable theories were proposed on multiple forms of intelligence.  

Gardner (1983) argued that musical, bodily kinesthetic, and personal intelligence were 

important types of intelligence, in addition to more traditional concepts of intelligence 

(e.g. linguistic, logical-mathematical and spatial intelligence).  Critics of Gardner’s 

theory have since argued that some of the abilities proposed are special talents as 

opposed to types of intelligence (Sternberg, 1988), and that intelligence has been found 

to be more hierarchical than his theory proposes (Neisser et al., 1996).  The second 

major theory of intelligence in the 1980s was Robert Sternberg’s triarchic theory 

(Sternberg, 1988).  Sternberg proposed three aspects of human intelligence: analytic, the 

type of intelligence measured by traditional tests; practical; and creative intelligence or 

the ability to think in novel ways.  Sternberg argued that traditional intelligence tests did 

not measure intelligence skills that were necessary for everyday life.   In support of this 

theory research has been undertaken examining different types of problem solving.  In a 

study of Brazilian child street vendors, researchers found that children and adolescents 

were better at solving mathematical problems in their trade than solving mathematical 

problems in formal math tests (Carraher, Carraher, & Schliemann, 1985).  Another 

study on avid horse racing patrons found that expert handicappers used a complex 
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mental model involving as many as seven variables, that was specific to predicting race 

winners (Ceci & Liker, 1986). 

3.2 Definitions of Intelligence and IQ 

Intelligence theories and intelligence testing has largely impacted on how intelligence 

has been defined.  In ancient times, philosophers like Plato and Aristotle described the 

cognitive aspects of human beings and Cicero was the first to use the term 

“intelligence” (Eysenck & Kamin, 1981).   One way of defining intelligence has been 

through the idea that: 

“Individuals differ from one another in their ability to understand complex 

ideas, to adapt effectively to the environment, to learn from experience, to 

engage in various forms of reasoning, to overcome obstacles by taking 

thought” (p. 77, Neisser et al., 1996, p. 77) 

While expert opinions differ to some extent on the definition of intelligence, most 

concepts of intelligence include an individual’s ability to think rationally and act 

decisively within their environment (Sternberg, 1988; Wechsler, 1939), to learn, and to 

problem solve in novel situations (Kline, 1991). 

Another important question in the study of intelligence is what is IQ?  The term IQ 

comes originally from the quotient derived from norms, described as mental ages 

(Kline, 1991).  In early intelligence tests, a mental age based on a test score was divided 

by a child’s chronological age and multiplied by 100 to derive an IQ score.  This 

technique has now been outdated and current IQ tests calculate children’s IQ using 

standardised, normalised scores. 

There has been much debate in the literature as to whether IQ is an appropriate measure 

of intelligence.  In part, this debate has been fueled by the differing theories of 

intelligence proposed earlier in this chapter.  Most researchers agree that current IQ 

tests do not sample all aspects of intelligence (e.g. practical intelligence) (Neisser et al., 

1996).  What is important is that an IQ test should include a variety of tasks, not just 

specific abilities (e.g. vocabulary), and these tasks should be positively correlated 

(Eysenck & Kamin, 1981). 
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In support of IQ testing, research has found that abilities assessed by tests such as the 

Wechsler intelligence scales for children are positively correlated (Kline, 1991).  

Furthermore, most researchers regard g as the most valid measure of intelligence, and 

Full-scale IQ scores are considered to be the most g-loaded (Neisser et al., 1996).  IQ 

scores are also fairly good predictors of achievement (e.g. school achievement) (Neisser 

et al., 1996).  This is not surprising as intelligence tests were originally designed by 

Alfred Binet to predict children that would succeed at school (Ceci, 1991).  The 

correlation between IQ scores and school grades is approximately 0.50, and total years 

of education is 0.55 (Neisser et al., 1996).  The relationship between IQ and 

achievement, however, is complex and is partially accounted for by factors such as 

parental socioeconomic status (SES) (Neisser et al., 1996).  Childhood IQ scores have 

also been associated with later negative health outcomes, such as cardiovascular 

disease, cancer incidence and premature mortality (Hart et al., 2003). 

3.3 Limitations of IQ Testing  

“In short, there has never been a measure that has been so ardently endorsed 

and widely validated and yet so pervasively controversial as IQ” (Ceci, 1991 p. 

703)  

There are a number of limitations of IQ testing.  As discussed previously, one major 

criticism of IQ tests is that they do not sample all aspects of intelligence.  A second 

major criticism of IQ tests is that they are culturally biased.  Studies that have examined 

ethnic differences in intelligence, date back to the beginning of formal intelligence 

testing (Woodworth, 1910).  Controversial research in this area has postulated that 

ethnic differences in IQ scores are due to innate ability.  For example, Arthur Jensen in 

1969 published research suggesting that black people in the United States had lower IQs 

than white people (Jensen, 1969).  Jensen claimed that this difference could not be 

accounted for by differences in environment and was therefore partially caused by 

genetic differences.  Intelligence is now understood to be hereditary and also influenced 

by environmental factors.  The controversy surrounding research on the heritability of 

intelligence has been partly created through a general misunderstanding of genetic 

theory (Eysenck & Kamin, 1981).  Heritability is the proportion of phenotypic variance 

attributable to genetic variance and individual heritability (h2) of intelligence is 
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approximately 0.50 (Papalia, Wendkos Olds, & Duskin Feldman, 2001).  However, high 

heritability within a group of people does not necessarily explain a source of difference 

between groups of people (Eysenck & Kamin, 1981). 

Other cross-cultural studies on intelligence have found significant differences in IQ 

between different ethnic groups (Lynn, 1982; Thorndike, Hagen, & Sattler, 1986).  

However, one explanation is that these differences in IQ are within the range of effect 

sizes produced by socioeconomic and environmental factors (e.g. Fergusson, Lloyd, & 

Horwood, 1991).  Factors such as oppression and racial discrimination may also play a 

role, in particular affecting people’s motivation and effort to achieve (Ogbu, 1978, 

1994).  There has also been debate about whether the characteristics of IQ tests (e.g. 

content and administration) are culturally biased (Helms, 1992; Miele, 1979; Valencia, 

Rankin, & Livingston, 1995).  Recently IQ tests have been revised to minimize bias.  

For example, work on the WISC-III included over sampling of minority children to test 

for bias and an expert panel who helped to revise content by providing a balance of 

references to males and females and a range of ethnically identifiable topics and persons 

(Wechsler, 1992). 

In summary, over the last century there has been much debate regarding what 

intelligence is and how it should be measured.  Intelligence is broadly considered to be 

the ability to think rationally and act decisively.  Although IQ tests provide a valid and 

reliable way to measure intelligence, these tests are not without their limitations.      
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4 Cognitive Development Theories 

This chapter provides a brief summary of major theories of cognition and cognitive 

development.  In this chapter key theories and types of research will be described and 

reference will be made to important theorists within these research areas.  Approaches 

reviewed in this chapter generally fall into one of two theoretical perspectives: the 

cognitive perspective and the contextual perspective.  Because the focus of this thesis is 

on intelligence, where applicable developmental theories will be discussed in relation to 

children’s intelligence.  This chapter begins by defining three important concepts: 

middle childhood; cognition; and cognitive development. 

4.1 Middle Childhood    

This thesis examines the determinants of intelligence in children aged 7 years.  The 

middle years of childhood are approximately between the ages of 6 and 12 years 

(Papalia, Wendkos Olds, & Duskin Feldman, 2001).  During this time children exhibit 

large improvements in thinking, memory, numeracy and literacy.  Formal schooling 

becomes an important part of children’s lives, particularly in industrialised countries.  

At this age IQ scores become good predictors of later functioning, compared to scores 

of preschool children’s intelligence (Halperin & McKay, 1998).  Flavell (1985;  2000) 

described seven developmental trends that occur during middle childhood and 

adolescence: 

1. Increases in information-processing capacity  

2. Increases in domain-specific knowledge  

3. Concrete and formal operations  

4. The ability to engage in quantitative thinking  

5. The acquirement of “a sense of the game” type of thinking  

6. Developmental advances in metacognitive skills  

7. Improvement of the cognitive competencies the child already possesses  

In relation to these trends, firstly the information processing approach focuses on the 

structure and processes of the human mind (Floden, 1981), and this approach will be 

discussed later in this chapter.  Secondly, increases in domain-specific knowledge refers 

to the acquisition of knowledge in a number of areas (e.g. mathematical problem 
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solving) (Flavell, 1985).  Thirdly, concrete and formal operations broadly refer to the 

ability to think logically (concrete) and then abstractly (formal).  These terms will be 

discussed in a later section in this chapter on Piaget’s theories.  Fourthly, quantitative 

thinking involves not only the acquisition of basic numerical skills but also skills in 

quantification and measurement.  “A sense of the game” type of thinking refers to 

children’s increased knowledge about what is means to be able to think well versus 

poorly.  Sixthly, metacognition is the knowledge of one’s own cognitive processes and 

refers to the process of thinking about thinking.  Finally, an example of improvements 

in cognitive competencies is the ability to apply number knowledge acquired in 

preschool to more complex arithmetical problem solving. 

4.2 Definitions of Cognition and Cognitive Development  

Cognition is a term that encompasses many different processes including knowledge, 

intelligence, thinking, imagining, generating plans and strategies, problem solving, 

organised motor movement, perception, memory, attention and learning (Flavell, Miller, 

& Miller, 2002).  Cognitive development is defined as change and stability in learning, 

language, memory, thinking, creativity, moral reasoning, and other mental abilities 

(Papalia, Wendkos Olds, & Duskin Feldman, 2001).  Cognitive development research is 

the scientific study of knowledge acquisition in children and is important for a number 

of reasons (Lee, 2000).  Firstly, it provides information to persons working with 

children (e.g. teachers, policy advisors, legal professionals) as well as contributing to 

the diagnosis and treatment of children with various disorders (e.g. learning 

disabilities).  Secondly, this type of research also helps to explain the origins of adult 

cognition.  Importantly, within the context of this thesis, cognitive development 

research has focused the attention on the role of maturation, and the influence of 

experience, on intelligence (Sternberg, 1988).  

4.3 Cognitive Perspective 

The cognitive perspective focuses on the way that people process, perceive and retrieve 

information (Westen, Burton, & Kowalski, 2006).  This perspective includes Piaget’s 

theory, the information-processing approach and neo-Piagetian theory. It also includes 

studies examining cognitive processes using brain research. 
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4.3.1 Piaget  

Jean Piaget (1896-1980) is considered by many to have been the most influential and 

important theorist of children’s cognition and cognitive development.  His cognitive-

stage theory was the first major theory of cognitive development and his work has been 

described as the most fully specified theory of intelligence ever proposed (Sternberg, 

1988). 

Piaget began his study of children’s intelligence in 1920 while working with Dr 

Theophile Simon at the Binet Laboratory in Paris, translating English reasoning tests 

into French (Ginsburg & Opper, 1979).  During formal testing, Piaget noticed that 

children of similar ages often gave the same wrong answers to the same questions 

(Ginsburg & Opper, 1979).  Piaget became interested in consistencies in children’s 

behaviour at different stages of development, and unlike most intelligence theorists did 

not focus on individual differences (Lee, 2000). Instead of using standardized tests of 

intelligence that focus on the number of successful or failed responses, Piaget created a 

clinical method to examine children’s cognition by using conversations patterned on 

psychiatric questioning. 

Piaget believed that cognitive development was a product of children’s attempts to 

explore and understand their worlds and he proposed a theory of cognitive development 

based on four qualitatively different stages (Piaget, 1966, 1975, 2000): 

1. Sensorimotor (Birth to 2 years)  

2. Preoperational (2 to 7 years) 

3. Concrete operations (7 to 11 years) 

4. Formal operations (11 years through adulthood). 

During the sensorimotor stage, Piaget proposed that infants learn about the world 

through their developing sensory and motor activity.  During the preoperational phase 

language and play are important for learning.  Piaget theorized, however, that children 

at this stage do not exhibit logical thought and are egocentric.  The concrete operational 

child can solve problems logically, but cannot think abstractly.  Finally, during the 

formal operations stage mental operations are used for abstract, logical, and scientific 

thinking. 
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According to Piaget, children represent knowledge in schemas (knowledge structures) 

and these schemas are what develop as children grow.  Piaget (1975) proposed that 

cognitive development occurs because of three interrelated mechanisms: (i) 

assimilation; (ii) accommodation; and (iii) equilibrium.  Piaget defined assimilation as 

the integration of information into existing cognitive structures and accommodation as 

the changing of the cognitive structures to include new information.  Therefore, 

assimilation and accommodation are two simultaneous and complementary 

mechanisms.  Piaget argued that cognitive development during childhood was due to 

biological adaptation to the environment (Piaget, 2000).  Adaptation comprises of both 

accommodation and assimilation and requires equilibrium between the two aspects 

(Piaget, 1966). 

4.3.2 Limitations of Piaget’s Theory 

Piaget’s pioneering work has significantly influenced the study of children’s cognition.  

There were, however, a number of limitations to his theory.  Firstly, cognitive 

development is now considered to be less “stage-like” and more gradual and continuous 

than Piaget proposed (Brainerd, 1978; Sternberg, 1988).  Secondly, Piaget 

underestimated the cognitive abilities of young children.  This is partly due to 

methodological reasons, particularly an over reliance on diagnostic tools dependent on 

linguistic and motor skills (Papalia, Wendkos Olds, & Duskin Feldman, 2001).  For 

example, in contrast to Piaget’s theory, studies using non-verbal techniques have found 

that young infants and children can build mental representations of objects and can 

detect differences in visual patterns, and differences between objects (Barr, Dowden, & 

Hayne, 1996; Goubet & Clifton, 1998; Hayne, MacDonald, & Barr, 1997; Swain, 

Zelazo, & Clifton, 1993; Zelazo, Kearsley, & Stack, 1995).  Finally, studies have also 

found that Piaget overestimated the ability of adolescents and adults to perform 

cognitive tasks, particularly rational thinking (Flavell, 2000; Siegler, 1991). 

4.3.3 Information-processing Theories 

As previously described, the information-processing approach focuses on the structure 

and processes of the human mind.  One of the main goals of the information-processing 

approach is to provide a testable, interpretation of what a brain does when dealing with 

a task or problem (Flavell, Miller, & Miller, 2002).  Information-processing 
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psychologists envisage the mind as a complex cognitive system similar to a computer 

(Simon, 1979) and like Psychometrists, these researchers are interested in individual 

differences in cognitive behaviour. 

The information-processing approach has contributed to the understanding of cognitive 

development particularly cognitive functioning in infants and children.  For example, 

researchers in this area have argued that weak correlations found between test scores of 

intelligence in young children and later scores may be due in part to methodological 

issues in psychometric testing (S. A. Rose, Feldman, & Jankowski, 2003).  Support for 

this has come from longitudinal studies showing a moderate relationship between 

infants ability to process sensory information and later IQ scores (DiLalla, Thompson, 

Plomin, & Phillips, 1990; S. A. Rose & Feldman, 1995; S. A. Rose, Feldman, 

Futterweit, & Jankowski, 1997; S. A. Rose, Feldman, & Jankowski, 2004).     

4.3.4 Neo-Piagetian Research 

Due to the limitations found in Piagetian theory, in the 1980s researchers began to 

integrate both Piagetian theory and the information-processing approach to the study of 

children’s cognition (Papalia, Wendkos Olds, & Duskin Feldman, 2001).  Neo-

Piagetian research encompasses a group of researchers and theorists that study the 

processes influencing qualitative maturation-based changes in children’s cognition and 

the limitations that affect learning at different stages of development (e.g. Case, 1987; 

Pascual-Leone, 1987).  Researchers examine age increases in children’s information-

processing abilities (e.g. processing speed, attention, memory capacity), proposing that 

cognitive development occurs as children become more efficient at processing 

information (Flavell, 2000).  Therefore changes in information-processing abilities 

explain in part, individual differences in cognitive development. 

4.3.5 Biological Approaches 

There are a number of biological approaches to the study of children’s cognition 

including behavioural genetics and cognitive neuroscience.  Importantly, these two 

approaches have significantly contributed to our understanding of children’s 

intelligence.  
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4.3.5.1 Behaviour Genetics 

Behaviour genetics is defined as the “field of study that explores the role of genes in 

producing individual differences in behavior and development” (Vasta, Haith, & Miller, 

1999, p. 97, p.97).  Genes carry hereditary information and guide human development 

(Vasta, Haith, & Miller, 1999).  Recent studies have found that genes associated with 

one type of cognitive ability (e.g. verbal ability) are associated other cognitive abilities 

(e.g. spatial ability) (Pedersen, Plomin, & McClearn, 1994; Petrill, Plomin, McClearn, 

& Smith, 1996).  Although these studies suggest that the same genes influence all 

cognitive abilities (Petrill, 1997; Plomin, 2004), genetic influences have also been found 

to independently influence specific cognitive tasks (e.g. vocabulary tasks) (Pedersen, 

Plomin, & McClearn, 1994).  Developmental research has also been undertaken to 

examine the influence of genes and environment on intelligence through studies of 

families, twins and adopted children (e.g. Bartels, Rietveld, Van Baal, & Boomsma, 

2002; J. M. Horn, Loehlin, & Willerman, 1979; Koeppen-Schomerus, Spinath, & 

Plomin, 2003; Malykh, Zyrianova, & Kuravsky, 2003; Toyoda, Nakamura, & Muraishi, 

2004).  As discussed in Chapter Two, individual heritability (h2) of intelligence is 

approximately 0.50.  Environmental factors also play a major role in shaping children’s 

cognitive development (Plomin, 2004) and contemporary researchers agree that both 

nature (genes) and nurture (environment) interact to determine children’s cognitive 

development (Mandler, 1994). 

4.3.5.2 Cognitive Neuroscience 

Historically, research on development has been restricted to the study of observable 

behaviour, without the examination of the neural basis of cognitive development (de 

Haan & Johnson, 2003).  Cognitive Neuroscience is the study of “how cognitive 

functions and their manifestations in behaviour and subjective experience, arise from 

the activity of the brain” (Rugg, 1997 p.1).  Rapid growth in this field of research has 

been due in part to technological advancements in the study of brain structure and 

function. 

Cognitive Neuroscientists primarily use three types of techniques:  

1. Animal studies  

2. Lesion studies 
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3. Studies of the human brain in vivo using non-invasive imaging 

Lesion studies examine cognitive impairment following brain injury, examining how 

the area of the brain that is damaged, as well as the timing of the injury (e.g. in infancy), 

impacts on cognitive ability (Rugg, 1997).  There are a number of techniques used to 

study the human brain in vivo.  Computed tomography (CT) and magnetic resonance 

imaging (MRI) have been used to study the structure of the brain (Rugg, 1997).  More 

recently, positron emission tomography (PET) and functional magnetic resonance 

imaging (fMRI) techniques have been used to examine brain function, by localizing 

changes in cerebral blood flow in relation to psychological processes (Rugg, 1997; 

Saxe, Carey, & Kanwisher, 2004).   For example, Duncan and colleagues (2000) found 

that performance on tasks that measured g (general factor intelligence) resulted mostly 

in the activation of the frontal lobe of the brain. 

Structural and functional MRI is the preferred technique for study of brains in healthy 

adults and children, as these methods do not use ionizing radiation (Rugg, 1997).  

However, this technique may not be applicable to younger and more uncooperative 

children. 

4.4 Contextual Perspective 

The contextual perspective focuses on the impact of the historical, social and cultural 

contexts on children’s development (Papalia, Wendkos Olds, & Duskin Feldman, 

2001).  Children acquire knowledge by participating in activities with their parents, 

other children and adults.  Children and society are not seen as separate entities, but are 

connected (Vasta, Haith, & Miller, 1999).  Therefore thought is understood as being 

social, even when a child is alone, because of the influence of culture on concept 

construction and interpretation (Flavell, Miller, & Miller, 2002).  This perspective 

includes Vygotsky’s theory, Bronfenbrenner’s bioecological theory and more recently 

concepts of the social world, including theory of mind.      

4.4.1 Vygotsky 

Lev Vygotsky (1896-1934) argued that research should focus on collaborative types of 

thinking which examine the difference between a child’s independent performance and 
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his or her performance in collaboration with others (particularly adults) (Vygotsky, 

1978).  This difference is defined as the Zone of Proximal Development (ZPD) and 

allows for the measurement of developmental potential (Vygotsky, 1978).     

Although some of Vygotsky’s articles were published in English, his work and theories 

became more popular in the 1960s, when researchers in the West began to focus on the 

social origins of cognitive processes (Kozulin, 1990).  One research technique based on 

Vygotsky’s theories is guided participation (Rogoff, 1993); the process of involvement 

of individuals with other individuals (e.g. parent and child) to communicate and carry 

out culturally valued activity.  An example of this type of research is a study that 

compared two groups of preschool children who were twice asked to sort furniture into 

a doll’s house.  On the second unaccompanied test, children who had originally 

interacted with their mothers performed better than children who had worked by 

themselves (and whose initial work had been corrected by experimenters) (Freund, 

1990). 

4.4.2 Bronfenbrenner’s Bioecological Theory  

Urie Bronfenbrenner’s work spans six decades (Bronfenbrenner, 2005).  In contrast to 

Vygotsky, who focused more on the cultural, social, and historical context in which 

children develop, Bronfenbrenner’s theory emphasizes these contextual systems as 

being centered around the child (Papalia, Wendkos Olds, & Duskin Feldman, 2001).  At 

the innermost level is the developing child, who is surrounded by a set of nested 

structures or systems (Bronfenbrenner, 1977): 

1. The microsystem 

2. The mesosystem 

3. The exosystem 

4. The macrosystem 

The microsystem is the setting in which a child functions on a day-to-day basis (e.g. 

home, school, peer group).  This system encompasses a range of complex relations 

between a child and his or her environment.  The mesosystem is the set of interacting 

microsystems (e.g. home and school) constituting a child’s developmental niche at a 

certain point of time (Lerner, 2005).  The exosystem is a number of interacting contexts 
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that influence development (e.g. a parent’s workplace), but do not directly involve the 

child.  Finally, the macrosystem is the level that involves culture and macroinstitutions 

(e.g. government).  More recently the dimension of Time has been added to the model, 

affecting the micro-, meso-, and macrosystems (Bronfenbrenner & Morris, 1998). 

Bronfenbrenner therefore views a person as an active agent in their own development, 

and the process of development as being an integration between the person and their 

active context (Bronfenbrenner, 2005; Lerner, 2005). 

4.4.3 Theory of Mind  

Research on children’s theory of mind has become increasingly popular.  Theory of 

mind (ToM) refers to the ability to attribute mental states, such as beliefs, to oneself and 

to others (Premack & Woodruff, 1978).  Piaget originally concluded that preschool 

children do not understand the difference between their own beliefs and another’s point 

of view (Gleitman, Fridlund, & Reisburg, 1999).  However, research techniques 

developed to assess ToM, particularly the false-belief paradigm, have now shown that 

during early childhood there are significant improvements in theory of mind (Happe, 

1995; Wimmer & Perner, 1983). 

Research in this area is important because ToM is central for social interaction and is 

also positively associated with various cognitive abilities (e.g. verbal ability) (Hughes et 

al., 2005) including children’s executive functioning (Hughes & Ensor, 2005; Sabbagh, 

Xu, Carlson, Moses, & Lee, 2006).  Executive functioning is a term that encompasses a 

complex set of mental processes that are responsible for flexible goal-directed responses 

to both novel and complex situations (Hughes & Graham, 2002).  In addition, more 

advanced ToM development has been associated with environmental factors such as 

positive sibling relationships (e.g. time spent playing together) (Hughes & Ensor, 2005) 

and higher levels of parental occupation and maternal education (Cutting & Dunn, 

1999). 

4.5 Summary 

This chapter provides a brief summary of the major theories and approaches to the study 

of children’s cognitive development.  These theories fall into two broad perspectives: 



 104

the cognitive perspective and the contextual perspective.  The cognitive perspective has 

greatly contributed to our understanding of the processes and structures underlying 

children’s cognition.  The contextual perspective emphasizes the importance of the 

social component (e.g. environment and culture) in children’s development (Papalia, 

Wendkos Olds, & Duskin Feldman, 2001).  Although theories in this chapter have been 

categorized into two different perspectives, research is often undertaken using a range 

of theoretical approaches and methodological techniques (e.g. J. Duncan et al., 2000; 

Saxe, Carey, & Kanwisher, 2004).  Even researchers like Piaget and Vygotsky, who are 

often perceived as being opponents, shared similar beliefs regarding the importance of 

understanding the biological basis of cognition and the influence that society and 

culture has on children’s cognitive development (Sternberg, 1988). 
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5  Methodology 

5.1 Auckland Birthweight Collaborative Study 

This study was part of the overall Auckland Birthweight Collaborative (ABC) study.  

The ABC study is a longitudinal prospective case-control study that was originally 

developed to identify risk factors related to SGA births in New Zealand, and then to 

assess the growth and development of these children through early life. 

5.2 Participants 

5.2.1.1 Recruitment at Birth 

The recruitment of babies for the ABC study occurred between 16 October 1995 and 12 

August 1996 in the Auckland Health and Waitemata Health regions.  All babies in the 

study who were born SGA at term (defined as 37 completed weeks of gestation or 

greater) and resident in the Auckland and Waitemata areas were invited to participate.  

Babies were classified as SGA if they were born weighing less than, or equal to, the 

sex-specific 10th percentile for gestational age (J. M. Thompson, Mitchell, & Borman, 

1994).  The date of the last menstrual period was used to estimate gestation if it was 

available and within two weeks of the best clinical estimate of gestational age at birth, 

otherwise the best clinical estimate of gestation was used.  A random sample of one in 

16 babies born appropriate-for-gestational-age (AGA), were also invited to participate.  

AGA was defined as being born more than the sex-specific 10th percentile for 

gestational age.   SGA infants born and resident in the Auckland Healthcare region 

between 12 August 1996 and 30 November 1997 were also eligible for inclusion.  A 

random sample of babies born AGA during this period (1 in 8) was invited to 

participate.  Infants were not recruited from the Waitemata Health region between 12 

August 1996 and 30 November 1997 because the hospitals in this area stopped using the 

Auckland Maternity Services Information System (AMSIS) database to record obstetric 

information.   Information from the AMSIS database was sent to researchers every day 

during the study recruitment period. 
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5.2.1.2 Study Inclusion  

During the recruitment phase 2308 eligible singleton babies were born.  Babies had 

been previously excluded if they were delivered at home (<1%) or were multiple births.  

Of the eligible babies, 107 infants born with congenital abnormalities likely to affect 

growth and/or birthweight were excluded.  Babies were also excluded if they were 

adopted (n=3), or not resident in the study area at the time of birth (n=10).  Six mothers 

were excluded because hospital staff considered that these mothers should not be 

contacted due to psychological reasons.  Ninety eight mothers could not be contacted 

either in the hospital or at home after the child was born.  A further 326 mothers 

declined taking part in the study, and during the original interview two mothers 

withdrew participation.  A total of 1756 mothers completed interviews when babies 

were born and 1714 complete interviews (844=SGA, 870=AGA) were available for 

analysis, after 42 questionnaires were lost.     

5.3 Study Phases 

Study members have been assessed at birth, one year of age, 3.5 years of age and 7 

years of age. 

5.3.1 Birth Phase 

Interviews took place following the birth of the child.  Mothers were interviewed either 

at the obstetric hospital or at home.  Information collected included obstetric records 

and an interviewer-administered maternal questionnaire.  The maternal questionnaire 

included questions on health, lifestyle, family history, perceived stress and social 

support during pregnancy.  Access to obstetric records in the AMSIS database was 

consented to by 1701 mothers, and of these 1691 records were available. 

Previous research on responders and non-responders at birth found that mothers of SGA 

infants were less likely to participate than mothers of AGA infants (J. M. Thompson et 

al., 2001). Non-European mothers were also less likely than European mothers to take 

part, however, there were no differences in gender, gestational age at birth, or hospital 

at birth. 
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5.3.2 1 year phase 

The second assessment phase took place when the infants were approximately 12 

months of age.  Parents were sent a questionnaire by post and were invited to complete 

and return it (a postage paid envelope was also enclosed).  The questionnaire was used 

to collect information on a wide range of factors including the infant’s growth, health, 

feeding patterns, household environment, as well as family support and lifestyle factors. 

Information on developmental delay was also collected using the Denver Revised 

Prescreening Developmental Questionnaire (R-PDQ).  There were 1093 respondents 

(SGA=502, AGA=591) at this phase, 64% of the original 1714 participants.      

5.3.3 3.5 Year Phase 

The third assessment phase took place when the children were approximately 3.5 years 

of age.   Assessments took place at the Starship Children’s Research Centre.  An 

interviewer-administered maternal questionnaire was used to collect information on the 

children’s health, household environment, maternal perceived stress and family social 

support.  An interviewer-administered children’s semi-quantitative food frequency 

questionnaire (FFQ) was also completed by the mother.  Growth, body fat and blood 

pressure measurements were collected by a Research Nurse.  Blood was taken from the 

children at the Research Centre for biochemical measures such as haemoglobin.  At this 

phase, cognitive ability was measured using the Stanford Binet Intelligence Scale – 

Fourth Edition (Thorndike, Hagen, & Sattler, 1986), which was administered by trained 

assessors. 

5.3.3.1 Non-response at 3.5 Years 

A total of 711 families participated at 3.5 years (41%).  The response rate for non-New 

Zealand (NZ) European participants at age 3.5 years was low and a total of 161 of an 

eligible 843 non-NZ European families participated (19%).  An application for 

additional funding to employ researchers with relevant ethnic backgrounds for working 

with non-NZ European participants was unsuccessful for this phase.  Due to the low 

response rate, analysis of data at the study was restricted to NZ European participants as 

findings from non-NZ European participants were likely to be unrepresentative of the 

general population of these groups.  In consultation with the Maori study advisors it was 

decided that it would be unethical to collect further information that would not be used 
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to serve these communities.  As a consequence, non-NZ European participants were not 

contacted for the 7-year follow-up assessment phase and analyses in this thesis are 

restricted to NZ European mothers and their families. 

5.3.3.2 Study Participation of NZ European Mothers and Children 

At birth, information was collected on 871 children (SGA=385, AGA=486) whose 

mothers had self identified at booking as being NZ European.  At 1 year, 744 (85%) NZ 

European mothers and infants participated (SGA=315, AGA=429).  When the children 

were 3.5 years of age, 550 (63%) of the NZ European participants were assessed 

(SGA=232, AGA=318). 

Reasons for non-participation of NZ European mothers and children in the study at 3.5 

years were: families had moved within New Zealand (n=35) or overseas (n=45); 

families who could not be tracked despite collection of wider family contact 

information (n=40); participants did not show up for booked appointments (n=42); 

children could not be assessed before 4 years of age (n=38); families refused to 

participate at 3.5 years (n=68) or had previously requested not to be contacted to 

participate in future phases of the study (n=39); and the death of the mother or the child 

(n=2).  An additional 12 families were unable to participate due to a variety of reasons 

including needing to take care of other children; parents were working fulltime, or the 

unavailability of a suitable time for an assessment. 

It has previously been reported that at the 1 year phase, NZ European mothers were 

significantly more likely to respond if they had an AGA child, were married, had higher 

SES, had a higher school leaving age, did not smoke during pregnancy and were older 

than non-respondents.  No significant differences were found between respondents and 

non-respondents at 1 year for marijuana use in pregnancy, type of delivery, level of 

maternal tertiary education, perceived stress during pregnancy or social support during 

pregnancy (Slykerman, 2005).  At 3.5 years, mothers were significantly more likely to 

participate if their child was born AGA, if they were married, had higher SES, were 

older, had attended university, did not smoke during pregnancy and had breastfed for 

longer than one month (Slykerman, 2005; Slykerman, Thompson, Becroft et al., 2005).  

Respondents did not differ, however, in relation to gender, gestational age, parity, 

delivery method, developmental delay status at 1 year, pacifier use at 1 year, maternal 

social support during pregnancy or maternal perceived stress during pregnancy. 
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Of the 550 NZ European families that participated at 3.5 years, mothers completed 539 

interviews and fathers completed 11 interviews. 

5.3.4 7 Year Phase 

A fourth assessment phase took place when the children were approximately 7 years of 

age.  At this phase an interviewer-administered maternal questionnaire was used to 

collect information on the children’s health, household environment, socio-demographic 

variables, maternal perceived stress and family social support. Mothers also completed 

an interviewer-administered children’s semi-quantitative FFQ.  A Research Nurse 

collected information on the children’s height, weight, body fat and blood pressure.  

Mothers were given blood test forms and asked to take children to a laboratory for the 

collection of a blood sample.  Blood samples were analysed to assess biochemical 

measures such as haemoglobin.  Children’s intelligence was measured using the 

Wechsler Intelligence Scale for Children – Third Edition (WISC-III) administered by 

one of three trained assessors. 

A total of 755 NZ European mothers and children were eligible to take part at 7 years 

based on the criteria of having attended at birth and at either the 1 year or the 3.5 year 

assessment phases.  The majority of the participants (n=499) were seen at the Starship 

Children’s Research Centre.  Home visits were also conducted for 92 children (15.6%).  

Reasons for requesting home visits included participants living outside of Auckland 

City and difficulty finding childcare for siblings.  At 7 years there were 591 respondents 

(78%).  Reasons for non-participation at 7 years included: having moved overseas 

(n=36); having moved in New Zealand (n=47); refusing to participate (n=35); 

researchers could not track families (n=33); children could not be seen before their 8th 

birthday (n=6); and children were not well enough to participate in the study or the child 

or mother had died (n=7). 

At 7 years the majority of the interviews were completed by mothers (n=561).  Of the 

remaining 30 interviews, 24 interviews were completed by fathers, four were completed 

by grandmothers and one was completed by the stepfather.      



 110

5.4 Independent Variables 

The following section will outline and describe the independent variables used in this 

research.  Due to the longitudinal nature of the ABC study, a large amount of data has 

been collected on a wide range of health and developmental indicators.  Therefore, the 

ABC study variables described in the following sections are only those included in this 

thesis.  These variables include pregnancy and obstetric factors, socio-demographic 

factors, postnatal factors and dietary factors. 

5.4.1 Pregnancy and Obstetric Factors 

5.4.1.1 Maternal Age 

Maternal age at the birth of child was calculated from maternal date of birth information 

and the date of birth of the child.  Maternal age was originally categorised as less than 

20 years, 20 to 24 years, 25 to 29 years, 30 to 34 years, and 35 years and older.  

Maternal age was categorised based on literature that suggested the highest risk 

categories were the youngest and oldest mothers.  Due to the small number of young 

mothers at birth who participated at the 7-year phase of the study, maternal age 

categories of less than 20 years and 20-24 years of age were combined for analyses.  As 

a supplementary analysis, maternal age was also examined as a continuous variable.   

5.4.1.2 Maternal Pregnancy Hypertension 

Information on maternal hypertension during pregnancy was taken from the obstetric 

records.  Case notes were also reviewed for 186 mothers who had been entered into the 

AMSIS system for the following reasons: induction of labour due to hypertension; 3rd 

trimester diastolic blood pressure higher than 90mmHg; having pre-existing 

hypertension; or proteinuria (Becroft, Thompson, & Mitchell, 2002).  Of these 186 

mothers, hypertension was excluded in 91 mothers.  Based on criteria defined by North 

and colleagues (North, Taylor, & Schellenberg, 1999) 64 mothers had pregnancy-

induced hypertension, of whom 40 had gestational hypertension and 24 mothers had 

preeclamptic toxaemia.  Pre-existing hypertension defined as having hypertension 

before pregnancy or before 20 weeks gestation, was found in 13 mothers.  A review was 

also undertaken for mothers (n=50) with no recorded third trimester blood pressure 
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information and of these, one mother was found to have pregnancy-induced 

hypertension. 

For analysis purposes mothers were divided into the following groups; pre-existing 

hypertension, pregnancy-induced hypertension and no hypertension. 

5.4.1.3 Maternal Iron Treatment, Anaemia, and Haemoglobin in Pregnancy  

At the birth of the child, mothers were asked if they had taken iron supplementation 

during pregnancy.  Mothers were also asked if they had taken anaemia medication 

during pregnancy.  Information on the lowest maternal haemoglobin level during 

pregnancy was taken from the obstetric database.  Maternal lowest haemoglobin level 

was categorized into those mothers whose lowest haemoglobin was less than 110 g/L 

and those mothers whose lowest recorded haemoglobin during pregnancy was equal to 

or greater than 110 g/L.  This cut-off is similar to those used in other studies and is used 

to define anaemia in pregnant women by the World Health Organization (WHO) 

(Panaretto et al., 2006; Stoltzfus & Dreyfus, 1998; World Health Organization, 2001b).  

5.4.1.4 Maternal Smoking during Pregnancy  

Maternal smoking information was taken from the obstetric records and the maternal 

questionnaire at birth.  At birth information on smoking during pregnancy was available 

for 1178 mothers.   As Kappa statistics showed excellent agreement between 

information from obstetric records and questionnaires (Kappa=0.82) (Mitchell et al., 

2002), smoking information for this study was taken from the maternal questionnaire.  

Mothers were categorized into those who smoked during pregnancy and those who did 

not. 

5.4.1.5 Maternal Marijuana Use during Pregnancy 

At birth maternal marijuana use during pregnancy was recorded in the maternal 

questionnaire.  Due to the small number of mothers who reported using marijuana 

during pregnancy, mothers were classified into those who used marijuana and those 

who did not.  Information was also collected on other illicit drugs taken during 

pregnancy, but due to small numbers of mothers who took these drugs (e.g. cocaine use: 

n=1), this information was not analysed. 
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5.4.1.6 Maternal Alcohol Intake during Pregnancy 

At birth mothers were asked about their alcohol consumption during pregnancy.  

Information collected included how many times mothers drank from the following 

alcohol groups during the first and last month of pregnancy: (a) a glass of wine; (b) a 

glass of sherry or port; (c) a serve of spirits or liqueur; or (d) a can of beer.  For analysis 

purposes alcohol groups were combined and mothers were divided into those who drank 

alcohol during the first month of pregnancy and during the last month of pregnancy, and 

those who did not.  Mothers were also divided into those who drank more than seven 

units of alcohol per week, and those who did not.  Finally mothers were categorized into 

those who drank more than 14 units of alcohol per week and those who did not. 

Mothers were also asked to recall the most number of alcoholic drinks they had 

consumed on any one occasion during their pregnancy.  Mothers were categorized into 

those who had at least one period of binge drinking during pregnancy, and those who 

did not.  The definition of binge drinking used in this study was five or more drinks at 

one time based on criteria for adult women defined by Alcohol Advisory Council of 

New Zealand (Alcohol Advisory Council of New Zealand (ALAC), 2005). 

5.4.1.7 Gender 

Information on the infants’ gender was obtained from the obstetric database.  At birth 

there were 429 NZ European boys and 442 NZ European girls. 

5.4.1.8 Gestational Age 

Information on weeks of gestation at delivery was collected from obstetric records.  As 

described previously, all children in the ABC study were born at full-term, defined as 

37 or more completed weeks of gestation.  Also as described previously, the date of the 

last menstrual period was used to estimate gestation if available, otherwise the best 

clinical estimate of gestation was used. 

5.4.1.9 Delivery Method 

Delivery method information was taken from obstetric records and was coded as 

‘normal’ vaginal, assisted vaginal (including forceps and ventouse delivery) and 

caesarean births.  
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5.4.1.10 Infant Birthweight 

Information on birthweight was taken from obstetric records and was recorded in grams.  

Birthweight information in association with weeks of gestation information was used to 

classify SGA and AGA infants.  At birth 44 percent of the NZ European infants were 

SGA and 56 percent were AGA.  Due to the nature of the ABC study, analyses 

performed on the total sample were weighted using birthweight to account for the 

disproportionate number of SGA children in the study.  This procedure will be 

discussed in more detail in the statistical analysis section of the Methodology.  

Weighting was not performed for analyses on the SGA group alone or when interaction 

analyses were performed examining differences between SGA and AGA groups. 

5.4.1.11 Ethnicity 

Ethnicity information was collected at birth in obstetric records and in the maternal 

questionnaire.  Due to multiple sources of ethnicity information, ethnicity in this study 

was based on obstetric records as reported by mothers in hospital at time of birth.  

Ethnicity information in these records was used as this source contained the least 

amount of missing data. Ethnicity was categorized into the following groups: New 

Zealand European; Maori; Pacific Island; Chinese; Indian; Other-Asian; Other.  As 

described previously, analyses in this thesis were restricted to NZ European mothers 

and children.      

5.4.2 Socio-demographic Factors 

5.4.2.1 Parental Education 

Information on maternal and paternal school leaving age was collected at birth using the 

following categories: left school before 16 years of age; left school at 16 years of age; 

and left school after 16 years of age.  Information was also collected at birth on any 

further education attained by mothers or fathers.  Further education responses were none 

(no further education), trade education, professional education, and university.  

Information on the age when mothers or father left school and information on further 

education was combined to create the following categories for both mothers and fathers: 

left school before 17 years of age and did not attend university; left school at 17 years of 

age or older and did not attend university; and attended university.    



 114

5.4.2.2 Parental Occupation 

Information on maternal and paternal occupation was collected at birth and at 7 years.  

At birth mothers were asked to describe their most recent paid job and whether they 

worked during pregnancy.  Mothers were also asked to describe their baby’s father’s 

current position.  Information on parental occupation at birth was then coded into an 

indicator of socioeconomic status (SES) using the Elley Irving classification of 

occupation (Elley & Irving, 1985).  Family SES was defined using either the mother’s 

or father’s occupation, based on whose occupation was coded as being the highest.  

Occupations at birth were coded into ‘social classes’ from one to six (most professional 

to unskilled labour), and those receiving government benefits (e.g. unemployment 

benefits) were coded as seven.  Social classes one and two were combined to create a 

high SES category, classes three and four were combined to create a middle SES group, 

and classes five, six and seven were categorized as low SES. 

At 7 years, mothers were asked to describe their current work position.  Mothers were 

also asked to describe their partner’s or husband’s current position.  Occupations were 

then coded into SES groups using the New Zealand Socioeconomic Index (NZSEI) 

(Davis et al., 1999).  NZSEI ‘classes’ are derived from the New Zealand Standard 

Classification of Occupations 1990 (NZSCO90) (Department of Statistics, 1992).  The 

NZSEI is comparable to the International Socioeconomic Index (ISEI) and the 

International Standard Occupational Coding System (ISCO88) (Davis et al., 1999).  The 

NZSEI was used at 7 years because it provided more up-to-date occupation 

classifications (including full-time and part-time work) than the Elley-Irving 

classifications.  The NZSEI divides occupations into six discrete classes with ‘1’ 

representing the highest SES through to ‘6’ representing the lowest SES.  At 7 years 

family SES was defined using the highest occupation score of the mother or their 

partner or husband.  Scores were then converted into three groups.  Social class 1 and 2 

were added to create a high SES group, classes 3 and 4 were combined to create a 

middle SES group and classes 5 and 6 were combined to create a low SES group.  In 

this thesis SES groups derived from parental occupation will be described as high 

occupational status, middle occupational status and low occupational status.  
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5.4.2.3  Parental Income 

Income information was collected at birth and at 7 years.  At birth, mothers were asked 

to describe the gross (before tax) combined yearly income of all household members.  

Income category options in the parental questionnaire at birth were: 1=less than $15,000 

gross; 2=$15,000 - 25,000; 3=$25,001 - $35,000; 4 = >$35,000. 

At 7 years, mothers were asked to describe the gross (before tax) yearly combined 

income of all household members.  Income at phase 4 was categorized into the 

following groups: 1=less than or equal to $50,000; 2=$50,001 - $70,000; 3=$70,001 - 

$100,000; 4= >$100,000.     

5.4.2.4  Maternal Marital Status 

Maternal marital status information was collected at birth, 3.5 years and 7 years.  At 

these phases mothers were asked if they were single, divorced, de facto, married, 

separated or widowed.  De facto relationships in New Zealand are defined as “a 

relationship between two persons who live together as a couple who are not married to 

each other” (Legal Recognition of Adult Relationships: Definition of De Facto, Parental 

Relationships and Unmarried Minors, 2004).  The categories single (never married) and 

single (separated, divorced, or widowed) were combined to make a single group, due to 

small numbers in the latter categories.  This created three marital status groups, single, 

defacto and married. 

At 3.5 years and 7 years mothers were also asked whether they lived with the child’s 

natural father.  This information was combined with marital status information to create 

the following groups: single; living with new partner (de facto or married); living with 

biological father (de facto); and married (biological father).      

5.4.2.5  Birth Order 

Parity was measured at the birth of the study child in the maternal questionnaire with 

the following question: “How many pregnancies, including miscarriages, did you have 

before this child?”  Information on the number of children in the household was 

recorded at 1 year, 3.5 years and 7 years.  At 3.5 years and at 7 years, mothers were also 

asked whether the child had older and younger siblings.  Birth order information 

collected at the 7 year phase of the study was used in analyses as this provided the most 
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recent information on siblings, including siblings born between the 3.5 year and 7 year 

phase. 

5.4.3 Postnatal Factors 

5.4.3.1 Maternal Perceived Stress 

Maternal stress was measured using the Perceived Stress Scale (PSS) (S. Cohen, 

Kamarck, & Mermelstein, 1983) at birth, 3.5 years and 7 years.  The PSS measures the 

degree to which a person appraises situations in their life over the last month as being 

stressful (e.g. “In the last month, how often have you been upset because of something 

that happened unexpectantly?”). Coefficient alpha reliability for the PSS is reported as 

being 0.84 or higher and test-retest reliability for the scale was 0.85 over a two-day 

period and 0.55 over six weeks (S. Cohen, Kamarck, & Mermelstein, 1983).  In this 

study the Perceived Stress Scale – 10 item (PSS-10) was used (containing 10 questions) 

(S. Cohen, Kamarck, & Mermelstein, 1983). Authors of the PSS consider the scale to 

predict stress best over a one- to two-month period.  

At birth, mothers in the study were categorized into two groups, one group defined as 

high stress and the other group defined as low to medium stress (Slykerman, Thompson, 

Pryor et al., 2005).  Scores at or above the 75th percentile (scores of 20 or above) were 

defined as high stress and scores below the 75th percentile were defined as low to 

normal stress scores.  The mean score at birth was 18.4.  The same cut-off score of less 

than 20 was used to define low to normal stress in later phases.  These cut-offs were 

used in previously published ABC study research (Slykerman, Thompson, Pryor et al., 

2005).  Furthermore, a number of overseas studies have also categorised participants 

into high and low stress categories (Pruessner, Hellhammer, & Kirschbaum, 1999; van 

Eck, Berkhof, Nicolson, & Sulon, 1996).  Cut-off values were used in the ABC study 

because the variable of interest was high maternal stress, as opposed to examining the 

range of maternal stress experiences.  Perceived stress information was not analysed if 

the primary interviewee was not the mother.  Perceived stress data from 11 interviews 

were therefore excluded from analyses at 3.5 years and from 30 interviews at 7 years. 
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5.4.3.2 Maternal Social Support 

Social support information was collected at all four phases of the study and was 

measured using the Family Support Scale (FSS) (Dunst, Jenkins, & Trivette, 1984).  

This scale is designed to measure the qualitative aspects of support.  Participants are 

asked to rate the helpfulness of different types of support in their lives (e.g. “During the 

last six months how helpful have you found your parents?”).  The scale contains 18 

questions.  Coefficient alpha reliability for the total score of the FSS is reported as being 

0.77 or higher (Dunst, Jenkins, & Trivette, 1984; Hanley, Tasse, Aman, & Pace, 1998).  

Test-retest reliability for the total score over a month period was found to be 0.91 

(Dunst, Jenkins, & Trivette, 1984).  FSS scores have been significantly associated with 

personal and family wellbeing and also found to predict the number of parent and child 

interactions (Dunst, Jenkins, & Trivette, 1984).  At 1 year, mothers were asked about 

social support over the last three to six months.  At 3.5 years and 7 years mothers were 

asked about social support over the last six months.  As with perceived stress, social 

support scores were only analysed if mothers completed the interviews. 

Social support scores at all four phases were categorized into either low support (scores 

< 25th percentile of scores) and medium to high support (scores > 25th percentile of 

scores).  At birth total social support scores were defined as low support if they were 

equal to, or below 24.  This cut-off was used at all four phases as an indicator of low 

social support.  Cut-off values were used because the variable of interest in this study 

was low maternal social support, as opposed to the range of maternal social support 

experiences.  Furthermore, low social support (defined using cut-off values of less than 

or equal to the 25th percentile of scores) has been previously found to be significantly 

associated with higher IQ scores in preschool children (Slykerman, Thompson, Pryor et 

al., 2005).   

5.4.3.3 Social Support and Stress 

Social support and perceived stress categories were combined to investigate whether 

social support attenuates the impact of stress on development.  Mothers were divided 

into four categories; high stress and low support, high stress and high support, low 

stress and low support and low stress and high support.  Perceived stress scores were 

not collected at the 1 year phase; therefore the combined stress and support categories 

could not be created for the 1 year phase. 
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5.4.3.4 Breastfeeding 

Breastfeeding information was collected at 1 year and 3.5 years.  Mothers provided 

information on the duration of non-exclusive breastfeeding (including formula and 

supplementary feeding).  This information was categorized into the following groups; 

not at all, less than six months, six to 12 months, or more than 12 months. 

Information was also collected on the length of exclusive breastfeeding.  Exclusive 

breastfeeding was defined as the period of time that infants were fed only breast milk 

(without formula or supplementary feeding).  Responses were categorized into four 

categories: not at all; less than two months; two to four months; five month to six 

months; longer than six months. 

At 1 year, breastfeeding information was available for 502 NZ European children.  At 

3.5 years, breastfeeding information was available for 550 children.  There was good 

agreement (Kappa=0.84) between breastfeeding information at 1 year and 3.5 years.  It 

is likely that mothers were better able to remember breastfeeding information at 1 year 

than at 3.5 years.  There was however, more breastfeeding information available at 3.5 

years.  Therefore breastfeeding information was taken from the 1-year questionnaire 

unless information was missing and then information was taken from the 3.5-year 

questionnaire. 

5.4.3.5 Pacifier use 

Information on pacifier use was collected when the children were 1 year of age.  

Mothers were asked if their infant had ever used a pacifier and if so, whether the infant 

was still using the pacifier.  The ABC study has previously reported that pacifier use 

was associated with breastfeeding (Slykerman, Thompson, Becroft et al., 2005), as 

mothers whose infants had not used a pacifier in their first year of life were significantly 

more likely to breastfeed.  As a result pacifier use was controlled for in multivariable 

analyses examining the association between breastfeeding and intelligence. 

5.4.3.6 Developmental Delay  

Developmental delay was assessed at 1 year using the Denver Revised Prescreening 

Developmental Questionnaire (R-PDQ) (Frankenburg, Fandal, & Thornton, 1987).  The 

R-PDQ was designed as a prescreening questionnaire to identify children who displayed 

developmental delays and would benefit from further assessment using the Denver 
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Developmental Screening Test (DDST).  The R-PDQ provides a quick, easy to 

administer screening procedure that decreases the need for administering the more 

comprehensive DDST.  The R-PDQ was used in this study as it was suitable for the 1-

year postal questionnaire. 

At 1 year, 22 questions from the R-PDQ were used to assess developmental milestones.  

Questions assessed the children’s fine motor, gross motor, language and personal/social 

skills.  Mothers were asked to respond “yes” or “no” regarding whether their child had 

reached a milestone (e.g. “Does your baby make either “ma-ma” or “da-da” sounds?”).  

Milestones that would be expected to have been achieved after the age of 16 months 

were excluded from the questionnaire.  Developmental delay was defined as not 

achieving a milestone that 90 percent of the children in the DDST standardization 

sample had achieved at the same age. 

Authors of the R-PDQ recommend that if a child has one delay they should be re-

screened after one month.  Children with two delays should be assessed further using 

the DDST.  Information on developmental delay was collected only once in this study 

using the postal questionnaire.  Therefore children with one delay at 1 year could not be 

re-assessed one month later.  As a result children’s delay information was analysed in 

two ways.  The number of developmental delays for each individual child was 

calculated and children were categorized into those with no developmental delays and 

those with one or more delays.  These groups were examined in relation to children’s IQ 

scores at 7 years.  Children were then divided into those with no delay, one delay, or 

two or more delays.  These groups were also examined in relation to the children’s IQ 

scores. 

5.4.3.7 Iron status 

At 3.5 years, children’s blood samples were collected at the Auckland Hospital Starship 

Children’s Research Centre.  Blood was analysed at the hospital laboratory for 

haemoglobin concentration and red blood cell distribution width (RDW).  

Assessing iron deficiency is difficult as there is not a single measure that can be used to 

diagnose iron status.  Defining normal ranges for iron measures is also problematic as 

reference ranges for iron status change with age.  Haemoglobin  (Hb) concentration is 

considered a measure of anaemia (Expert Scientific Working Group, 1985).  RDW is a 
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measure of iron in the red cell pool and elevated RDW indicates iron deficiency (C. 

Grant & Pitcher, 2006). 

At the 3.5 year phase children were categorized into two groups using their Hb 

information: those children whose Hb was 111g/L or less; and children whose Hb 

concentrations were higher than 111g/L.  Hb of 112g/L is used as the lower limit of 

normal cut-off values in the National Health and Nutrition Examination Survey 

(NHANES III) (Looker, Dallman, Carroll, Gunter, & Johnson, 1997).  Children were 

categorized into two groups using RDW; those children whose RDW readings were 14 

percent or less, and those whose readings were higher than 14 percent (Looker, 

Dallman, Carroll, Gunter, & Johnson, 1997). 

At 7 years mothers were given a laboratory form requesting measurement of children’s 

haemoglobin concentration, serum ferritin, serum iron, and total iron-binding capacity 

(TIBC).  Transferrin saturation was calculated at the diagnostic laboratories as the ratio 

of serum iron to TIBC.  Decreases in transferrin saturation indicate a moderate degree 

of iron deficiency (Expert Scientific Working Group, 1985).  Cut off values for 

haemoglobin for 7 year old children were defined as less than 118 g/L (NHANES III ) 

(Looker, Dallman, Carroll, Gunter, & Johnson, 1997).  Children were categorized into 

two groups using Hb: less than 118 g/L; and equal to or greater than 118g/L.  The 

recommended normal cut-off value for serum ferritin in 7 year old children is 12 ng/ml 

(Looker, Dallman, Carroll, Gunter, & Johnson, 1997).  In this study no child had a 

serum ferritin measure of less than 12 ng/ml.  Children were therefore categorized into 

those whose ferritin levels at 7 years were less than 20 ng/ml, 20-39 ng/ml, 40-59 

ng/ml, and equal to, or greater than, 60 ng/ml.  The normal cut-off value of 14 percent 

for transferrin saturation was used in this study (Looker, Dallman, Carroll, Gunter, & 

Johnson, 1997) and children were categorized into two groups; less than 14 percent, and 

equal to or greater than 14 percent. 

5.4.4 Dietary Factors 

5.4.4.1 Food Frequency Information 

Food frequency information was collected for the children at 3.5 years and 7 years.  An 

interviewer-administered semi-quantitative FFQ examining the frequency of 

consumption of a wide variety of commonly eaten foods was completed by mothers.  
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The FFQ had been previously validated against a four day weighed food record and 

against biochemical measures, and showed good short-term repeatability in infants aged 

6-24 months of age (Chua, 1999).  The FFQ was then adapted for 3.5 year old children 

or 7 year old children, and was comparable to the FFQ used in the New Zealand 2002 

National Children’s Nutrition Survey (Ministry of Health, 2003b).  The FFQ examined 

how often a child had eaten a certain food in the previous four-week period.  The 

response options were (i) Never; (ii) < once per month; (iii) 1-3 times per month; (iv) 1 

time per week; (v) 2-4 times per week; (vi) 5-6 times per week; (vii) once per day; and  

(viii) 2 or more times per day.  Data collection over a two-year period allowed for the 

seasonal variability in intake of food. 

Food frequency information on 88 individual foods or drinks was converted to times 

eaten per month and combined to create overall food groups (e.g. fruit).  In order to 

convert data on foods into groups, the mid-point of the frequency options was taken for 

options such as, 1-3 times per month, which was calculated as 2 times per month.  The 

percentages of children consuming the following food groups in line with MOH 

recommendations were calculated: fruit, vegetables, breads and cereals (including rice 

and pasta); meat, fish, chicken and eggs; and milk and dairy products.  For other food 

groups, the percentage of children eating from a food group daily or weekly was 

calculated.  This provided descriptive information on children’s dietary patterns at both 

3.5 years and 7 years.  The differences in food frequency between SGA and AGA 

children were assessed using χ2 statistics for 40 food variables at 3.5 years and 41 

variables at 7 years. 

As described above, most foods were examined in relation to their frequency of 

consumption (e.g. daily consumption).  Additional information was also available on 

the number of servings of fruit and the number of servings of vegetables that children 

consumed per day.  NZ Ministry of Health nutrition guidelines (Ministry of Health, 

1997) for children are mostly based on the number of servings of foods that children 

consume per day.  Serving size information was, however, not available for other food 

groups (e.g. milk and dairy products).  In this study the percentage of children 

consuming, or not consuming, the recommended number of servings of fruits and 

vegetables was calculated (Ministry of Health, 1997, 2002a).  Serving size examples 
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used in this study were comparable to serving sizes defined in the NZ Ministry of 

Health guidelines (e.g. 1 apple, ½ cup of stewed fruit) (Ministry of Health, 2002a). 

In order to examine the association between dietary patterns and intelligence, children’s 

IQ scores were then examined in relation to whether they ate major food groups in line 

with MOH recommendations.  Foods rich in nutrients that have been associated with 

cognitive functioning (e.g. iron, omega-3 fatty acids) were also examined in relation to 

children’s IQ scores.  Children were divided into groups based on either daily or weekly 

consumption of fish, “fatty” fish, margarine, butter, blended spread, and vitamin and/or 

mineral supplements.  Fatty fish included the consumption of canned tuna, dark fish 

(e.g. salmon, sardines) either fresh or tinned, tinned salmon or sardines in oil, but did 

not include seafood or fish fillets.  Blended spreads contain both margarine and butter.  

Children were also divided into those who ate red meat two or more times a week and 

those who did not. 

5.4.5 Confounders 

5.4.5.1 Body Mass Index 

Children’s height (cm) and weight (kg) information was collected at 3.5 years and 7 

years.  Standing height was measured using a stadiometer that was attached to the wall.  

At both phases height was measured three times and the average height was calculated.  

Body mass index (BMI) was calculated (kg/m2) for both 3.5 years and 7 years. 

Maternal height and weight information was collected at birth.  Mothers were asked 

how tall they were without shoes on.  Mothers were also asked how much they weighed 

prior to getting pregnant and if this was their usual weight.  If pre-pregnancy weight 

was not a mother’s usual weight, she was asked what her usual weight was.  Maternal 

BMI was then calculated. 

5.5 Outcome Variables 

5.5.1 Stanford Binet Intelligence Scale - Fourth Edition 

At 3.5 years the Stanford Binet Intelligence Scale - Fourth Edition (Stanford Binet) was 

used to measure  children’s intelligence (Thorndike, Hagen, & Sattler, 1986).  Previous 
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research at the ABC study has examined the determinants of intelligence at 3.5 years 

using the Stanford Binet (Slykerman, 2005; Slykerman, Thompson, Becroft et al., 2005; 

Slykerman, Thompson, Pryor et al., 2005).  This earlier research examined the 

association between intelligence scores at 3.5 years and explanatory variables including 

pregnancy, obstetric, socioeconomic and family factors.  This research did not, 

however, examine the relationship between dietary patterns at 3.5 years and intelligence 

at 3.5 years.  Intelligence scores measured at 3.5 years by the Stanford Binet were 

therefore used in this thesis to examine the association between early diet and IQ. 

The Stanford Binet was administered by one of eight trained examiners who were blind 

to whether children were born SGA or AGA.  IQ scores were available for 531 children 

(SGA=223, AGA=308) of the 550 NZ European mothers and children who participated 

at 3.5 years. 

The Stanford Binet is comprised of 15 subtests and the subtests are administered based 

on a child’s chronological age.  At 3.5 years, 8 of the 15 subtests were administered in 

accordance with this age group’s abilities.  The eight subtests were vocabulary, bead 

memory, quantitative, memory for sentences, pattern analysis, comprehension, 

absurdities, and copying.  A raw score was then calculated for each subtest, and raw 

scores were converted to the standardized age scores (SAS) provided in the test manual.  

SAS scores were also calculated for the four areas of cognitive ability: verbal reasoning; 

quantitative reasoning; abstract/visual reasoning; and short-term memory.  SAS scores 

from all four areas of cognitive ability were then combined and converted to an overall 

age standardized composite score, referred to in this thesis as Total IQ.  Authors of the 

Stanford Binet describe Total IQ as a measure of general reasoning ability or g.  This 

composite score is considered the most reliable measure of the Stanford Binet for 

preschool children (McCallum & Whitaker, 2000).  Therefore Total IQ is the outcome 

measure at 3.5 years used in this thesis. 

The test manual provides information on the test’s validity and reliability.  In relation to 

the test’s construct validity, the composite score in a non-standardization non-

exceptional sample was examined in relation to composite scores from other 

intelligence tests.  Strong correlations were found between the Stanford Binet and the 

Wechsler Intelligence Scale for Children – Revised (WISC-R) (r=0.83), the Wechsler 

Preschool and Primary Scale of Intelligence (WPPSI) (r=0.80), the Wechsler Adult 
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Intelligence Scale – Revised (WAIS-R) (r=0.91), and the Kaufman Assessment Battery 

for Children (K-ABC) (r=0.89).  Using the Kuder-Richardson Formula 20 (KR-20), the 

most reliable score obtained from the test was the composite score (r>0.96) in children 

three years of age and older.  Authors of the test do, however, caution that values 

obtained using the KR-20 method are likely to be inflated and are deemed to be the 

upper bound estimates of reliability.    A test-retest correlation of 0.91 was found for the 

composite score in 57 children aged approximately 5 years of age.  Most children were 

retested between 9 to 19 weeks of the first administration. 

Inter-rater reliability was examined in the ABC study at 3.5 years (Slykerman, 2005).  

Results showed no difference in inter-rater reliability for the composite score (Total IQ) 

between the original assessments and scoring of videotapes of the original assessments. 

5.5.2 Wechsler Intelligence Scale for Children – Third Edition 
(WISC-III) 

The Wechsler intelligence tests are the most widely used measures of children’s 

intelligence in the world.  David Wechsler developed the original intelligence scale, the 

Wechsler-Bellevue Intelligence Scale in 1939.  In 1946 Form II of the Wechsler 

Bellevue Intelligence Scale was released.  The Wechsler Intelligence Scale for Children 

(WISC) was created in 1949.   David Wechsler designed the subtests of the WISC to 

assess many different mental abilities that when added together measured children’s 

general intellectual ability.  The Wechsler Intelligence Scale for Children - Revised 

(WISC-R) was released in 1974.  The Wechsler Intelligence Scale for Children – Third 

Edition (WISC-III) was printed in 1991.  Data collection for the 7-year phase of the 

ABC study began in November 2002 and the WISC-III was administered to assess 

cognitive ability.  In 2003 the WISC-III was updated to the Wechsler Intelligence Scale 

for Children – Fourth Edition (WISC-IV). 

At the ABC study, the WISC-III was administered by one of three examiners who were 

blind to whether children were born SGA or AGA.  The WISC-III contains a battery of 

13 subtests that evaluate intellectual abilities in children aged 6 years through to 16 

years and 11 months (Wechsler, 1992).  At the 7-year phase, 11 subtests were 

administered from the WISC-III 1992 Australian Adaptation manual: 
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1. Picture Completion – a child is shown a picture and asked what important part is 

missing (Performance).  

2. Information – a child is asked a general knowledge question regarding common 

events, objects, places and people (Verbal). 

3. Coding – a child is given a code of shapes with simple symbols inside and asked 

to draw symbols into corresponding empty shapes (Performance). 

4. Similarities – a child is asked to orally explain the similarity between two words 

(e.g. red and blue) (Verbal). 

5. Picture Arrangement – a child is asked to arrange a set of pictures into a logical 

story sequence (Performance). 

6. Arithmetic – a child is asked to mentally solve a number of mathematical 

questions and give an oral response (Verbal). 

7. Block Design – a child is asked to copy a pattern using red and white blocks 

(Performance). 

8. Vocabulary – a child is asked to define a word (e.g. what is a clock?) (Verbal) 

9. Object Assembly – a child is asked to assemble a number of puzzles 

(Performance) 

10. Comprehension – a child is asked a number of questions about everyday 

problems to examine their understanding of social concepts or rules (Verbal) 

11. Digit Span – (supplementary test) a child is asked to repeat number sequences 

either forward or in the reverse order (Verbal). 

Two further supplementary subtests, Symbol Search and Mazes were not administered.  

The starting points for subtests are age-dependent except for the Similarities, Object 

Assembly, Comprehension and Digit Span subtests.  All Performance subtests and one 

verbal subtest (Arithmetic) are timed using a stopwatch.  Five of the subtests 

administered at the ABC study were Performance subtests and six were Verbal subtests.  

The Performance Scale measures nonverbal problem solving, perceptual organization, 

speed, and visual-motor proficiency.  The Verbal Scale measures language expression, 

listening, comprehension and the ability to apply these skills to solving problems.  All 

five performance subtests were combined to create a Performance IQ score (PIQ).  Five 

of the verbal subtests (not including Digit Span) were combined to create a Verbal IQ 

score (VIQ).  If only four verbal subtests were administered, Digit Span was included to 

create an overall VIQ score.  In cases where fewer than five verbal (not including Digit 
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Span) or five performance subtests were administered, scores were prorated (by 

multiplying the sum of four scaled scores by 1.25) to obtain VIQ or PIQ scores.  VIQ 

and PIQ scores were then combined to create a Full-Scale IQ Score (FSIQ). 

The WISC-III also allows for the calculation of four factor-based index scores: Verbal 

Comprehension (VCI); Perceptual Organisation (POI); Freedom from Distractibility 

(FDI), and Processing Speed (PSI).  These index scores, in particular VCI and POI, 

were generated and have been validated by various factor analytic studies of the WISC 

and WISC-R (e.g. Dean, 1980; Groff & Hubble, 1982; Juliano, Haddad, & Carroll, 

1988; Kaufman, 1975).  VCI is made up of four verbal subtests, excluding Arithmetic.  

POI is made up of four performance subtests, excluding Coding.  FD is made up of the 

Arithmetic and the supplementary Digit Span subtest.  Symbol Search was not 

administered at the ABC study therefore the PSI could not be calculated.  There has 

been much debate about the interpretation of the FD, and it is considered to be more of 

a behavioural measure than a cognitive measure (Kaufman, 1994).  The FD index was 

therefore not used in this thesis as a cognitive outcome measure.   The VCI and POI are 

comprised of all but one of the subtests used to calculate VIQ and PIQ scores 

respectively.    Kaufman (1994) argued that the similarities between the indexes and IQ 

scores provide evidence of construct validity for VIQ and PIQ scores and that these 

scores represent separate and meaningful measures of mental ability (Kaufman, 1990).  

VIQ and PIQ scores are also considered to be slightly more reliable measures than VCI 

and POI indexes (Kaufman, 1994).  For these reasons VIQ, PIQ and FSIQ were the 

three main outcome measures of cognitive ability at 7 years in this thesis.      

5.5.3 Validity of the Wechsler Intelligence Scales for Children 

A valid test is one that measures what it purports to measure.  The test manual provides 

information on the internal validity, construct validity and predictive validity of the 

WISC-III and its predecessor the WISC-R. 

Data presented in the manual show that verbal subtests generally correlate well with 

each other as do performance subtests providing evidence for convergent validity.  

Furthermore verbal subtests correlate less well with performance subtests providing 

evidence of discriminant validity. 



 127

As described previously, factor analytic studies of the Wechsler scales for children have 

found four main factors (VCI, POI, FD and PSI).  Results from confirmatory and 

exploratory factor analyses performed on the standardization data of the WISC-III 

support these previous findings.  In particular, analyses showed that VCI and POI in the 

WISC-III contained identical subtests to the VCI and the POI in the WISC-R.  Studies 

of three further groups of children (clinical, high-ability and low-ability) confirmed that 

the four-factor model was generalisable to groups of special children.  These analyses 

also supported the use of the Full-Scale IQ score by confirming the presence of the g 

factor.  This is consistent with previous WISC studies that have found the FSIQ to be 

the best measure of general cognitive ability (Blaha & Wallbrown, 1984; Kaufman, 

1975). 

The test manual also provides information from comparison studies between the WISC-

III and other intelligence scales.   Good correlations were found between the FSIQ score 

of the WISC-III and composite scores of the Wechsler Intelligence Scale for Children – 

Revised (WISC-R) (r=0.89); the Wechsler Preschool and Primary Scale of Intelligence - 

Revised (WPPSI-R) (r=0.85); the Wechsler Adult Intelligence Scale – Revised (WAIS-

R) (r=0.86); the Otis-Lennon School Ability Test (OLSAT) (r=0.73); and the 

Differential Ability Scales (DAS) (r=0.92).  Results from these studies were similar 

when comparisons were made between VIQ scores and measures of verbal ability.  The 

relationship between PIQ and scores of performance or non-verbal ability were slightly 

lower, ranging from 0.59 (OLSAT Nonverbal School Ability Index) to 0.82 (DAS 

Spatial Ability score).  Good correlations were also found between the FSIQ and 

achievement test scores (e.g. the California Achievement Test) in particular Total 

Achievement (r=0.74). VIQ was also strongly correlated with Reading Achievement 

scores (r=0.70).  Finally the WISC-III was compared with school grades in a sample of 

617 children in the United States.  Moderate correlations were found between IQ scores 

and the estimated grade point average (FSIQ=0.47, VIQ=0.42, PIQ=0.39).  Results 

presented in the manual for special groups of children (e.g. gifted children) also provide 

support for the use of the WISC-III in diagnostic assessment.     

As discussed in a previous chapter reviewing intelligence theories, IQ is considered a 

good predictor of achievement.  The correlation between IQ and school grades is 

approximately 0.50, and between IQ and years of education is 0.55 (Neisser et al., 



 128

1996).  Sattler (1974) reviewed 19 studies of the WISC in relation to measures of 

achievement.  He found correlations between measures of achievement and FSIQ 

ranged from 0.14 to 0.81, with a median correlation of 0.61.  Based on these findings, 

Sattler argued that the WISC was usefully associated with academic achievement scores 

in a range of children.  Few studies have examined the predictive validity of the WISC-

III.  Glutting and colleagues (Glutting, Youngstrom, Ward, Ward, & Hale, 1997; 

Watkins & Glutting, 2000) examined the relationship between the WISC-III and the 

Wechsler Individual Achievement Test (WIAT).  They found that global measures of 

intelligence, in particular FSIQ, were the best predictors of achievement.     

In conclusion, validation studies provide strong support for the use of the WISC-III to 

assess children’s intellectual ability.  Predictive validity studies also show that IQ, in 

particular FSIQ and VIQ, are good predictors of achievement. 

5.5.4 WISC-III Test Reliability 

The WISC-III is considered to be one of the most reliable tests of children’s intellectual 

functioning.  The test manual provides extensive reliability information on the WISC-III 

including, reliability coefficients, standard errors of measurement, confidence intervals 

of test scores, and test-retest results.  Reliability information is provided below for the 

7-year old children in the standardization sample. 

Reliability coefficients were calculated using the standardization sample of the WISC-

III for subsets using the split half method, except for the Coding subtest where stability 

coefficients were calculated.  Reliability coefficients for IQ scales were then calculated 

from the subtests and were high for Verbal IQ (r=0.92), Performance IQ (r=0.90) and 

Full Scale IQ (r=0.94). 

The standard error of the FSIQ score was 3.20 in the total standardization sample (3.67 

for the 7-year old children).  Based on these results, theoretically a child’s obtained 

FSIQ score is unlikely to differ from their “true score” by more than 6.40 points, 95 

percent of the time.  The standard error for VIQ was 4.24 for 7-year old children and 

4.74 for PIQ. 

Retest coefficients were calculated using a sample of 353 children selected from the 

standardization group who were tested and retested between 12 to 63 days later 
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(mean=23 days).  An increase of 7 points on FSIQ was found in children aged between 

6 and 7 years (r=0.90; corrected r=0.92).  Uncorrected and corrected stability 

coefficients were calculated.   Corrected coefficients allowed for the variability of the 

standardization sample in order to calculate accurate estimates of score stability in the 

overall population.  Children in this age group showed an increase of 11.5 points in 

PIQ.  This increase was larger than for VIQ (1.7 points). 

Reliability information provided in the test manual indicates that the WISC-III provides 

a reliable measurement of children’s intellectual functioning.   Test-retest results do 

however suggest that practice effects over a short period of time may increase IQ 

scores, in particular PIQ.  Longer intervals between testing and retesting are therefore 

necessary to reduce practice effects (Juliano, Haddad, & Carroll, 1988).    

5.5.4.1 Previous Research on Inter-rater Agreement of the Wechsler Intelligence 
Scales for Children 

Scoring accuracy is very important for assessing children’s performance on IQ tests.  In 

large studies there are often multiple examiners administering tests, therefore 

consistency and good inter-rater agreement is important to reduce measurement error. 

Early studies of the WISC found that verbal subtests, such as Comprehension and 

Vocabulary, had the lowest levels of inter-rater agreement (Miller, Chansky, & Gredler, 

1970; Plumb & Charles, 1955).  Improvements were made to the WISC-R scoring 

criteria, including the ability to query ambiguous verbal responses.  However, while one 

study (Brannigan, Calnen, Loprete, & Rosenberg, 1976) found improvements in inter-

rater agreement on the verbal subtests of the WISC-R, another study (Cuenot & Darbes, 

1982) found no significant differences in agreement between the WISC and WISC-R.  

These early studies suggested a need for further clarification of scoring criteria.  A new 

feature of the WISC-III was the inclusion of visible detailed sample responses for verbal 

subtests, to enable an examiner to make quicker judgments on whether to query an item 

and how to score a response.  However, a recent study of the WISC-III found that the 

verbal subtests, Comprehension and Vocabulary, still showed the highest levels of inter-

rater disagreement (Van Noord & Prevatt, 2002). 

Examiner error is one type of measurement error that is likely to affect inter-scorer 

reliability.  General errors in administering the WISC-III include incorrect addition of 
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subtests, reporting IQ scores incorrectly, failure to record responses verbatim and failure 

to query responses (Alfonso, Johnson, Patinella, & Rader, 1998).  One study found that 

these errors occur regardless of interviewer experience or whether the tests were real or 

fabricated (Alfonso, Johnson, Patinella, & Rader, 1998). 

5.5.4.2 The Assessment of Inter-rater Agreement at 7 Years in the ABC Study 

Inter-rater agreement at 7 years at the ABC study was examined in two ways.  Firstly, 

the mean scores of each of the three examiners were compared to the total mean score 

using regression analysis to determine if an examiner’s scores were significantly 

different to the overall group mean. 

Secondly, 24 assessments were videotaped during the original interviews.  These 

assessments were then re-scored by a second examiner and VIQ, PIQ and FSIQ scores 

were obtained.  At the time of videotaping, cameras were set up beside the child, as 

close as possible to the table where the tasks were being performed.  The Picture 

Arrangement subtest could not be scored consistently using the videotaped assessments 

because the detailed pictures could not be seen accurately.  Therefore in this inter-rater 

study, PIQ and FSIQ scores were prorated for both the original and the videotaped 

assessments.  Scores were then compared using the Bland Altman method to assess 

inter-rater agreement (Bland & Altman, 1986).  This method assesses agreement 

between two methods of measurement, in this case two examiners.  The Bland Altman 

method calculates the mean difference between two measurements (the bias) and the 

standard deviation of the differences.  The limits of agreement are between two standard 

deviations of the mean where 95 percent of differences between two measurements fall.  

This technique allows for the plotting of differences against the mean and for a visual 

investigation of the pattern of results.  The Bland Altman method is preferable to the 

intraclass correlation coefficient because it separates systematic error from random error 

and is not dependent on the range of the sample (Bland & Altman, 1990). 

5.5.4.3 Inter-rater Agreement Results for the 7 Year Phase of the ABC Study 

The majority of the children at 7 years were assessed by one of two examiners (RT and 

CB) (n=565).  A third examiner completed 24 assessments (KR).  All three examiners 

were trained and supervised by the study psychologist. 
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Results from three regression analyses found no association between the examiners of 

the WISC-III and IQ scores at 7 years (Table 9). 

Results from the Bland Altman test are shown in Table 10 for the two main examiners 

at 7 years.  There was no difference in FSIQ between the original assessment and the 

video taped assessment (difference=-0.63) (Figure 1).  Agreement was also good for 

PIQ between the two examiners (difference=0.46) (Figure 2).  The mean difference 

(bias) for VIQ was larger than for PIQ and FSIQ (difference=-1.13) (Figure 3).  Bland 

Altman plots for FSIQ (Figure 1), PIQ (Figure 2) and VIQ (Figure 3) show even scatter 

of difference across the mean scores, indicating that the two rater’s scores do not appear 

to be different for lower IQ scores versus higher IQ scores.  The majority of differences 

between examiners for all three IQ measures fall within the limits of agreement.  For 

VIQ there were, however, two outlying points where scores between examiners differed 

by 5 IQ points and 9 IQ points.    

5.5.4.4 Conclusions on Inter-rater Agreement at the 7 Year Phase of the ABC 
Study 

Examiners of the WISC-III at the 7 year phase of the study did not differ significantly in 

the way that children were assessed.  Previous research at the ABC study found a 

significant association between examiner and intelligence test performance at 3.5 years 

(Slykerman, 2005), however, only two of the eight examiners scored significantly 

differently from the mean.  Analyses using Stanford Binet data at 3.5 years controlled 

for the examiner at 3.5 years.  For consistency purposes, examiner at 7 years was also 

controlled for in the main multivariable model at 7 years. 

Good inter-rater agreement at 7 years was found between the two main WISC-III 

examiners for both FSIQ and PIQ scores.  The mean difference between examiners’ 

scores was larger for VIQ.  This finding is consistent with earlier WISC studies that 

have found higher disagreement between examiners on verbal measures.  In particular 

there were two outlying cases where differences in examiners scores were large.  

However, the majority of scores fell within the limits of agreement and the mean 

difference was only 1 point, similar to previous findings on the WISC-III (Van Noord & 

Prevatt, 2002). 
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As described previously, inter-rater agreement was assessed in two ways.  In order to 

reduce the number of examiner errors in this study, all WISC-III forms were also 

checked for correct addition of subtest scores, accurate use of tables converting raw 

scores to scaled scores and correct calculation of IQ scores. 

In conclusion, our results are consistent with earlier studies examining inter rater 

agreement of the WISC-III and previous WISC versions.  These results suggest that the 

WISC-III is a reliable measure of children’s intelligence. 

5.6 Statistical Analyses 

This section describes the statistical analyses performed in this thesis.  Firstly, the issue 

of weighting is described in relation to the total sample of children.  Study restrictions 

are then discussed.  Finally specific statistical analyses used in this study are described. 

5.6.1 Study Sample  

5.6.1.1 Weighting 

The design of the ABC study enables analyses to be undertaken on the total sample 

utilizing weighting to account for the disproportionate sampling of SGA children.  

During the recruitment phase, SGA children were over sampled to make up 

approximately 50 percent of the sample.  SGA births would normally (by definition) 

make up 10 percent of the total population.  Therefore, more mathematical weight was 

placed on data from the AGA children versus the SGA children.  Weighting allows for 

results to be interpreted with relevance to the total population of NZ European children. 

In this thesis analyses utilising weighting were carried out using proc surveyfreq and 

proc surveyreg in SAS v9.1. 

The large number of SGA children in the ABC study allows for analyses to be 

undertaken examining factors related to intelligence in babies who were born small.  

Analyses on the SGA group of children alone, or in direct comparison with AGA 

children, do not utilize weighting. 
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5.6.1.2 Study Restrictions 

As described previously, analyses presented were restricted to NZ European mothers 

and children. 

5.6.2 Statistical Analyses 

5.6.2.1 Non-response at 7 Years 

In order to examine whether there were differences between responders and non-

responders at 7 years, odds ratios were calculated to estimate the relative risk of non-

response at this phase.  In these analyses an odds ratio of more than 1.0 indicates an 

increased risk of a group not responding at 7 years and an odds ratio of less than 1.0 

indicates a decreased risk. 

5.6.2.2 Statistical Analyses of Intelligence Scores 

In this thesis, a number of explanatory variables were examined in relation to children’s 

intelligence.  These explanatory variables were chosen based on literature that 

suggested their association with measures of cognitive ability.  The majority of 

explanatory (i.e. predictor) variables in this study were collected or analysed as 

categorical variables.  In the results section, the percentage and number of children in 

each category are presented.  For the total sample where analyses utilized weighting, the 

percentage of children in independent variable categories was weighted and these 

adjusted figures are presented. 

Childhood IQ measured at 3.5 years and childhood IQ measured at 7 years were the 

main outcome (i.e. criterion) variables.  At 3.5 years, total IQ was used as the main 

outcome measure.  At 7 years, FSIQ, VIQ and PIQ were used as the main outcome 

measures.  A comparison between SGA and AGA children was performed using an 

independent t-test to compare the distribution of FSIQ, VIQ and PIQ.  Multiple 

regression analysis was then performed to compare FSIQ, VIQ and PIQ scores for SGA 

and AGA children while controlling for potential confounders.  Simple and multiple 

linear regressions were used to estimate the associations between explanatory variables 

and childhood IQ.  For these analyses, estimates denoting the difference in mean IQ 

scores based on independent variable categories are presented with accompanying 95% 

confidence intervals (95% CI).  These estimates are parameter estimates, also known as 
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unstandardised regression coefficients, slopes or beta weights.  Regression results for 

the total sample are presented with adjusted values.  In regression analyses, the 

reference group was chosen (where appropriate) as the hypothesized lowest risk group. 

5.6.2.3 Multivariable Models 

Due to the large number of explanatory variables and the longitudinal nature of the 

ABC study, an analysis plan was developed to examine which factors were significantly 

associated with intelligence after controlling for potential confounders.  In order to 

control for potential confounders a main multivariable model was created.  This 

multivariable model was used for FSIQ, VIQ and PIQ in both the total sample and the 

SGA group.  A number of issues were taken into account in the development of the 

multivariable model used for the 7 year intelligence data.  Firstly, variables were 

included in the model if based on previous research there was an a priori reason for their 

inclusion, or they were considered to be potential confounders.  The second issue was 

multicollinearity, particularly for factors, such as parental occupation, where 

information had been collected at a number of phases.  In these cases, data from 

different phases was analysed together in relation to general intelligence.  For example, 

parental occupation at birth and parental occupation at 7 years were examined together 

in relation to FSIQ in the total sample.  The measure of parental occupation that 

remained the best predictor of intelligence was then added to the main multivariable 

model.  The third issue was the number of subjects retained in the final model, in order 

to make the results as generalisable as possible to the study population.  The 

longitudinal nature of the ABC study meant that certain participants took part at some 

data collection phases, but not others.  Therefore factors that had a substantial amount 

of missing data were not included in the main model.  Finally, consideration was given 

to the amount of variance in FSIQ that the model accounted for in both the total sample 

and the SGA group. 

For the 3.5 year analyses, an explanatory variable that showed evidence of an 

association (p<0.10) with total IQ in univariate analysis, was then entered into the 

multivariable model.  Analyses examining the relationship between dietary patterns and 

total IQ at 3.5 years adjusted for gestation, parity, gender, maternal school leaving age, 

parental occupation at birth, maternal marital status at birth, maternal BMI, children’s 

BMI, and Stanford Binet Examiner.  This main multivariable model was used as it had 



 135

been created and used in previous published ABC study research (Slykerman, 

Thompson, Becroft et al., 2005; Slykerman, Thompson, Pryor et al., 2005).  An overall 

p-value of <0.05 was considered as evidence of a statistically significant association in 

multivariable analyses.      

As described previously, a main multivariable model was created for examining the 

association between explanatory variables and IQ scores at 7 years.  This model 

adjusted for gender, gestation, maternal smoking during pregnancy, maternal age, 

maternal marital status at 7 years, birth order at 7 years, parental occupation at 7 years, 

parental education at birth and the WISC-III examiner.  Once again, an independent 

variable that showed evidence of significant association (p<0.10) with IQ measures at 7 

years in univariate analysis, was entered into the multivariable model.  Evidence of a 

statistically significant association in multivariable analysis was found for overall p-

values of <0.05.  This multivariable model was used for analyses on all three IQ 

measures for both the total sample and the SGA group.  For dietary patterns analyses, 

children’s current BMI and maternal BMI were also added to the main multivariable 

model as potential confounders.  For breastfeeding analyses, pacifier use at 1 year was 

added to the main multivariable model, as pacifier use was previously shown to be 

associated with shorter durations of breastfeeding (Slykerman, Thompson, Becroft et 

al., 2005). 

5.6.2.4 Interaction Analyses 

Interaction analyses were performed for potential interactions between birthweight 

(SGA, AGA) group and explanatory variables.  These analyses were undertaken when a 

significant association was found in multivariable analyses in either the total sample or 

the SGA group.  Interactions were carried out using proc GLM in SAS v9.1 and an 

overall p-value of <0.05 was considered as evidence of a statistically significant 

association in multivariable analyses. 
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6  Results 

This chapter firstly begins by describing the families that participated in the 7-year 

phase of the ABC study.  Secondly, the descriptive statistics for the intelligence scores 

are presented.  Thirdly, results of analyses examining the association between SGA and 

AGA status and intelligence scores are described.  Finally, the results from regression 

analyses examining the association between explanatory variables and children’s 

intelligence scores are presented.  Results for the total sample are presented first, 

followed by results for the SGA group of children. 

6.1 Participants at 7 Years 

At the 7-year phase of the ABC study, 591 children and parents participated.  Of these 

children, one child’s information was excluded due to missing records at birth. 

Mothers who did not attend the 7-year phase of the study were more likely than mothers 

who did attend to have smoked during pregnancy, had a baby born SGA, had lower 

social support during pregnancy, had lower school leaving ages, lower socioeconomic 

status (at birth), to be in single or de facto relationships (at birth of child) and to be 

younger when the child was born (Table 11).   Respondents and non-respondents did 

not differ in relation to maternal stress during pregnancy, the gender of the child, 

gestational age, father’s school leaving age, parity or delivery method. 

6.2 Descriptive Intelligence Results 

A total of 591 WISC-III assessments were performed.  As discussed in the previous 

section, one assessment was excluded from all analyses.  One further child did not 

complete the test due to an inability to understand the instructions and therefore to 

complete the tasks.  At the time of the study this child was participating in special 

education classes.  As such, 589 (SGA=241, AGA=348) completed WISC-III tests were 

available for analysis.  The weighted mean FSIQ score for the total sample was 110.1 

(SE=0.72).  Mean weighted VIQ score was 110.9 (SE=0.75) and the mean weighted 

PIQ score was 107.6 (SE=0.76). 
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6.3 AGA and SGA Results 

In order to check the assumptions of regression analyses (e.g. normality), it was not 

possible to weight for these analyses in the total sample.  Therefore results from these 

analyses are presented separately for AGA and SGA children in the next section 

(Figures 4, 5, 6). 

6.3.1 AGA Descriptive Results 

For AGA children the mean FSIQ was 110.7 (SD=13.6).  FSIQ was not normally 

distributed for the AGA group using the stringent Kolmogorov-Smirnov test for 

normality (K-S=0.05, p=0.02), with a skewness of -0.31 and kurtosis of 0.34 (SE=0.73).  

However, the data were deemed acceptable for parametric testing because although the 

K-S was significant, the kurtosis and skewness values were not two times greater than 

their standard error.  The median score was 112.0 and scores ranged from 64 to 146. 

The mean Verbal IQ score for the AGA group was 111.4 (SD=14.0).  The median score 

was 111.4 and scores ranged from 63 to 148.  VIQ was normally distributed (K-S=0.04, 

p=0.09) with a skewness of -0.13 and kurtosis of 0.05 (SE=0.75). 

The mean Performance IQ score for the AGA group was 108.1 (SD=14.4).  PIQ was 

normally distributed (K-S=0.04, p=0.09) with a skewness of -0.10 and kurtosis of 0.01 

(SE=0.77).  PIQ scores ranged from 68 to 152, with a median score of 108.1. 

 In the AGA group, FSIQ was strongly related to VIQ (r=0.89) and PIQ (r=0.86).  A 

moderate correlation was found between VIQ and PIQ (r=0.54).  A moderate 

correlation was found between total IQ at 3.5 years and FSIQ at 7 years in the AGA 

group (r=0.59).  Most AGA children’s FSIQ scores at 7 years (81%) did not differ more 

than 15 points from their total IQ score at 3.5 years.  

6.3.2 SGA Descriptive Results 

The mean FSIQ for the SGA children was 108.6 (SD=13.0).  FSIQ was normally 

distributed for the SGA group (K-S=0.05, p=0.08) with a skewness of 0.16 and kurtosis 

of -0.18 (SE=0.84).  The median score was 107.0 and scores ranged from 76 to 141. 



 138

The mean Verbal IQ score for the SGA group was 108.9 (SD=13.9).  The median score 

was 108.9 and scores ranged from 70 to 151.  VIQ was normally distributed (K-S=0.05, 

p=0.09) with a skewness of 0.10 and kurtosis of 0.02 (SE=0.75). 

The mean Performance IQ score for the SGA group was 107.2 (SD=13.6).  PIQ was not 

normally distributed for the SGA group using the stringent Kolmogorov-Smirnov test 

for normality (K-S=0.06, p=0.03), with a skewness of 0.13 and kurtosis of 0.03 

(SE=0.87).  Similar to FSIQ scores for the AGA group, PIQ for the SGA group was 

deemed acceptable because the kurtosis and skewness values were not two times greater 

than their standard error.  PIQ scores ranged from 68 to 146, with a median score of 

107. 

Similar to the AGA group, SGA children’s FSIQ scores were strongly related to VIQ 

(r=0.88) and PIQ (r=0.84).  A moderate correlation was found between VIQ and PIQ 

(r=0.48).  A moderate correlation was found between total IQ at 3.5 years and FSIQ at 7 

years in the SGA group (r=0.51).  The majority of SGA children’s FSIQ scores at 7 

years did not differ more than 15 points from total IQ scores at 3.5 years (76%). 

6.3.3 AGA versus SGA 

As described previously, the mean FSIQ at 7 years of age was 108.6 (SD=13.0) for 

SGA children and 110.7 (SD=13.6) for AGA children (Figure 4).  There was evidence 

of a marginally significant difference in FSIQ between SGA & AGA children (t(586)= -

1.67, p=0.07).  No association was found, however, after adjustment for gender, 

gestation, SES and family factors (p=0.70). 

The mean VIQ score for SGA children (108.9, SD=13.9) and AGA children (111.5, 

SD= 14.0) (Figure 5) was significantly different (t(586)=-2.06, p=0.03).  SGA children 

had significantly lower VIQ scores compared with AGA children.  There was no 

association found, however, in the multivariable model (p=0.24). 

The mean PIQ score for SGA children was 107.2 (SD=13.6) and for AGA children was 

108.1 (SD=14.4) (Figure 6).  There was no significant difference between the mean PIQ 

scores for SGA and AGA children (t(586)=-0.73, p=0.42). 
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6.4 Total Sample Results 

In the following sections the results of analyses examining the association between 

explanatory variables and children’s IQ are presented for the total sample.  In each 

section the results are presented first for FSIQ results.  Results are then presented for 

VIQ and PIQ scores.  As described previously, VIQ and PIQ are considered to be 

separate and meaningful measures of cognitive ability.  Therefore these measures of 

verbal and performance ability warrant individual examination in relation to the 

explanatory variables collected in this study.  The number of children in each 

explanatory grouping is also presented.  Analyses in this section utilize weighting to 

account for the disproportionate number of SGA children in this sample.  Results are 

presented for both univariate and multivariable analyses.  As described previously, an 

independent variable that showed evidence of a significant association (p<0.10) with IQ 

measures was entered into the multivariable model.  This model adjusted for gender, 

gestation, maternal smoking during pregnancy, maternal age, maternal marital status at 

7 years, birth order at 7 years, parental occupation at 7 years, parental education at birth 

and the WISC-III examiner.  For the total sample, this main multivariable model 

accounted for 17 percent of the variance in FSIQ.   

6.4.1 Pregnancy and Obstetric Factors 

6.4.1.1 Maternal Age  

Eight percent of mothers seen at the 7 year follow-up were aged 24 years or younger 

when the study child was born (Table 12).  Maternal age was significantly associated 

with FSIQ (p=0.05).  In univariate analyses both children of mothers who were less than 

24 years and those who were 25 to 29 years, showed decreased FSIQ scores (-5.56 and -

4.01 respectively) compared to children born to mothers who were aged 30 to 34 years.  

This association, however, was no longer significant when multiple regression analysis 

controlled for confounding variables (p=0.83). 

Similar to FSIQ, maternal age was also significantly associated to VIQ (Table 13).  This 

association was no longer significant, however, in multivariable analysis (p=0.72).  

Maternal age was not significantly associated with children’s PIQ (Table 14). 
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Further multivariable analyses examining the effect of maternal age as a continuous 

variable found no significant associations between maternal age and IQ measures in the 

total sample.  

6.4.1.2 Maternal Pregnancy Hypertension 

Eight of the mothers (1%) who attended the 7-year phase had pre-existing hypertension 

during pregnancy.  Thirty six mothers (4%) had pregnancy induced hypertension (Table 

12). 

Maternal hypertension was significantly associated with FSIQ at 7 years (Table 12).  

This association was highly significant in multivariable analysis, controlling for 

potential confounders (p=0.002).  Children of mothers who had pre-existing 

hypertension during pregnancy had significantly lower FSIQ scores than children of 

mothers who did not have any hypertension during pregnancy, with a difference of 

18.27 IQ points (95% CI: -28.53, -8.03). 

Maternal hypertension in pregnancy was not associated with verbal intelligence scores 

at 7 years (Table 13).  Maternal hypertension during pregnancy was significantly 

associated with PIQ scores at 7 years (Table 14).  This association remained highly 

significant after controlling for gender, gestation, family and SES factors (p<0.001).  

Children whose mothers had pre-existing hypertension during pregnancy had 

significantly lower performance IQ (-20.96 points; 95% CI: -28.72, -13.20) than 

children whose mothers did not have hypertension during pregnancy. 

Due to the large effect sizes found between hypertension groups and the small number 

of children (n=8) whose mothers had pre-existing hypertension, all 7 year assessments 

were reviewed for this high risk group.  One child born AGA who had a FSIQ score of 

69 (VIQ=65, PIQ=77) had been noted as being extremely shy by the WISC-III 

examiner.  An analysis removing this child’s information showed that children of 

mothers who had pre-existing hypertension during pregnancy still had significantly 

lower FSIQ scores and PIQ scores than children of mothers who did not (-11.07 point 

and -20.26 IQ points, respectively). 
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6.4.1.3 Maternal Iron Treatment, Anaemia, and Haemoglobin in Pregnancy  

Iron Supplementation 

Almost half of the mothers in the study (45%) took iron supplements during pregnancy.  

Taking iron supplements during pregnancy was not associated with FSIQ (Table 15), 

VIQ (Table 16), or PIQ (Table 17). 

Anaemia Medication 

Nineteen percent of mothers took anaemia medication during pregnancy.  Taking 

anaemia medication was not associated with FSIQ (Table 15), VIQ (Table 16), or PIQ 

scores at 7 years (Table 17). 

Lowest Pregnancy Haemoglobin Level 

Lowest pregnancy haemoglobin level was not associated with FSIQ at 7 years (Table 

15).  Lowest pregnancy haemoglobin level was significantly associated with Verbal IQ 

(Table 16), and this association remained significant in multivariable analysis 

(p<0.001).  Children of mothers whose lowest haemoglobin level in pregnancy was 

below 110g/L had significantly lower VIQ scores than children of mothers whose 

lowest pregnancy haemoglobin level was equal to, or greater than, 110 g/L (-12.10 IQ 

points; 95%CI: -17.20, -7.00).  PIQ scores were not associated with lowest pregnancy 

haemoglobin level (Table 17).    

6.4.1.4 Maternal Smoking during Pregnancy 

Fourteen percent of mothers in the total sample smoked during pregnancy.  Smoking 

during pregnancy was negatively associated with FSIQ at 7 years in the total sample 

(p=0.09) (Table 18), however, this association was no longer significant in the adjusted 

analysis. 

Similarly, children of mothers who smoked during pregnancy had lower VIQ scores at 7 

years however, this association was no longer significant after adjustment for potential 

confounders (Table 19).  Maternal smoking during pregnancy was not associated with 

PIQ scores in the total sample of children (Table 20). 
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6.4.1.5 Maternal Marijuana Use in Pregnancy 

Only 33 mothers (3%) smoked marijuana during pregnancy.  Smoking marijuana during 

pregnancy was not associated with children’s FSIQ scores at 7 years (Table 18).  

Smoking marijuana in pregnancy was also not associated with VIQ (Table 19) or PIQ 

(Table 20) at 7 years. 

6.4.1.6 Maternal Alcohol Intake in Pregnancy  

Alcohol in the First Month of Pregnancy 

In the total sample, 53 percent of mothers drank alcohol in the first month of pregnancy.  

Drinking any alcohol during the first month of pregnancy was not significantly 

associated with FSIQ scores at 7 years in the total sample (Table 21).  It was, however, 

associated with verbal intelligence scores (Table 22).  After controlling for confounders, 

drinking any alcohol in the first month of pregnancy was associated with significantly 

higher VIQ scores (p=0.04).  Children of mothers who drank alcohol during the first 

month of pregnancy had higher VIQ scores at 7 years compared with children of 

mothers who did not drink any alcohol, with a difference of 3.17 points (95% CI: 0.09, 

6.21).  Drinking any alcohol during the first month of pregnancy was not associated 

with PIQ scores (Table 23). 

Drinking more than seven drinks per week during the first month of pregnancy was 

marginally associated with FSIQ scores at 7 years (p=0.08) (Table 21).  This association 

was no longer significant, however, in multivariable analysis (p=0.18).  Drinking more 

than seven drinks per week was also significantly associated with verbal intelligence 

scores (Table 22).  Children of mothers who drank more than seven units of alcohol in 

the first month of pregnancy had significantly higher FSIQ scores than children of 

mothers who did not drink at this level.   After controlling for gender, gestation, family 

and SES factors this association was no longer found at a 0.05 level of significance 

(p=0.07).  Performance IQ was not associated with drinking more than seven times per 

week during the first month of pregnancy (Table 23). 

Nineteen mothers (3%) drank more than 14 drinks per week in the first month of 

pregnancy.  Drinking more than 14 alcoholic drinks per week in the first month of 

pregnancy was not associated with children’s FSIQ at 7 years (Table 21).  Nor was it 

associated with VIQ (Table 22) or PIQ scores (Table 23). 
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Alcohol in the Last Month of Pregnancy 

In the last month of pregnancy, 40 percent of mothers drank alcohol.  Drinking any 

alcohol during the last month of pregnancy was associated with children’s FSIQ at 7 

years (p=0.05) (Table 21), however, no association was found after controlling for 

potential confounders (p=0.17).  Drinking alcohol in the last month of pregnancy was 

associated with children’s verbal intelligence at 7 years (Table 22).  A significant 

association remained after controlling for potential confounding factors (p= 0.05).  

Children of mothers who drank any alcohol in the last month of pregnancy had 

significantly higher VIQ scores at 7 years than children of mothers who did not drink 

any alcohol, with a difference of 2.96 IQ points (95% CI: 0.00, 5.92).  Drinking alcohol 

in the last month of pregnancy and children’s PIQ scores at 7 years were not associated 

(Table 23). 

In this study, no mother drank more than seven alcoholic drinks per week in the last 

month of pregnancy; therefore, maternal alcohol information could not be categorized 

into those drinking more than seven drinks or more than 14 drinks in the last month of 

pregnancy. 

Binge Drinking 

Eight percent of mothers (n=61) drank five or more drinks at one time during 

pregnancy.  Information on the month of pregnancy when the binge drinking took place 

was available for 59 of these mothers of whom: 54 percent (n=32) binged during the 

first month of pregnancy; 17 percent (n=10) binged during the second and third month 

of pregnancy; 19 percent (n=11) binged during month four to six; and 10 percent binged 

between months seven to nine.  Maternal binge drinking in pregnancy was not 

associated with children’s FSIQ (Table 21), VIQ (Table 22), or PIQ scores (Table 23) at 

7 years. 

6.4.1.7 Gender 

Gender was not significantly associated with FSIQ at 7 years (Table 24) in the total 

sample.  No difference in Verbal IQ (Table 25) or Performance IQ (Table 26) was 

found between boys and girls. 
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6.4.1.8 Gestational Age 

In this study, only a small number of children were born at 37 and 38 weeks of 

gestation, 3 percent and 6 percent respectively.  Gestational age at delivery was not 

significantly associated with FSIQ at 7 years (Table 24).  Weeks of gestation at delivery 

were also not associated with Verbal (Table 25) or Performance IQ (Table 26). 

6.4.1.9 Delivery Method 

The majority of mothers in this study (68%) had a normal vaginal delivery of the study 

child.  Caesarean births made up 15 percent of births and the remaining 17 percent were 

defined as assisted vaginal deliveries (e.g. use of forceps). 

No association was found between delivery method and children’s FSIQ at 7 years 

(Table 24).  Delivery method was also not associated with verbal intelligence scores 

(Table 25).  There was evidence of a marginally significant association between 

delivery method and PIQ scores (p=0.07) (Table 26).  Children born by caesarean 

section had significantly higher PIQ scores compared with those children who were 

born by normal vaginal delivery (4.11 IQ points; 95%CI: 0.33, 7.89).  This association 

did not remain significant, however, after controlling for potential confounders 

(p=0.51). 

6.4.2 Socio-demographic Factors  

6.4.2.1 Maternal Education 

Maternal education recorded at the birth of the child was significantly associated with 

children’s FSIQ at 7 years (p=0.004) (Table 27). In particular, children whose mothers 

had left school before 17 years of age and had not attended university had significantly 

lower FSIQ scores than children whose mothers had attended university (-6.53 IQ; 

95%CI: -10.47, -2.59).  This association was however, no longer significant after 

adjustment for potential confounders (p=0.41).  Maternal education was also 

significantly associated with VIQ (Table 28).  Similar to FSIQ scores, higher maternal 

education was positively associated with VIQ at 7 years (p=0.004).  However, this 

relationship was no longer significant in the multivariable model.  Finally, PIQ scores 

were also significantly associated with maternal education (Table 29).  This relationship 

was, however, not significant after adjustment for potential confounders. 
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6.4.2.2 Paternal Education 

Paternal education at birth was significantly associated with children’s FSIQ at 7 years 

in the total sample (Table 27).  Children whose fathers did not attend university had 

significantly lower FSIQ scores than children whose father did attend university.  The 

association between paternal education and FSIQ remained significant (p=0.02) after 

adjustment in the multivariable model.  Children whose fathers left school before 17 

years of age and did not attend university had significantly lower FSIQ scores than 

children whose fathers attended university, with a difference of 5.26 points (95% CI: -

8.98, -1.50).  There was no significant difference in FSIQ, however, between those 

children whose fathers had left school at 17 years or older and did not attend university 

and those children whose fathers had attended university.  

Paternal education was significantly associated with VIQ at 7 years (Table 28), and this 

association also remained highly significant (p=0.002) after controlling for gender, 

gestation, family and socioeconomic factors.  Children whose fathers left school before 

17 years of age and did not attend university had significantly lower VIQ scores than 

children whose fathers attended university, with a difference in VIQ of 6.78 points 

(95% CI: -10.55, -2.95).  Similarly, children whose fathers left school at 17 years or 

older and did not attend university had significantly lower verbal intelligence scores 

than children whose fathers attended university, with a difference in VIQ of 4.27 points 

(95% CI: -8.07, -0.47). 

Children’s PIQ scores were significantly associated with fathers’ education at birth 

(p=0.004), however, this relationship did not reach statistical significance (p=0.16) after 

adjustment for potential confounders (Table 29).      

6.4.2.3 Parental Occupation 

Parental occupation coded as an indicator of SES at birth was significantly associated 

with FSIQ at 7 years in the total sample (p=0.03) (Table 30).  Parental occupation at 7 

years was also significantly associated with FSIQ at 7 years (p<0.001) (Table 30).  

Parental occupation at birth and parental occupation at 7 years were then examined 

together in relation to FSIQ in the total sample.  In this analysis occupation at 7 years 

remained significantly associated with FSIQ at 7 years (p=0.04), and occupation at birth 

was not associated with FSIQ (p=0.10).  Furthermore, parental occupation at 7 years 
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showed a trend for lower occupational status to be significantly associated with lower 

intelligence scores.  Due to possible multicollinearity issues, parental occupation at 7 

years was chosen as the occupation variable to be used in multivariable analyses. 

Parental occupation at 7 years was significantly associated with children’s FSIQ at 7 

years (Table 30).  After adjusting for potential confounders this association was 

borderline significant (p=0.06), showing a trend for higher occupation to be associated 

with higher FSIQ scores.  Children in families with high occupational status had 

significantly higher FSIQ scores than children in low occupational status families, with 

a difference of 9.85 IQ points (95% CI: 1.18, 18.53). 

VIQ scores were significantly associated with parental occupational status (Table 31), 

and this relationship remained significant after controlling for gender, gestation, family 

and other socioeconomic factors (p=0.04).  In this analysis, children whose parents had 

low occupational status had significantly lower VIQ scores than children whose parents 

had high occupational status, with a 10.70 IQ point difference (95% CI: -19.46, -1.94). 

Parents’ occupational status was significantly associated with children’s PIQ scores 

(Table 32).  However, despite a trend for higher occupational status to be related to 

Performance IQ, this association was no longer significant in the multivariable analysis 

(p=0.33). 

As a secondary analysis, occupational status was examined in the multivariable model 

minus maternal and paternal education variables.  In this model, occupational status was 

significantly associated with FSIQ (p=0.004), VIQ (p=0.001) but not PIQ (p=0.14). 

6.4.2.4 Income 

Gross parental income at birth was significantly associated with FSIQ at 7 years in the 

total sample (p<0.001) (Table 30).  Parental income at 7 years was also significantly 

associated with FSIQ at 7 years in the total sample (p<0.001) (Table 30).  Gross 

parental income at birth and gross parental income at 7 years were then examined 

together in relation to FSIQ in the total sample.  In this analysis parental income at 7 

years remained significantly associated with FSIQ at 7 years (p=0.004), and parental 

income at birth was only marginally associated with FSIQ (p=0.10).  Due to possible 

multicollinearity issues, parental income at 7 years (rather than income at birth) was 

chosen as the parental income variable to be used in the multivariable model.  Questions 
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about parental income at birth also provided limited information about parents who 

earned higher incomes as the top income category was $35,000+ per year.  At birth, 82 

percent of parents (n=460) had incomes in the $35,000+ per year category. 

In the multivariable model, parental income at 7 years was not associated with FSIQ at 

7 years in the total sample of children (p=0.24) (Table 30).  Parental income at 7 years 

was significantly associated with VIQ at 7 years (Table 31), however, this association 

did not remain significant in multivariable analysis (p=0.29).  Parental income at 7 years 

was significantly associated with PIQ at 7 years in the total sample (Table 32), however 

this association was no longer significant after controlling for potential confounders 

(p=0.10). 

6.4.2.5 Maternal Marital Status  

Maternal marital status at 7 years as opposed to maternal marital status at 3.5 years was 

chosen as the marital status variable.  This decision was made because there was more 

marital status information available at the 7-year phase and because of possible 

multicollinearity issues.  At 7 years, 11 percent of the children in this study lived with 

single mothers.  Five percent of mothers lived with a new partner (not the biological 

father), in either a married or a de facto relationship.  The majority of mothers (84%) 

lived with the child’s biological father, and 76% of these couples were married (Table 

33). 

Maternal marital status at 7 years was significantly associated with children’s FSIQ at 7 

years in the total sample (Table 33).  The association was no longer significant, 

however, in the multivariable model (p=0.15).  Similar to FSIQ scores, there was a 

marginal association between maternal marital status and verbal intelligence scores at 7 

years (p=0.08) (Table 34), however, after adjustment for potential confounders, this 

relationship was no longer significant (p=0.24).  Performance IQ was significantly 

associated with maternal marital status (Table 35) and this association remained 

significant in the multivariable model (p=0.05).  Children living in families with 

married biological parents had significantly higher PIQ scores than children living in 

single mother families (6.88 IQ points; 95% CI: 1.71, 12.09). 
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6.4.2.6 Birth Order 

At 7 years of age, the majority of children in the study (91%) had siblings.  Birth order 

was significantly associated with children’s FSIQ at 7 years (Table 33).  In particular, 

being born first was positively associated with FSIQ.  After adjustment for potential 

confounders, first born children had significantly higher FSIQ scores compared with 

children who were the youngest in their family (4.89 IQ points; 95% CI: 1.48, 8.26).  

Similarly, first born children had higher FSIQ scores than children who had both older 

and younger siblings at 7 years (5.24 points; 95% CI: 1.03, 9.45).  There was no 

difference, however, in FSIQ scores between children who were first born and children 

who had no siblings at 7 years. 

VIQ was not associated with birth order at 7 years (Table 34).  Performance IQ was 

significantly associated with birth order at 7 years (Table 35), and this association 

remained significant after controlling for potential confounders (p=0.04).  First born 

children had significantly higher PIQ scores compared with children who were the 

youngest in their family, with a difference of 5.37 IQ points (95% CI: 1.58, 9.14).  

There were no significant differences in PIQ scores between children who were first 

born and children who had both older and younger siblings or children who did not have 

any siblings at 7 years.     

6.4.3 Postnatal Factors 

6.4.3.1 Maternal Perceived Stress  

Maternal perceived stress at birth was significantly associated with children’s FSIQ at 7 

years (Table 36).  Children whose mothers reported high levels of stress when the child 

was born had significantly lower FSIQ scores than children whose mothers reported low 

to moderate stress (-4.02 IQ points: 95%CI: -7.12, -0.92).  This association was no 

longer significant, however, after adjustment for potential confounders (p=0.23).  There 

was no association between perceived stress at 3.5 years and FSIQ at 7 years (p=0.22).  

Similarly, maternal perceived stress at 7 years was not associated with FSIQ (p=0.55) at 

7 years. 

Maternal perceived stress at birth was significantly associated with verbal intelligence 

scores (p=0.02) (Table 37).  Children whose mothers reported high levels of stress when 
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the child was born had significantly lower VIQ scores than children whose mothers 

reported moderate to low stress at birth of the child (-3.49 IQ points: 95%CI: -6.47, -

0.51).  In multivariable analysis, however, this association was no longer significant 

(p=0.35).  Maternal perceived stress scores at 3.5 years and perceived stress scores at 7 

years were not associated with VIQ scores at 7 years (Table 37). 

Children’s PIQ at 7 years was significantly associated with maternal perceived stress at 

birth (Table 38).  Similar to VIQ, children whose mothers reported high levels of stress 

at birth had significantly lower PIQ scores than children whose mothers reported low to 

moderate levels of stress (-3.93 IQ points; 95%CI: -7.83, -0.48).  This association was 

no longer significant (p=0.20) after adjustment for potential confounders.  PIQ was not 

associated with either stress scores at 3.5 years or maternal stress scores at 7 years in the 

total sample (Table 38). 

6.4.3.2 Maternal Social Support  

Social support at the birth of child was not significantly associated with FSIQ at 7 years 

in the total sample of children (Table 39).  Social support at 1 year was significantly 

associated with FSIQ and this association remained significant in multivariable analysis 

(p=0.004).  Children of mothers who had low social support when the children were 1 

year of age had lower FSIQ scores than children of mothers who had normal to high 

social support at 1 year, with a difference of 4.54 IQ points (95% CI: -7.64, -1.44).  

Social support at 3.5 years and social support at 7 years were not significantly 

associated with FSIQ scores at 7 years, however, both these factors showed an effect in 

the same direction as that found at 1 year. 

Social support at birth of child was not associated with verbal intelligence scores at 7 

years (Table 40).  Similar to FSIQ, social support at 1 year was significantly associated 

with VIQ at 7 years, and this association remained significant after adjusting for gender, 

gestation, family and SES factors (p=0.006).  Children of mothers who had low social 

support at 1 year had significantly lower verbal IQ scores than children of mothers who 

had normal to high support at 1 year (-4.79 points; 95% CI: -8.20, -1.38).  Social 

support at 3.5 years and at 7 years showed no association with VIQ at 7 years.  Similar 

to FSIQ scores, however, both these factors showed an effect in the same direction as 

that found at 1 year. 
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Performance IQ at 7 years was not associated with social support at birth (Table 41).  

There was evidence of a marginally significant association between social support at 1 

year and PIQ at 7 years (p=0.07).  Similar to FSIQ and VIQ, social support at 1 year 

was associated with PIQ (p=0.03) after adjustment for potential confounders.  Children 

whose mothers had low social support at 1 year had lower PIQ than children of mothers 

with normal to high support (-3.63 points, 95% CI: -6.81, -0.45).  Similar to FSIQ and 

VIQ, social support at 3.5 years and at 7 years were not significantly associated with 

performance intelligence scores at 7 years, however, both support at 3.5 years and 7 

years showed an effect in the same direction as that found at 1 year. 

6.4.3.3 Social Support and Stress   

When maternal stress and social support measures taken at birth were combined, they 

were found to be significantly associated with FSIQ at 7 years (Table 42).  In particular, 

children whose mothers reported high stress and low social support at birth had 

significantly lower FSIQ scores than children whose mothers reported low stress and 

high social support (-8.38 points, 95% CI: -14.28, -2.48).  This association was not 

significant, however, when adjustments were made for potential confounders (p=0.58).  

Combined maternal stress and social support scores at 3.5 years and at 7 years were also 

not associated with FSIQ at 7 years.  Although overall effect sizes were non-significant, 

results did show a trend towards high stress and low social support (particularly at 3.5 

years) being associated with lower FSIQ.     

Similar to FSIQ findings, VIQ scores at 7 years were significantly related to the 

combination of stress and social support at the birth of the child (Table 43).  This 

association, however, was no longer significant in the multivariable model (p=0.65).  

Verbal intelligence scores were also not associated with the combined maternal stress 

and social support variables at 3.5 years and at 7 years.   Similar to FSIQ, the overall 

effect size was non-significant, however, there appeared to be a trend for high stress and 

low social support to be associated with lower VIQ scores. 

There was a marginal association between PIQ at 7 years and the combined stress and 

social support measures at birth (p=0.10) (Table 44), however, this association was not 

significant after controlling for potential confounders (p=0.68).  No associations were 

found between the combined stress and social support measures at either 3.5 years or 7 

years and PIQ at 7 years (Table 44). 
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6.4.3.4 Breastfeeding 

In this study, nearly all children (97%) were breastfed (Table 45).  In regards to 

breastfeeding duration, 44 percent of children were breastfed for six to 12 months, and 

24 percent of children were breastfed for longer than 12 months.  The majority of 

mothers exclusively breastfed their babies for longer than 2 months: 46 percent for 2 to 

4 months; 22 percent for 5 to 6 months; and 15 percent for longer than 6 months. 

Being breastfed was not significantly associated with children’s FSIQ at 7 years in the 

total sample (Table 45).  Breastfeeding duration was also not significantly associated 

with overall intelligence at 7 years (p=0.45).  Exclusive breastfeeding was similarly not 

associated with FSIQ (p=0.25). 

VIQ findings at 7 years were similar to FSIQ results.  Breastfeeding, breastfeeding 

duration and exclusive breastfeeding were not associated with verbal intelligence scores 

(Table 46).  Breastfeeding, duration of breastfeeding and exclusive breastfeeding were 

also not associated with performance intelligence at 7 years in the total sample (Table 

47). 

6.4.3.5 Pacifier use 

Nearly half (49%) of the children in the study used a pacifier in the first year of life.  

Pacifier use during the first year of life was not associated with FSIQ at 7 years (Table 

45).  Pacifier use was also not associated with VIQ (Table 46), or PIQ scores (Table 

47).  

6.4.3.6 Developmental Delay 

Information on whether children had a developmental delay at 1 year was available for 

503 children who participated at 7 years.  One or more developmental delays were 

found in 28 percent of children at 1 year of age (Table 48).  Having one or more 

developmental delays was significantly associated with FSIQ scores at 7 years (Table 

48).  The association remained significant (p=0.003) after adjustment for gender, 

gestation, family and SES factors.  Children with one or more delays had significantly 

lower FSIQ scores at 7 years than children with no delays at 1 year, with a difference of 

5.12 points (95% CI: -8.45, -1.79). 
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Having one or more development delays at 1 year was not associated with VIQ scores 

(Table 49).  An association was found between PIQ at 7 years in the total sample and 

having one or more delays (Table 50).  This association remained significant in 

multivariable analysis (p=0.005).  Children with one or more delays had significantly 

lower PIQ scores than children with no delays, with a difference of 5.43 points (95% 

CI: -9.19, -1.67). 

Children were then reclassified into three groups.  Results showed that 10 percent of 

children had two or more developmental delays, 18 percent had one delay, and 72 

percent had no developmental delays (Table 48). These new developmental delay 

groups at 1 year were also significantly associated with FSIQ scores at 7 years (Table 

48).  This association remained significant after controlling for potential confounders 

(p=0.005).  There was no association found between the reclassified delay groups and 

VIQ (Table 49).  PIQ scores were significantly associated with the reclassified delay 

groups (Table 50).  PIQ at 7 years and development delay at 1 year remained 

significantly associated in the multivariable analysis (p=0.001).  Children with two or 

more delays at 1 year had lower PIQ scores at 7 years compared with children who had 

no delays (-9.91 points; 95% CI: -15.36, -4.46). 

6.4.3.7 Iron Status 

3.5 years 

3.5-year blood result information was available for 390 children who participated at 7 

years (66%).   Thirteen children (4%) had abnormal haemoglobin (Hb) concentrations 

based on a cut-off value of <112 g/L.   Children’s Hb levels at 3.5 years were 

significantly associated with FSIQ at 7 years in the total sample (Table 51), and this 

association remained significant in the multivariable model (p=0.03).  Children whose 

Hb concentrations were below 112 g/L at 3.5 years had significantly lower FSIQ scores 

at 7 years, than children whose Hb was normal at 3.5 years (-10.91 IQ points; 95% CI: -

20.83, -0.99). 

Hb concentrations at 3.5 years were also significantly associated with VIQ at 7 years 

(Table 52) and this association remained highly significant after the adjustment of 

potential confounders (p<0.001).  Children at 3.5 years with low Hb concentrations of 

less than 112 g/L had significantly lower VIQ scores than children whose haemoglobin 
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concentration was 112 g/L or higher (-12.73 IQ points, 95% CI: -19.84, -5.62).  

Children’s haemoglobin concentrations at 3.5 years, however, were not associated with 

PIQ scores (Table 53). 

Of those children that attended the 7-year phase, 33 children (10%) had an abnormal red 

cell distribution width (RDW) of more than 14 percent at 3.5 years of age.  RDW at 3.5 

years was not associated with FSIQ (Table 51), VIQ (Table 52) or PIQ (Table 53) in the 

total sample at 7 years. 

In order to examine the effect that missing data had on these results, a further analysis 

was undertaken to examine whether IQ scores differed between children who gave 

blood at 3.5 years and those who did not.  The results showed that children who gave 

blood at 3.5 years and children who did not give blood, did not differ in relation to FSIQ 

(p=0.39), VIQ (p=0.13) or PIQ (p=0.97). 

7 years 

At 7 years, 257 of 591 children (43%) had blood samples taken.  Of these children, 10 

percent (n=23) had abnormal haemoglobin (Hb) concentrations of less than 118 g/L.  

Hb concentration at 7 years was not associated with FSIQ (Table 54) at 7 years.  There 

was an association between Hb at 7 years and VIQ (p=0.05) (Table 55), however this 

association was no longer significant in the multivariable model (p=0.08).  PIQ (Table 

56) at 7 years was not associated with Hb in the total sample. 

Serum ferritin at 7 years was not associated with FSIQ (Table 54), VIQ (Table 55) or 

PIQ (Table 56) at 7 years in the total sample.  Similarly, tranferrin saturation at 7 years 

was not associated with FSIQ (Table 54), VIQ (Table 55) or PIQ (Table 56) at 7 years. 

Children who gave blood at 7 years and children who did not blood at 7 years did not 

differ in relation to FSIQ (p=0.12), VIQ (p=0.31) or PIQ scores (p=0.10). 

6.4.4 Dietary Factors 

6.4.4.1 3.5 Year Descriptive Dietary Patterns 

Table 57 shows the dietary patterns of the total sample of children at 3.5 years.  In 

relation to food frequency information, 68 percent of 3.5 year old children ate fruit two 
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or more times a day.  Seventy seven percent of children had vegetables two or more 

times a day.  Eighty eight percent of children ate meat, fish, eggs or chicken at least 

daily and 73 percent had red meat at least twice weekly.  Eighty six percent of children 

consumed dairy products or milk at least twice daily, in line with Ministry of Health 

(MOH) recommendations.  Only seven percent of children ate breads, cereals, rice or 

pasta at least four times a day as recommended. 

Information on the number of servings of fruit and the number of servings of vegetables 

eaten per day was also available at 3.5 years.  Seventy three percent of children were 

reported as eating the recommended two or more servings of fruit per day, not including 

fruit juice.  The MOH recommended vegetable servings of two or more a day were 

consumed by 46 percent of the total sample. 

Fish was consumed at least weekly by 70 percent of children and fatty fish was 

consumed at least weekly by 18 percent of children.  Nearly one quarter of children 

(24%) were taking vitamin and/or mineral supplements daily, and 39 percent were 

taking a dietary supplement at least once a week. 

Total treat foods including cakes, biscuits, chips, candy bars and muesli bars, were 

consumed at least daily by 85 percent of children.  Twelve percent of children ate treat 

foods three or more times daily. 

Eighty two percent of children drank water daily.  Fruit juice and cordial were 

consumed daily by 30 percent and 36 percent of children respectively.  Soft drinks were 

consumed three or more times a week by nearly one quarter of the children (24%). 

6.4.4.2 7 Year Descriptive Dietary Patterns 

Dietary patterns at 7 years were similar to patterns at 3.5 years for fruit consumption 

(Table 58).  At 7 years, 67 percent of children ate fruit two or more times a day and 72 

percent ate two or more servings of fruit a day.  Vegetables were consumed three or 

more times a day by 62 percent of children and 39 percent ate the MOH recommended 

three or more servings of vegetables a day.  The MOH recommends that school-aged 

children eat five or more servings of breads and cereals a day.  Only five children (1%) 

at 7 years ate breads and cereals five or more times a day.  Seventeen children (2%) ate 

breads and cereals four or more times a day.  Nearly all children at 7 years (97%) had 

meat, chicken, eggs or fish at least daily and 79 percent had milk and dairy products at 
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least two times a day.  Eighty nine percent of children at 7 years had red meat at least 

twice a week. 

Fish consumption and vitamin and/or mineral supplement use were similar to findings 

at 3.5 years.  Total treat foods including cakes, biscuits, chips, candy bars and muesli 

bars, were consumed at least daily by 97 percent of children.  Thirty seven percent of 

children ate treat foods three or more times daily.  Soft drinks were consumed three or 

more times a week by 21 percent of children at 7 years. 

6.4.4.3 Fruit 

3.5 Years 

In the total sample of children, eating fruit two or more times a day at 3.5 years was not 

associated with total IQ at 3.5 years as measured by the Stanford Binet (Table 59). 

Eating two or more servings of fruit a day at 3.5 years was also not associated with total 

IQ at 3.5 years (Table 59). 

7 Years 

There was no association found between eating fruit two or more times a day at 7 years 

and FSIQ at 7 years (Table 61).  Eating two or more servings of fruit per day at 7 years 

was associated with FSIQ at 7 years (Table 61).  However, after adjusting for potential 

confounders the association found between FSIQ and eating two or more fruit servings 

a day was no longer significant (p=0.08). 

Eating fruit two or more times a day at 7 years was not associated with verbal IQ scores 

(Table 62) at 7 years.  Eating two or more servings of fruit a day at 7 years was 

significantly associated with VIQ at 7 years (Table 62), however, this association was 

no longer significant in multivariable analysis (p=0.09). 

Eating fruit two or more times a day at 7 years was not associated with PIQ scores at 7 

years. There was evidence of a marginally significant association between PIQ at 7 

years and eating two or more servings of fruit a day at the same age (Table 63) in both 

simple and multiple regression analyses (p=0.10).    
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6.4.4.4 Vegetables 

3.5 Years 

Eating vegetables two or more times a day at 3.5 years was not associated with total IQ 

at 3.5 years.  Total IQ at 3.5 years was also not associated with eating two or more 

servings of vegetables a day (Table 59). 

7 Years 

There was evidence of a marginal association between eating vegetables three or more 

times a day at 7 years and FSIQ at 7 years (Table 61), but this association was not 

significant in multivariable analysis (p=0.15).  Eating the recommended three or more 

servings of vegetables a day at 7 years was not associated with FSIQ at 7 years. 

Eating vegetables three or more times a day at 7 years was not associated with VIQ at 7 

years and eating the recommended three or more servings of vegetables at 7 years were 

also not associated with VIQ (Table 62).  PIQ was not associated either with eating 

vegetables three or more times a day, or eating three or more servings of vegetables a 

day (Table 63). 

6.4.4.5 Breads and Cereals 

3.5 Years 

Eating breads and cereals four or more times a day at 3.5 years was associated with total 

IQ at 3.5 years (Table 59).  This association remained significant in the multivariable 

model (p=0.04).  Children who did not eat breads and cereals four or more times a day 

had significantly lower Total IQ scores at 3.5 years than children who did (-3.96 points; 

95% CI: -7.60, -0.20).  Due to the small number of children that ate breads and cereals 

four or more times a day, as a secondary analysis, children were reclassified into four 

groups depending on how often they ate breads and cereals daily (Table 60).  There was 

an association between these new bread and cereals categories and total IQ (p=0.03).  

However, after adjustment for potential confounders, this association was found to be 

no longer significant (p=0.20). 
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7 Years 

Due to the small numbers of children eating breads and cereals in line with MOH 

recommendations for school-aged children (five or more servings a day), regression 

analyses examined the association between eating breads and cereals four or more times 

a day and IQ at 7 years.  Eating breads and cereals four or more times a day at 7 years 

was not associated with FSIQ (Table 61), VIQ (Table 62) or PIQ (Table 63) at 7 years.  

When children in the total sample were categorized into how often they ate breads and 

cereals per day at 7 years, no associations were found between breads and cereals and 

either FSIQ (p=0.22), VIQ (p=0.42) or PIQ (p=0.11) at 7 years. 

6.4.4.6 Meat, Chicken, Eggs and Fish 

3.5 Years 

Total IQ at 3.5 years was not associated with daily consumption of meat, chicken, eggs 

or fish at 3.5 years (Table 59). 

7 Years 

Daily consumption of meat, chicken, eggs or fish at 7 years was not associated with 

FSIQ scores (Table 61) at 7 years.  Daily consumption of these foods at 7 years was 

however, negatively associated with verbal intelligence at 7 years (Table 62).  In 

multivariable analysis, however, this association was no longer significant (p=0.08).  

PIQ was not associated with daily consumption of these foods at 7 years (Table 63). 

6.4.4.7 Milk and Dairy Products 

3.5 Years 

Twice daily consumption of milk and dairy products at 3.5 years was not associated 

with total IQ at 3.5 years (Table 59). 

7 Years 

FSIQ (Table 61), VIQ (Table 62) and PIQ scores (Table 63) at 7 years were not 

associated with twice daily consumption of milk and dairy products at 7 years in the 

total sample. 
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6.4.4.8 Red Meat  

3.5 Years 

Eating red meat two or more times a week at 3.5 years was not associated with total IQ 

at 3.5 years (Table 64) in the total sample of children. 

7 Years 

FSIQ at 7 years was not associated with eating red meat two or more times a week at 7 

years (Table 65).  Verbal intelligence scores (Table 66) and performance intelligence 

scores (Table 67) were also not associated with eating red meat two or more times a 

week at 7 years.  

6.4.4.9 Fish 

3.5 Years 

Weekly fish consumption at 3.5 years was not associated with total IQ at 3.5 years in 

the total sample of children (Table 64). 

7 Years 

Weekly fish consumption at 7 years was significantly associated with FSIQ at 7 years 

(Table 65).  This association remained significant after adjustment for potential 

confounders (p=0.01).  Children who did not eat fish at least weekly had significantly 

lower FSIQ scores than those children who did, with a difference of 3.64 IQ points 

(95% CI: -6.54, -0.74).  Similarly, verbal intelligence scores were significantly 

associated with weekly fish consumption (Table 66) after adjustment for potential 

confounding variables (p=0.03).  Children who did not eat fish at least weekly had 

significantly lower VIQ scores compared to children who did, with a difference of 3.29 

IQ points (95% CI: -6.25, -0.33).  There was also a significant association between 

eating fish weekly at 7 years and PIQ (Table 67).  This association remained significant 

in multivariable analysis (p=0.05).  Once again, children who did not eat fish at least 

weekly at 7 years had significantly lower scores than children who did, with a 

difference of 3.36 PIQ points (95% CI: -6.65, -0.07). 
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6.4.4.10 Fatty Fish  

3.5 Years  

Eating fatty fish at least weekly at 3.5 years was not associated with total IQ at 3.5 years 

(Table 64). 

7 Years 

No associations were found between eating fatty fish at least weekly at 7 years and 

FSIQ (Table 65) or VIQ scores (Table 66) at the same age.  Evidence of a marginally 

significant association was found between eating fatty fish at least weekly and PIQ at 7 

years (Table 67), but there was no association found in multivariable analysis (p=0.14). 

6.4.4.11 Margarine 

3.5 Years 

In this study 48 percent of children at 3.5 years ate margarine at least daily.  Daily 

margarine consumption at 3.5 years was significantly associated with total IQ at 3.5 

years (Table 64).  This association remained significant in the multivariable model 

(p=0.03).  Children who ate margarine at least daily at 3.5 years had significantly lower 

total IQ scores at 3.5 years than children who did not eat margarine at least daily, with a 

difference of 2.81 IQ points (95% CI: -5.28, -0.34). 

7 Years 

At 7 years margarine was consumed daily by 29 percent of children.  There was 

evidence of a marginally significant association between daily margarine consumption 

at 7 years and FSIQ at 7 years (p=0.10) (Table 65).  However, this association was not 

significant in the multivariable model (p=0.30).  Similarly, there was evidence of a 

marginally significant association between daily margarine consumption and verbal 

intelligence scores (p=0.06) with lower VIQ scores associated with daily margarine 

consumption (Table 66).  This association did not remain significant, however, after 

controlling for potential confounders (p=0.21).  Daily margarine consumption was not 

associated with PIQ (Table 67). 
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6.4.4.12 Butter 

3.5 Years 

Thirty four percent of children at 3.5 years ate butter at least daily.  Daily butter 

consumption at 3.5 years was not associated with total IQ at the same age (Table 64). 

7 Years 

Butter was consumed daily by 23 percent of children at 7 years.  There was no 

association between daily butter consumption at 7 years and FSIQ at 7 years (Table 65).  

There was evidence of a marginally significant association between VIQ and eating 

butter at least daily (Table 66), however no association was found after adjustment in 

multivariable analysis (p=0.11).  PIQ was not associated with daily butter consumption 

(Table 67). 

6.4.4.13 Blended Spread 

7 Years 

No information on blended spread consumption was collected at 3.5 years.  At 7 years 

19 percent of children consumed a blended spread at least daily.  There was evidence of 

a marginally significant association between daily consumption of blended spreads at 7 

years and FSIQ (Table 65), however this association did not remain significant after the 

adjustment of potential confounders (p=0.90).  There was also evidence of a marginally 

significant association between VIQ and daily blended spread consumption at 7 years 

(Table 66), but no association was found in multivariable analysis (p=0.71).  

Performance intelligence scores were not associated with daily blended spread 

consumption at 7 years (Table 67). 

6.4.4.14 Vitamin and Mineral Supplements 

3.5 Years 

Daily vitamin and/or mineral supplement consumption at 3.5 years was not associated 

with total IQ at 3.5 years (Table 64).  Similarly, weekly vitamin and/or mineral 

consumption were also not associated with total IQ at 3.5 years (Table 64). 
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7 Years 

No associations were found between daily or weekly vitamin and/or mineral 

supplementation at 7 years and FSIQ (Table 65), VIQ (Table 66) or PIQ (Table 67) at 

the same age. 

6.5 Results of the SGA Children 

Results from analyses examining the association between explanatory variables and 

children’s IQ for the SGA group are presented in the following sections.  In each 

section, results from FSIQ analyses are presented first.  Results of analyses on VIQ and 

PIQ scores are then reported.  The number of SGA children in each explanatory 

grouping is also presented.  Results are presented for both univariate and multivariable 

analyses.  Multivariable analyses adjusted for gender, gestation, maternal smoking 

during pregnancy, maternal age, maternal marital status at 7 years, birth order at 7 

years, parental occupation at 7 years, parental education at birth and the WISC-III 

examiner.  For the SGA group, this main multivariable model accounted for 31 percent 

of the variance in FSIQ.   

6.5.1 Pregnancy and Obstetric Factors 

6.5.1.1 Maternal Age at Birth 

Thirteen percent of the mothers of SGA children who took part at 7 years were aged 24 

years or younger when the child was born (Table 68).  Maternal age at birth was 

significantly associated with FSIQ at 7 years in SGA children (Table 68), with young 

maternal age being negatively associated with FSIQ scores.  This association, however, 

was no longer significant in multivariable analysis (p=0.41). 

Maternal age at birth was marginally associated with VIQ (p=0.08) (Table 69), 

however, this relationship was no longer significant after controlling for potential 

confounders (p=0.44).  Similar to VIQ, maternal age at birth showed a marginally 

significant association with PIQ at 7 years in SGA children (p=0.08) (Table 70), with 

young maternal age being negatively associated with PIQ.   After adjustment for gender, 

gestation, family and SES factors, this association was no longer significant (p=0.62). 
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Similarly, when maternal age was examined as a continuous variable in relation to IQ 

scores, no associations were found between maternal age and FSIQ, VIQ or PIQ in 

multivariable analyses.  

6.5.1.2 Maternal Pregnancy Hypertension 

Six mothers (3%) of SGA children had pre-existing hypertension and 22 mothers (9%) 

had pregnancy-induced hypertension during pregnancy (Table 68). 

Maternal hypertension during pregnancy was not significantly associated with FSIQ at 7 

years (Table 68).  Maternal hypertension in pregnancy was also not associated with 

verbal intelligence (Table 69) or performance intelligence scores at 7 years (Table 70). 

6.5.1.3 Maternal Iron Treatment, Anaemia, and Haemoglobin in Pregnancy  

Iron Supplementation 

Iron supplements were taken by 36 percent of the mothers of SGA children during 

pregnancy (Table 71).  There was evidence of a positive association between taking iron 

supplements during pregnancy and FSIQ at 7 years (p=0.10) (Table 71), however this 

association was not significant in multivariable analysis. 

Similar to FSIQ results, iron supplementation in pregnancy was positively associated 

with VIQ scores at 7 years in SGA children (p=0.05) (Table 72), however this 

association was not significant in the adjusted analysis (p=0.38).  PIQ at 7 years and 

iron supplementation in pregnancy was not associated in the SGA group (Table 73). 

Anaemia Medication 

Fifteen percent of mothers of SGA children took anaemia medication during pregnancy.  

Taking anaemia medication during pregnancy was not associated with FSIQ (Table 71), 

VIQ (Table 72), or PIQ scores (Table 73) at 7 years in SGA children. 

Lowest Pregnancy Haemoglobin Level 

Lowest pregnancy haemoglobin level was not associated with FSIQ (Table 71), VIQ 

(Table 72), or PIQ (Table 73) at 7 years in SGA children.  
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6.5.1.4 Maternal Smoking during Pregnancy 

Thirty four percent of mothers of SGA children smoked during pregnancy.  Smoking 

during pregnancy was associated with FSIQ at 7 years (Table 74).  After adjustment for 

potential confounders, however, this association was no longer significant (p=0.28). 

Maternal smoking during pregnancy was not associated with VIQ scores at 7 years 

(Table 75).  SGA children of mothers who smoked during pregnancy had lower PIQ 

scores (Table 76), however, this association was no longer significant after adjustment 

for potential confounders (p=0.99). 

6.5.1.5 Maternal Marijuana Use in Pregnancy 

Twenty two mothers (9%) of SGA children smoked marijuana during pregnancy.  

Smoking marijuana during pregnancy was not associated with FSIQ scores at 7 years in 

these children (Table 74).  Smoking marijuana in pregnancy also showed no association 

with VIQ (Table 75), or PIQ (Table 76) at 7 years. 

6.5.1.6 Maternal Alcohol Intake in Pregnancy  

Alcohol in the First Month of Pregnancy 

More than half of the mothers of SGA children (57%) drank alcohol in the first month 

of pregnancy (Table 77).  Drinking any alcohol during the first month of pregnancy was 

not associated with FSIQ (Table 77), VIQ (Table 78) or PIQ scores (Table 79) at 7 

years.    

Drinking more than seven drinks per week during the first month of pregnancy was not 

associated with FSIQ (Table 77), VIQ (Table 78) or PIQ (Table 79) at 7 years in the 

SGA group.    

Few mothers (4%) of SGA children drank more than 14 drinks per week in the first 

month of pregnancy.  Drinking more than 14 alcoholic drinks per week in the first 

month of pregnancy was not associated with FSIQ at 7 years (Table 77).  Nor was it 

related to VIQ (Table 78) or PIQ scores (Table 79). 
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Alcohol in the Last Month of Pregnancy 

In the last month of pregnancy, 40 percent of mothers of SGA children drank alcohol.  

Drinking any alcohol during the last month of pregnancy was not associated with 

children’s FSIQ (Table 77) or VIQ (Table 78) at 7 years.  Drinking alcohol in the last 

month of pregnancy was associated with children’s performance intelligence at 7 years 

(p=0.07) (Table 79).  SGA children whose mothers drank alcohol in the last month of 

pregnancy had higher PIQ scores at 7 years.  No association was found, however, after 

adjustment in multivariable analysis (p=0.16). 

Binge Drinking 

Fourteen percent of mother of SGA children drank five or more drinks on at least one 

occasion during their pregnancy.  Binge drinking during pregnancy was not associated 

with FSIQ (Table 77), VIQ (Table 78), or PIQ scores (Table 79) at 7 years. 

6.5.1.7 Gender 

No associations were found between gender and FSIQ (Table 80), VIQ (Table 81) or 

PIQ (Table 82) at 7 years in SGA children. 

6.5.1.8 Gestational Age 

Gestational age at delivery was not significantly associated with FSIQ at 7 years in 

SGA children (Table 80).  Weeks of gestation were also not associated with verbal 

intelligence (Table 81) or performance intelligence scores (Table 82). 

6.5.1.9 Delivery Method 

The majority of mothers (65%) had a normal vaginal delivery of the SGA child.  

Caesarean births made up 22 percent of births, and the remaining 13 percent were 

defined as assisted vaginal deliveries (e.g. use of forceps) (Table 80). 

No association was found between delivery method and FSIQ at 7 years in SGA 

children (Table 80).  Delivery method was also not associated with VIQ (Table 81) or 

PIQ scores (Table 82). 
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6.5.2 Socio-demographic Factors 

6.5.2.1 Maternal Education 

Maternal education at birth was significantly associated with the FSIQ scores of SGA 

children at 7 years (Table 83) and this association remained significant after controlling 

for potential confounders (p=0.02).  SGA children whose mothers left school before 17 

years of age and did not attend university had significantly lower FSIQ scores than SGA 

children of mothers who had attended university, with a difference of 6.78 IQ points 

(95% CI: -11.62, -1.94).    

Similar to FSIQ, VIQ at 7 years was significantly associated with maternal education at 

birth (Table 84).  After adjustment in the multivariable model this relationship remained 

highly significant (p=0.004).  SGA children whose mother left school before 17 years of 

age and did not attend university had significantly lower verbal intelligence scores than 

SGA children whose mother attended university, with a difference of 9.39 IQ points 

(95% CI: -14.88, -3.90).  SGA children whose mothers left school aged 17 years or 

older and did not attend university also had significantly lower VIQ scores than SGA 

children whose mothers attended university (-6.37 points; 95% CI: -11.09, -1.65). 

PIQ scores at 7 years were significantly associated with maternal education at birth 

(Table 85), with lower maternal education associated with lower PIQ scores (p=0.001).  

This association was no longer significant, however, after adjustment for potential 

confounders (p=0.59). 

6.5.2.2 Paternal education 

Paternal education at birth was significantly associated with FSIQ scores in SGA 

children at 7 years (Table 83). This association remained highly significant after 

adjustment in the multivariable model (p<0.001).  SGA children of fathers who left 

school before 17 years of age and did not attend university had significantly lower FSIQ 

scores than SGA children whose fathers attended university with a difference in IQ 

points of 10.42 (95% CI: -15.07, -5.77). 

Paternal education was also significantly associated with VIQ at 7 years (Table 84).  

This relationship remained highly significant (p<0.001) after controlling for gender, 

gestation, family and socioeconomic factors.  SGA children whose fathers left school 
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before 17 years of age and did not attend university had significantly lower VIQ scores 

than SGA children whose fathers attended university, with a difference in IQ of 10.13 

points (95% CI: -14.93, -5.33).  Similarly, SGA children whose fathers left school at 17 

years or older and did not attend university had significantly lower VIQ than SGA 

children whose fathers attended university, with a difference of 5.52 IQ points (95% CI: 

-10.09, -0.95). 

Children’s PIQ scores at 7 years were also significantly associated with paternal 

education at birth (Table 85).  This association remained significant after adjustment for 

potential confounders (p=0.001).  Children whose fathers attended university had 

significantly higher PIQ scores than children whose fathers left school before 17 years 

of age and did not attend university, with a difference of 8.71 IQ points (95% CI: 3.26, 

14.16).         

6.5.2.3 Parental Occupation 

Parental occupational status at birth and at 7 years was significantly associated with 

FSIQ at 7 years in SGA children (Table 86) with lower occupational status associated 

with lower FSIQ scores.  For consistency with the total sample analyses, parental 

occupation at 7 years was examined in the multivariable model.  At 7 years, parental 

occupation was not significantly associated with FSIQ at 7 years, after adjusting for 

potential confounders (p=0.77). 

VIQ scores in SGA children at 7 years were significantly associated with parental 

occupational status (p<0.001) (Table 87).  Children whose parents had low or medium 

occupational status had significantly lower VIQ scores than children whose parents had 

high occupational status.  This relationship did not remain significant, however, after 

controlling for gender, gestation, family and other socioeconomic factors (p=0.63).  

There was evidence of an association between parental occupational status and PIQ 

scores in SGA children (p=0.07) (Table 88), but this association was not significant in 

the multivariable model (p=0.96).     

6.5.2.4 Parental Income 

Parental income at birth and at 7 years was significantly associated with FSIQ at 7 years 

in SGA children (Table 86).  For consistency reasons, parental income at 7 years was 

used in multivariable analyses.  Lower parental income was negatively associated with 
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FSIQ in SGA children.  This association was no longer significant after controlling for 

potential confounders (p=0.30). 

VIQ scores at 7 years were significantly associated with parental income at 7 years 

(Table 87), and this association remained significant in multivariable analysis (p=0.04).  

SGA children whose family’s income was more than $100,000 per year had 

significantly higher VIQ scores than children of parents whose household income was 

less than $50,000 per year (7.56 points; 95% CI: 1.99, 13.13).  Similar to FSIQ, an 

association was found between parental income at 7 years and PIQ scores at 7 years in 

SGA children (Table 88), however, this association was no longer significant in the 

multivariable model (p=0.73). 

6.5.2.5 Maternal Marital Status  

At 7 years, 17 percent of SGA children lived in single mother families.  Most children 

(76%) lived with their biological parents, and of these 68 percent of couples were 

married, while eight percent were in de facto relationships. 

Maternal marital status at 7 years was significantly associated with FSIQ at 7 years in 

the SGA group (p=0.01) (Table 89).  Children who lived with single mothers, or whose 

mothers were living with a new partner, had significantly lower FSIQ scores than 

children whose biological parents were married.  The association between parental 

marital status and FSIQ, however, was no longer significant in the multivariable model 

(p=0.23). 

Similar to FSIQ, an association was found between parental marital status and verbal 

intelligence scores (p=0.04) at 7 years in SGA children (Table 90).  After adjustment for 

potential confounders, this relationship was no longer significant (p=0.33).  

Performance IQ at 7 years in SGA children was also marginally associated with marital 

status (Table 91), but this association did not remain significant in the multivariable 

model (p=0.34). 

6.5.2.6 Birth Order 

At 7 years of age, only 17 percent of SGA children did not have siblings.  Birth order 

was not significantly associated with FSIQ scores in SGA children (Table 89). 
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VIQ was associated with having birth order at 7 years (Table 90) and this association 

remained significant after controlling for potential confounders (p=0.02). The reference 

group for this analysis was children with no siblings, unlike the analysis for the total 

sample where the reference group was first born children.  SGA children with no 

siblings at 7 years had significantly higher VIQ scores compared with SGA children 

who were the youngest child, with a difference of 10.19 points (3.92, 16.46).  There was 

no association found between PIQ and having siblings at 7 years of age (Table 91).    

6.5.3 Postnatal Factors 

6.5.3.1 Maternal Perceived Stress  

There was no association found between maternal perceived stress at birth or at 3.5 

years and FSIQ at 7 years in SGA children (Table 92).  Maternal perceived stress at 7 

years was associated with FSIQ at 7 years in univariate analysis (Table 92), with higher 

stress associated with lower FSIQ scores (p=0.03).  After adjusting for potential 

confounders, however, this association was no longer significant (p=0.18). 

Maternal perceived stress at birth of SGA child was not associated with VIQ scores 

(Table 93).  Maternal perceived stress at 3.5 years showed evidence of a marginally 

significant association (p=0.10) with VIQ, however, this association was no longer 

significant in multivariable analysis.  Similar to FSIQ, an association was found 

between children’s VIQ and maternal stress at 7 years in SGA children (Table 93), 

however, this association was not significant after adjustment in the multivariate model 

(p=0.08).  PIQ at 7 years in SGA children was not related to maternal perceived stress at 

birth, 3.5 years or 7 years (Table 94). 

6.5.3.2 Maternal Social Support  

Social support measures at birth, 1 year, 3.5 years and 7 years were not associated with 

FSIQ in SGA children at 7 years (Table 95). 

VIQ scores at 7 years in SGA children were not associated with maternal social support 

at birth, 1 year, 3.5 years, or 7 years (Table 96).  Social support measures were also not 

associated with PIQ scores at 7 years (Table 97).  
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6.5.3.3 Social Support and Stress  

No associations were found between FSIQ scores at 7 years and combined maternal 

stress and social support measures at the birth of the child, at 3.5 years and 7 years in 

the SGA group (Table 98). 

Similar to FSIQ, VIQ scores at 7 years were not significantly associated with combined 

maternal stress and social support measures at birth or at 7 years (Table 99).  There was 

evidence of a marginal association between combined maternal stress and social support 

at 3.5 years and VIQ at 7 years (p=0.09).   This association remained significant in 

multivariable analysis (p=0.05).  In particular, children whose mothers had high stress 

and low social support had significantly higher VIQ scores than children whose mothers 

had high stress and high social support.  No associations were found between SGA 

children’s PIQ at 7 years and combined maternal stress and social support measures at 

birth, 3.5 years and 7 years (Table 100). 

6.5.3.4 Breastfeeding 

Very few SGA children (5%) were not breastfed (Table 101).  Breastfeeding was not 

associated with FSIQ at 7 years in SGA children (Table 101).  Breastfeeding duration 

was significantly associated with FSIQ at 7 years in SGA children, with no 

breastfeeding and shorter durations of breastfeeding being associated with lower FSIQ 

scores (p=0.02).   This association was not significant, however, in the adjusted analysis 

(p=0.13).  Exclusive breastfeeding was not associated with FSIQ at 7 years. 

Whether a child had been breastfed was not related to VIQ scores at 7 years in the SGA 

group (Table 102).  Similar to FSIQ, breastfeeding duration was positively associated 

with VIQ at 7 years (Table 102), however, this association was no longer significant 

after adjustment for potential confounders (p=0.39).  Exclusive breastfeeding was also 

not associated with verbal intelligence scores at 7 years (Table 102). 

Breastfeeding was marginally associated with PIQ in SGA children (p=0.08) and this 

association was significant after adjustment for potential confounders (p=0.03) (Table 

103).  SGA children who were breastfed had higher PIQ scores at 7 years compared 

with SGA children who were not, with a difference of 7.25 IQ points (95% CI: 0.80, 

13.70).  Duration of breastfeeding was also marginally associated with PIQ at 7 years 

(Table 103) and this association remained significant in the multivariable analysis 
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(p=0.03).  SGA children who were not breastfed had lower PIQ scores than SGA 

children who were breastfed for longer than 12 months (-11.34 points; 95% CI: -19.63, -

3.83).  Exclusive breastfeeding was not significantly associated with performance IQ at 

7 years (Table 103). 

6.5.3.5 Pacifier Use 

More than half of the SGA children in the study (53%) used a pacifier in the first year 

of life.  Pacifier use during the first year of life was not associated with FSIQ (Table 

101), VIQ (Table 102), or PIQ (Table 103) at 7 years in the SGA group. 

6.5.3.6 Developmental Delay 

One or more developmental delays were found in 34 percent of SGA children at 1 year 

of age (Table 104).  Having one or more developmental delays was not significantly 

associated with FSIQ at 7 years (Table 104) in this group of children.  Having one or 

more development delays at 1 year was also not associated with VIQ scores (Table 105) 

or PIQ scores (Table 106). 

When SGA children were reclassified into three groups, 13 percent were found to have 

two or more developmental delays at 1 year, 20 percent had one delay and 67 percent 

who had no developmental delays (Table 104). These new developmental delay groups 

were also not significantly associated with FSIQ (Table 104), VIQ (Table 105) or PIQ 

scores (Table 106) at 7 years. 

6.5.3.7 Iron Status 

3.5 Years 

Blood result information from the 3.5-year phase was available for 175 SGA children 

who participated at 7 years.   Six children (3%) had anaemia based on a cut-off value 

for Hb concentration of <112 g/L.   Children’s Hb at 3.5 years was not associated with 

FSIQ at 7 years in the SGA group (Table 107).  Anaemia at 3.5 years was also not 

significantly associated with VIQ (Table 108) or PIQ (Table 109) at 7 years in SGA 

children. 

Of those SGA children that attended the 7 year phase, 18 children (10%) had an 

abnormal red cell distribution width (RDW) of more than 14% at 3.5 years of age.  
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RDW at 3.5 years was not associated with FSIQ (Table 107), VIQ (Table 108) or PIQ 

(Table 109) in the SGA group at 7 years. 

7 Years 

At 7 years, 98 of the 241 SGA children (41%) had blood samples taken.  Of these 

children, seven percent (n=7) had abnormal Hb concentrations of less than 118 g/L.  Hb 

concentration at 7 years was not associated with FSIQ (Table 110) at 7 years.  There 

was also no association between Hb at 7 years and VIQ (Table 111) or PIQ (Table 112) 

at 7 years in the SGA group. 

Serum ferritin at 7 years was not associated with FSIQ (Table 110), VIQ (Table 111) or 

PIQ (Table 112) at 7 years in the SGA group.  Similarly, tranferrin saturation at 7 years 

was not associated with FSIQ (Table 110), VIQ (Table 111) or PIQ (Table 112) at 7 

years in SGA children. 

6.5.4 Dietary Factors 

6.5.4.1 Descriptive Dietary Patterns 

The dietary patterns of SGA children at 3.5 years and at 7 years were similar to those 

found for the total sample.  Food frequency information for foods (examined in 

association with intelligence) is reported in Table 113, Table 115 and Table 118.  

Results of χ2 (chi-square) statistics examining the difference in food frequency between 

SGA and AGA children at 3.5 years found that SGA children were significantly less 

likely than AGA children to eat processed meats weekly (SGA 30% vs. AGA 51%, χ2 = 

7.85, p=0.005).  SGA children were also significantly less likely than AGA children to 

drink water two or more times per day (SGA 22% vs. AGA 36%, χ2 = 4.46, p=0.03).  

At 7 years, SGA children were significantly less likely to drink low fat milk daily (SGA 

7% vs. AGA 13%, χ2= 5.56, p=0.02) and significantly less likely to drink standard milk 

daily (SGA 61% vs. AGA 70%, χ2= 5.42, p=0.02).  SGA children were significantly 

more likely to drink soft drinks daily (SGA 1% (n=8) vs. AGA 0.008% (n=3), χ2= 4.71, 

p=0.03). 
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3.5 Years 

Eating fruit two or more times a day at 3.5 years was associated with total IQ in SGA 

children at 3.5 years as measured by the Stanford Binet (Table 113). In multivariable 

analysis, however, this association was no longer significant (p=0.15).  Eating two or 

more servings of fruit a day at 3.5 years was not associated with Total IQ at 3.5 years in 

SGA children (Table 113). 

7 Years 

There was no association between eating fruit two or more times a day at 7 years and 

FSIQ at 7 years (Table 115) in SGA children.  Eating two or more servings of fruit per 

day at 7 years was positively associated with FSIQ at 7 years (Table 115) in SGA 

children.  After adjusting for potential confounders, however, there was no significant 

association found (p=0.51). 

There was no association between eating fruit two or more times a day and VIQ scores 

(Table 116).  Similar to FSIQ, there was a positive association found between eating 

two or more servings of fruit a day at 7 years and VIQ (p=0.02) (Table 116), but no 

association was found in the multivariable model (p=0.47). 

There was no association between eating fruit two or more times a day and performance 

IQ at 7 years (Table 117).  Similar to VIQ, there was evidence of a marginally 

significant association between PIQ at 7 years and eating two or more servings of fruit 

per day per day at the same age (p=0.10) (Table 117), however this was not robust to 

adjustments for potential confounders (p=0.59). 

6.5.4.2 Vegetables 

3.5 Years 

Eating vegetables two or more times per day at 3.5 years was not associated with total 

IQ at 3.5 years in SGA children (Table 113).  Eating two or more servings of vegetables 

a day at 3.5 years was associated with total IQ at 3.5 years (p=0.04) (Table 113).  SGA 

children who ate two or more servings of vegetables at 3.5 years had significantly lower 

total IQ scores than SGA children who did not.  However, this association was no 

longer significant in multivariable analysis (p=0.12). 
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7 Years 

Eating vegetables three or more times per day at 7 years was not associated with FSIQ 

at 7 years in SGA children (Table 115).  There was evidence of a marginally significant 

association between eating the recommended three or more servings of vegetables per 

day at 7 years and FSIQ at the same age (p=0.06) (Table 115).  There was no 

association found, however, once the analysis had adjusted for gender, gestation, family 

and socioeconomic factors (p=0.44). 

Eating vegetables three or more times per day at 7 years was not associated with VIQ at 

7 years in SGA children (Table 116). There was also no association between eating the 

recommended vegetable servings per day at 7 years and VIQ scores in the SGA group 

(Table 116). 

Performance IQ at 7 years was not associated with eating vegetables three or more 

times a day at 7 years (Table 117). There was a significant association found between 

PIQ and the consumption of the recommended number of vegetable servings per day at 

7 years (p=0.03) (Table 117).  SGA children who did not eat the recommended number 

of servings of vegetables per day had significantly higher PIQ scores compared with 

those children who did.  This association was no longer significant, however, after the 

adjustment of potential confounders (p=0.34). 

6.5.4.3 Breads and Cereals 

3.5 Years 

Eating breads and cereals four or more times a day at 3.5 years was not associated with 

total IQ at 3.5 years in SGA children (Table 113).  There was also no association found 

between total IQ at 3.5 years and breads and cereals at 3.5 years, when this food group 

was reclassified into number of times eaten per day (p= 0.65) (Table 114). 

7 Years 

Only three SGA children at 7 years ate breads and cereals five or more times a day.  

Therefore eating breads and cereals four or more times a day was examined in relation 

to IQ at 7 years.  At this age, 10 children (4%) had breads and cereals four or more 

times a day.  Eating breads and cereals four or more times a day at 7 years was 



 174

associated with FSIQ in univariate analysis (Table 115).  SGA children who did not eat 

breads and cereals at this level had significantly lower FSIQ scores compared with SGA 

children who did.  There was no association found, however, when the analysis 

controlled for confounders (p=0.20).  Similarly, VIQ was associated with eating breads 

and cereals four or more times per day at 7 years in SGA children (Table 116), 

however, this association was no longer significant in the multivariable analysis 

(p=0.11).  There was no association between PIQ and eating breads and cereals four or 

more times a day at 7 years in the SGA group (Table 117).  

6.5.4.4 Meat, Chicken, Eggs and Fish 

3.5 Years 

Total IQ at 3.5 years in SGA children was not associated with daily consumption of 

meat, chicken, eggs or fish at 3.5 years (Table 113). 

7 Years 

Daily consumption of meat, chicken, eggs or fish at 7 years was not associated with 

FSIQ (Table 115), VIQ (Table 116), or PIQ scores (Table 117) at 7 years in SGA 

children. 

6.5.4.5 Milk and Dairy Products 

3.5 Years 

Twice daily consumption of milk and dairy products at 3.5 years was not associated 

with total IQ at 3.5 years (Table 113). 

7 Years 

In SGA children FSIQ (Table 115), VIQ (Table 116) and PIQ scores (Table 117) at 7 

years were not associated with twice daily milk and dairy product consumption at the 

same age. 
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6.5.4.6 Red Meat 

3.5 Years 

Eating red meat two or more times a week at 3.5 years was not associated with total IQ 

at 3.5 years in SGA children (Table 118). 

7 Years 

FSIQ at 7 years in SGA children was not associated with eating red meat two or more 

times a week at 7 years (Table 119).  VIQ (Table 120) or PIQ scores (Table 121) were 

also not associated with eating red meat two or more times a week at 7 years in this 

group.  

6.5.4.7 Fish 

3.5 Years 

Weekly fish consumption at 3.5 years was not associated with total IQ at 3.5 years in 

SGA children (Table 118). 

7 Years 

There was evidence of a marginally significant association between weekly fish 

consumption at 7 years and FSIQ in SGA children (p=0.06) (Table 119).  SGA children 

who ate fish weekly had higher FSIQ scores compared with children who did not.  This 

association did not remain significant, however, after adjustment for potential 

confounders (p=0.62).  VIQ scores were not significantly associated with weekly fish 

consumption at 7 years in SGA children (Table 120).  Similar to FSIQ , there was a 

marginally significant association found between eating fish weekly and PIQ (Table 

121), however no association was found for the SGA group in the multivariable model 

(p=0.99). 

6.5.4.8 Fatty Fish  

3.5 Years 

Eating fatty fish at least weekly at 3.5 years was not associated with total IQ at 3.5 years 

in SGA children (Table 118). 
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7 Years 

No associations were found between eating fatty fish at least weekly at 7 years and 

FSIQ (Table 119), VIQ (Table 120) or PIQ scores (Table 121) at 7 years in SGA 

children. 

6.5.4.9 Margarine 

3.5 Years 

Margarine was consumed daily by 47 percent of SGA children at 3.5 years.  Daily 

margarine consumption at 3.5 years was significantly associated with total IQ at 3.5 

years in SGA children (Table 118).  This association remained significant in 

multivariable analysis (p=0.003).  SGA children who ate margarine at least daily at 3.5 

years had significantly lower total IQ scores than SGA children who did not, with a 

difference of 4.14 IQ points (95% CI: -6.83, -1.45). 

7 Years 

At 7 years, 29 percent of SGA children consumed margarine daily.  A poor to moderate 

association was found between daily margarine consumption at 3.5 and 7 years in the 

SGA group of children (Kappa=0.33). Daily margarine consumption at 7 years was 

significantly associated with FSIQ at 7 years in SGA children (Table 119).  This 

association remained highly significant in multivariable analysis (p=0.001).  SGA 

children who ate margarine daily at 7 years had significantly lower FSIQ scores than 

SGA children who did not, with a difference of 6.06 IQ points (95% CI: -9.73, -2.39).  

Daily margarine consumption at 7 years was also significantly associated with verbal 

intelligence at the same age in SGA children (Table 120).  Once again, this association 

remained significant after adjustment for gender, gestation, family and socioeconomic 

status (p=0.01).  SGA children who consumed margarine daily had significantly lower 

verbal intelligence scores than SGA children who did not, with a difference of 4.94 IQ 

points (95% CI: -8.82, -1.06).  PIQ was also significantly associated with consumption 

of margarine at least daily at 7 years of age (Table 121).  This association remained 

significant after the adjustment for potential confounders (p=0.002).  SGA children who 

ate margarine daily at 7 years had significantly lower PIQ scores compared with SGA 

children who did not, with a difference of 6.16 IQ points (95% CI: -10.06, -2.26,).    
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6.5.4.10 Butter 

3.5 Years 

Butter was consumed daily by 36 percent of SGA children at 3.5 years.  Daily butter 

consumption at 3.5 years was significantly associated with total IQ at the same age in 

SGA children (Table 118).  The association remained significant after adjustment for 

gender, gestation, family and socioeconomic status (p=0.02).  SGA children who ate 

butter at least daily had significantly higher total IQ scores than SGA children who did 

not, with a difference of 3.55 IQ points (95% CI: 0.55, 6.55).  This association did not 

remain significant when eating margarine daily was added to the multivariable model 

(p=0.26).  In this model, however, daily margarine consumption remained significantly 

associated with total IQ (p=0.02). 

7 Years 

At 7 years, butter was consumed daily by 19 percent of SGA children.  No associations 

were found between daily butter consumption at 7 years and FSIQ (Table 119), VIQ 

(Table 120) or PIQ (Table 121) in SGA children. 

6.5.4.11 Blended Spread 

7 Years 

At 7 years, blended spreads were consumed daily by 22 percent of SGA children.  Daily 

blended spread consumption at 7 years was associated with FSIQ at 7 years (p=0.01) 

(Table 119). Children who ate blended spreads at least daily had significantly higher 

FSIQ scores compared with children who did not.  This association did not reach 

statistical significance (p=0.07), however, in multivariable analysis.  There was 

evidence of a marginally significant association between VIQ and daily blended spread 

consumption at 7 years in SGA children (Table 120), however, there was no association 

found after the adjustment for potential confounders (p=0.43).  Similar to FSIQ, PIQ 

was significantly associated with daily blended spread consumption at 7 years (Table 

121).  This association remained significant in multivariable analysis (p=0.03).  SGA 

children who did not consume blended spreads at least daily had significantly lower PIQ 

scores than SGA children who did, with a difference of 5.37 IQ points (95% CI: -10.17, 

-0.57).  This association did not remain significant when eating margarine daily at 7 
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years was added to the multivariable model (p=0.15).  In this model, however, daily 

margarine consumption remained significantly associated with PIQ (p=0.01). 

6.5.4.12 Vitamin and Mineral Supplements 

3.5 Years 

Daily vitamin and/or mineral supplement use at 3.5 years was not associated with total 

IQ at 3.5 years in SGA children (Table 118).  Weekly vitamin and/or mineral 

supplementation at 3.5 years were also not associated with total IQ at 3.5 years (Table 

118). 

7 Years 

No associations were found between both daily or weekly vitamin and/or mineral 

supplementation at 7 years and FSIQ (Table 119), VIQ (Table 120) or PIQ (Table 121) 

at the same age in SGA children. 

6.6 Summary of factors found to be associated with 
intelligence at 7 years 

Table 123 shows a list of all the factors found to be significantly associated with FSIQ, 

VIQ or PIQ in either the total sample or the SGA group in multivariable analyses.  One 

final set of regression analyses was conducted for IQ measures at 7 years.  These 

analyses were undertaken to examine which variables remained significantly associated 

with FSIQ, VIQ or PIQ, when all significant variables were added to a final model.  The 

following variables were excluded from these analyses: variables with a substantial 

amount of missing data (i.e. child haemoglobin at 3.5 years); variables with small 

numbers of subjects in certain categories; and developmental delay at 12 months as this 

may be a measure of IQ.  Breastfeeding and breastfeeding duration were significantly 

associated with PIQ in the SGA group.  Two separate analyses were undertaken for 

these two breastfeeding variables as they were highly correlated. 

All factors previously found to be associated with FSIQ in the total sample, remained 

significantly associated in the final multivariable model (Table 123).  In the total 

sample, alcohol use in the first month of pregnancy, parental education, and social 

support at 1 year remained significantly associated with VIQ.  The association between 
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weekly fish consumption at 7 years and VIQ was of borderline significance (p=0.06).  

Parental occupation at 7 years was no longer statistically associated with VIQ (p=0.08).  

Similarly, VIQ was not associated with alcohol use in the last month of pregnancy 

(p=0.22).  Both weekly fish consumption at 7 years and birth order at 7 years remained 

significantly associated with PIQ in the total sample.  The association between PIQ and 

maternal marital status was of borderline significance (p=0.06).  However, social 

support at 1 year was found to be no longer statistically significantly associated with 

PIQ (p=0.10).  

Factors found to be significantly associated with FSIQ in SGA group were maternal 

education, paternal education and daily margarine consumption at 7 years (Table 123).  

In the SGA group, VIQ remained significantly associated with maternal education, 

paternal education, and daily margarine consumption at 7 years.  The association 

between the following variables and VIQ were no longer significant: stress and social 

support at 3.5 years (p=0.21); parental income at 7 years (p=0.08); and birth order at 7 

years (p=0.09).  PIQ scores in the SGA group were significantly associated with daily 

margarine consumption at 7 years and paternal education.  The association between PIQ 

and breastfeeding was no longer significant (p=0.17), nor was the association between 

PIQ and daily blended spread consumption (p=0.17).  In the second model, the 

association between breastfeeding duration and PIQ was of borderline significance 

(p=0.06), while all other results remained the same.   

In order to test whether subjects in the final multivariable models were comparable with 

the study population, two further analyses were conducted for the total sample and the 

SGA group.  The first set of analyses compared those subjects in the final FSIQ models 

described above, with all NZ European subjects who were not in the final model, 

including those subjects who did not attend at the 7 year phase.  A second set of 

analyses compared those subjects in the final FSIQ model with all subjects who 

completed WISC-III tests at 7 years.   

For the total sample, mothers who were not in the final model (including those who did 

not attend at 7 years) were more likely to have had a baby born SGA, smoked during 

pregnancy, had lower social support during pregnancy, had lower school leaving ages, 

lower socioeconomic status (at birth), were in single or de facto relationships (at birth of 

child) and were younger when the child was born.  Subjects in the final model 
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compared with those who were not, did not differ in relation to maternal stress during 

pregnancy, the gender of the child, gestational age, father’s school leaving age or parity.  

The findings were very similar for the SGA group.  Mothers who were not in the final 

model (including those who did not attend at 7 years) were more likely to have smoked 

during pregnancy, had lower school leaving ages, lower socioeconomic status (at birth), 

were in single or de facto relationships (at birth of child) and were younger when the 

child was born.  However, there were no differences in relation to maternal stress during 

pregnancy, social support during pregnancy, the gender of the child, gestational age, 

father’s school leaving age or parity. 

In the second set of analyses, for the total sample, mothers who attended the 7 year 

phase but who were not in the final FSIQ model were more likely to have smoked 

during pregnancy, had lower school leaving ages, lower socioeconomic status (at birth) 

and were in single or de facto relationships (at birth of child).  There were no 

differences, however, in maternal stress during pregnancy, maternal social support 

during pregnancy, maternal age (at birth), SGA status, the gender of the child, 

gestational age, father’s school leaving age, or parity.  These results were exactly the 

same for the SGA group. 

6.6.1 Confounders  

Children’s current BMI and maternal BMI at birth were added to the main multivariable 

model in analyses examining the association between dietary patterns and intelligence 

scores.  At 3.5 years, children’s mean BMI was 16.3 (SE=0.07).  The mean BMI at 7 

years was 16.8 (SE=0.11).  Mean maternal BMI at birth was 23.2 (SE=0.24).  After 

adjustment in multivariable analysis, children’s BMI at 3.5 years and maternal BMI at 

birth were not significantly associated with total IQ at 3.5 years in the total sample 

(Table 122).  Similarly, children’s BMI at 7 years, and maternal BMI at birth were not 

associated with FSIQ, VIQ or PIQ in the total sample (Table 122). 

6.6.2 Interaction Analyses 

Analyses were performed to determine whether there were significant interactions 

between birthweight (SGA and AGA) groups and each explanatory variable in Table 
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123.  Results of interaction analyses are presented for FSIQ, VIQ and PIQ at 7 years 

only, as there were no significant interactions found for total IQ at 3.5 years. 

6.6.2.1 Full-scale IQ 

There was a significant interaction between birthweight group (SGA, AGA) and daily 

margarine consumption (daily, not daily) at 7 years (F=5.90, p=0.02).  As shown in 

Table 119, SGA children who ate margarine daily had significantly lower FSIQ scores 

than SGA children who did not (-6.06 points).  In the AGA group the results were in the 

same direction (-0.22 points), however this association was non-significant. 

A significant interaction was found between birthweight group (SGA, AGA) and social 

support at 1 year (low, normal/high) (F=4.89, p=0.03).  Low maternal social support at 

1 year was significantly associated with lower FSIQ scores in AGA children (-3.62 IQ 

points) compared with high maternal social support at 1 year.  Maternal social support 

at 1 year was not significantly associated with FSIQ scores in SGA children and the 

effect was in the opposite direction, with low social support being associated with 

higher FSIQ scores (1.72 IQ points).    

6.6.2.2 Verbal IQ 

A significant interaction was found between birthweight groups and drinking any 

alcohol in the first month of pregnancy (yes, no) (F=4.35, p=0.04).  Drinking any 

alcohol during the first month of pregnancy was associated with higher VIQ scores in 

AGA children (+3.80 points), compared with AGA children whose mothers did not 

drink alcohol.  There was no association, however, between drinking any alcohol in the 

first month of pregnancy and VIQ in SGA children (-0.53 points, p=0.77).   

Similar to FSIQ, a significant interaction was found between birthweight group and 

maternal social support at 1 year (low, normal/high) (F=4.49, p=0.03).  Low maternal 

social support at 1 year was significantly associated with VIQ scores in AGA children (-

4.20 points) but not SGA children (+2.18 points, p=0.29) (p=0.03). 

A significant interaction was found between birthweight groups and maternal pregnancy 

haemoglobin (<110 g/L, >110 g/L) (F=3.92, p=0.05).  AGA children whose mothers had 

anaemia during pregnancy had significantly lower VIQ scores (-11.26 points) than 
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AGA children whose mothers did not.  Anaemia in pregnancy was not associated with 

lower VIQ scores in SGA children (-1.32 points, p=0.64).     

6.6.2.3 Performance IQ 

A significant interaction was found between birthweight group (SGA, AGA) and 

margarine consumption at 7 years (daily, not daily) (F=5.23, p=0.02).  As with FSIQ, 

daily margarine consumption was only associated with lower PIQ scores in the SGA 

group compared with the AGA group. 
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7 Discussion  

This chapter begins by first describing the main strengths and limitations of the current 

study.  Study strengths and limitations that are related to specific factors are also 

discussed, where appropriate, throughout this chapter.  Secondly, the descriptive 

intelligence results are briefly discussed.  Thirdly, the factors found to be significantly 

associated with intelligence are reviewed, followed by the factors that were not 

associated with intelligence.  Finally, the study’s general findings are described under 

three overall themes: the importance of the postnatal environment; small-for-gestational 

age (SGA) children and the risk of impaired cognitive development; and children’s 

dietary patterns. 

7.1 Strengths and Limitations of the Study 

One major limitation of the present research was that the analyses were restricted to 

New Zealand (NZ) European families, due to the lower participation rates of non-NZ 

European (e.g. Maori and Pacific Island) families at the 3.5-year assessment phase.  The 

information that was collected on the small number of non-NZ European respondents 

was not included in the present analyses because this group was considered to be 

potentially unrepresentative.  Differences in family ethnicity according to cognitive 

ability however have been investigated in one NZ longitudinal study based in 

Christchurch.  Fergusson and associates (1991) found that Maori and Pacific Island 

children scored significantly lower on tests of verbal intelligence and measures of 

achievement (e.g. reading comprehension and mathematical ability).  Importantly, when 

the analyses were adjusted for a range of socioeconomic factors, the differences 

between the ethnic groups were no longer significant (Fergusson, Lloyd, & Horwood, 

1991).  This suggests that intelligence scores in New Zealand do not differ according to 

ethnicity if appropriate social and environmental factors are controlled for in analyses.  

It is also important to note that fewer Maori and Pacific Island families live in the South 

Island of NZ, where the Christchurch study is based, compared with the North Island 

where the ABC study is based.   Therefore, the applicability of the Christchurch 

findings to the present study may be somewhat limited. 
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A second limitation of the present study was that NZ European mothers who 

participated at the 7-year assessment phase, compared with NZ European mothers who 

did not participate, were more likely to have higher socioeconomic status, higher 

education, to be married, older, less likely to have smoked, had better social support 

during pregnancy and were less likely to have had a baby born SGA.  Therefore the loss 

to follow-up was selective.  Furthermore, when subjects in the final multivariable model 

were compared to those subjects who took part at 7 years but were not in the model, 

mothers who were not in the model were more likely to have smoked during pregnancy, 

had lower school leaving ages, lower socioeconomic status (at birth) and were in single 

or de facto relationships (at birth of child).   Due to the selection bias in this study, the 

estimates presented are likely to be conservative. This may result in an underestimation 

of effects, such as the effect of parental education, on children’s intelligence scores. 

There are a number of strengths of the present study.  Firstly, this sample contained a 

large number of children born SGA.  This allowed for comparisons to be made between 

children born SGA and children born AGA.  It also allowed for the investigation of 

factors associated with intelligence in the SGA group alone.  In addition, the use of 

statistical weighting enabled for the examination of factors related to intelligence in the 

total sample of NZ European children. 

A second strength of this study was that longitudinal data had been collected on a large 

number of variables that were examined in relation to children’s intelligence.  Using 

this large dataset also allowed for the adjustment of many potential confounding social 

and familial factors in order to examine the direct influence of factors, such as SGA 

birth, on intelligence. 

A third strength of this study was the use of the Wechsler Intelligence Scale for 

Children – Third Edition (WISC-III), which is considered to be one of the best, most 

reliable measures of intelligence.  In the study, data was collected on 11 subtests which 

allowed for the calculation of general, verbal and non-verbal intelligence.    

7.2 Intelligence at 7 Years 

In this section, the descriptive intelligence results will briefly be reviewed.   In this 

study the mean Full Scale IQ (FSIQ) was 110.1, which is above the standardized age 
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norm of 100.  There are a number of reasons that may account for the higher average 

score found in this study.  Firstly, the WISC-III test was published in 1992, but the IQ 

information was collected for the study between December 2002 and February 2005.  

Intelligence test scores increase with time, a phenomenon known as the “Flynn effect” 

(Flynn, 1987).  This effect results in an approximate IQ gain of 3 points per decade 

which is why intelligence tests are updated periodically (Neisser et al., 1996).  

Secondly, as described in the section above, this sample is a low-risk, middle class 

group whose cognitive ability may therefore be higher than that found in more 

disadvantaged samples. 

In this study, intelligence at 3.5 years was moderately correlated with intelligence at 7 

years in SGA children (r=0.51) and AGA children (r=0.59).  Most children’s scores did 

not differ more than 15 IQ points during this period, which is consistent with previous 

longitudinal findings (Caspi, Harkness, Moffitt, & Silva, 1996; Moffitt, Caspi, 

Harkness, & Silva, 1993).  Thus, during middle childhood to adolescence, most 

children’s IQ scores do not change to any significant degree. 

7.3 SGA versus AGA  

In the current study SGA children’s general intelligence scores at 7 years were more 

than two points lower than scores for AGA children.  However, this difference was not 

statistically significant.  Similarly, in studies where differences have been found in 

cognitive ability between SGA and AGA groups, differences in IQ scores have 

normally been less than four points (Paz et al., 2001; Sommerfelt et al., 2000).  Earlier 

studies in this area have been criticized, however, for small sample sizes and inadequate 

control of potentially confounding variables, particularly socioeconomic status (SES).  

As noted previously, one of the strengths of the ABC study is the large number of 

children born SGA.  The collection of a range of socioeconomic and familial factors at 

the ABC study also allowed for the examination of the association between birthweight 

and intelligence while controlling for these potential confounders.   

This current study supports the hypothesis that SGA children’s intelligence scores in 

middle childhood will not be significantly lower than AGA children’s scores.  As noted 

previously, most studies have focused on early childhood and the long-term impact of 

SGA birth on cognition is still unclear.  However, one previous review concluded that 
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when prematurity and other possible confounding factors were controlled for, SGA 

birth no longer appeared to have a negative impact on cognitive outcomes in 

adolescence and adulthood (Hack, 1998).  Most studies on SGA children have been 

undertaken in early childhood.  Measures of cognitive ability, particularly infant 

measures, are less reliable in predicting future cognitive outcomes.  However, children’s 

IQ scores at 7 years of age are generally considered to be good predictors of later 

achievement compared with IQ during the preschool years (Eysenck, 1973).  It was 

therefore important to examine whether SGA birth was associated with children’s 

intelligence in this older age group.  The prediction that no difference in IQ scores at 7 

years would be found between SGA and AGA children in this present study was also 

based on previous ABC study research. As described previously, Slykerman (2005) 

found that SGA status was not significantly associated with developmental delay at 1 

year or intelligence at 3.5 years, after controlling for potential confounders. 

Although no difference was found in general intelligence scores in the present study, 

SGA children had significantly lower verbal intelligence scores (VIQ) compared with 

AGA children in the univariate analysis.  Other studies have also found that SGA 

children are more likely to score lower on measures of verbal ability (Gorman & Pollitt, 

1992; Markestad et al., 1997; Pryor, 1992).  However, in the present study there was no 

association found between SGA status and verbal intelligence once analyses had 

controlled for SES status and familial factors. 

There was no difference in non-verbal intelligence scores between SGA and AGA 

children.  Performance IQ (PIQ) and Verbal IQ (VIQ) are considered to measure 

different aspects of cognitive ability (Kaufman, 1994; Thorndike, Hagen, & Sattler, 

1986) and therefore were analysed separately in this study.  PIQ or non-verbal 

intelligence has been associated with biological factors, and VIQ or verbal intelligence 

is considered to be influenced more by environmental factors (Kaufman, 1994).  Our 

study found, however, that being born SGA was not associated with either verbal or 

non-verbal intelligence at 7 years after adjusting for potential confounders.  

In summary, the findings from the current study support earlier research that has found 

that being born SGA at term does not have a long term negative impact on cognitive 

outcomes (Grantham-McGregor, Fernald, & Sethuraman, 1999; Hack, 1998). 
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7.3.1 The Influence of Environment on SGA Status and Intelligence 

Another aim of this study was to examine whether postnatal, environmental or dietary 

factors associated with intelligence differed for SGA and AGA children.  Interestingly, 

of the factors studied in this thesis, more factors were found to be significantly 

associated with intelligence in the total sample than in the SGA group.  One reason for 

this may be the increased power to detect significant differences due to the sample size 

being bigger in the total sample compared with the SGA group alone.   

Results from interaction analyses showed that, in the current study, low maternal social 

support at 1 year was associated with significantly lower general and verbal intelligence 

scores in AGA but not SGA children.  Maternal anaemia in pregnancy (based on lowest 

pregnancy haemoglobin measurement) was also significantly associated with lower 

verbal intelligence scores in AGA but not SGA children.  Drinking any alcohol in the 

first month of pregnancy and drinking any alcohol in the last month of pregnancy was 

significantly associated with higher verbal intelligence scores in AGA children but not 

SGA children.  Being the oldest child was associated with higher verbal intelligence 

scores in AGA children, but being an only child was associated with higher verbal 

intelligence scores in SGA children.  Finally, daily margarine consumption was 

associated with lower general and non-verbal intelligence scores in SGA children.  

These findings suggest that some factors that influence cognitive development may 

differ between AGA and SGA children.  However, SGA children’s intelligence was not 

more vulnerable to poorer socioeconomic or non-optimal parental or familial factors in 

this study.  This finding is consistent with a recent study of nearly 700 children in 

Norway and Sweden (Sommerfelt et al., 2000).  Grantham-McGregor and colleagues 

(1998) found a significant interaction between environment and SGA birth.  However, 

this study was undertaken in a developing country, where issues such as water quality 

and sanitation had an impact on children’s outcomes. 

In the present study, an association was found between dietary factors and SGA 

children’s intelligence.  This association and other significant interactions will be 

discussed further in the following sections that examine factors associated with 

children’s intelligence. 
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7.4 Factors Associated with Intelligence 

A number of pregnancy, socioeconomic, family and dietary factors were found to be 

significantly associated with intelligence measures at 7 years.  The following sections 

will review these factors and compare the results with other research findings in these 

areas. 

7.4.1 Maternal Pregnancy Hypertension  

In the total sample of children, maternal pregnancy hypertension was associated with 

general and non-verbal intelligence.  Children whose mothers had pre-existing or 

chronic hypertension had significantly lower IQ scores, of approximately 20 IQ points, 

compared to children of normotensive mothers.  However, there were only a very small 

number of children (n=8) whose mothers had pre-existing hypertension in this study.  

This is evident in the large confidence intervals found for IQ scores of the pre-existing 

hypertension group.  Due to the small number of children in this group it is difficult to 

conclude from this study that children of mothers who had chronic hypertension during 

pregnancy are at increased risk of lower cognitive functioning.  Pregnancy induced 

hypertension, including both gestational hypertension and preeclampsia, was not 

associated with intelligence at 7 years in the total sample. 

In this study, maternal pregnancy hypertension was not associated with intelligence 

scores in the SGA group.  SGA children whose mothers had pre-existing hypertension 

had IQ scores approximately six points lower than SGA children of normotensive 

mothers.  However, this difference was not statistically significant.  Furthermore, no 

significant interactions were found between birthweight group (SGA, AGA) and 

maternal hypertension. 

Although conclusions cannot be made about the impact of pre-existing hypertension on 

cognitive outcome, this study does suggest that pregnancy-induced hypertension is not 

significantly associated with children’s intelligence in either the total sample or SGA 

children.  This is consistent with other studies that have found no association between 

gestational hypertension or preeclampsia and cognitive measures in early childhood 

(Dias, Piovesana, Montenegro, & Guerreiro, 2005; Martikainen, 1989; Slykerman, 
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2005) middle childhood (Ounsted, Cockburn, Moar, & Redman, 1983) or young 

adulthood (Seidman et al., 1991b) 

7.4.2 Maternal Pregnancy Iron Status 

Nearly half of the mothers in the total sample (45%) took iron supplements during 

pregnancy.  Iron supplementation was not associated with intelligence at 7 years in the 

total sample, or with general and non-verbal intelligence in the SGA group.  Taking iron 

supplements during pregnancy was significantly associated with verbal intelligence in 

SGA children.  However, after adjusting for confounders, this association was no longer 

significant.  Taking anaemia medication during pregnancy was also not associated with 

intelligence at 7 years in the total sample of children or the SGA group.  One limitation 

of this study was that information was not collected on the quantity or timing of 

maternal iron supplementation.  One reason that this information may be important is 

that iron requirements differ during pregnancy, with increasing requirement during the 

second and third trimester (Haram, Nilsen, & Ulvik, 2001; Scholl, 2005).  Consistent 

with the findings from the present study, a recent Australian study (Zhou, Gibson, 

Crowther, Baghurst, & Makrides, 2006) found no association between iron 

supplementation in pregnancy and overall intelligence at 4 years of age.  This study 

(Zhou, Gibson, Crowther, Baghurst, & Makrides, 2006) was the first human 

intervention trial to examine the effect of iron supplementation in pregnancy on 

children’s early development.  In countries such as the United States and France, 

pregnant women are advised to take iron supplements during pregnancy (Zhou, Gibson, 

Crowther, Baghurst, & Makrides, 2006).  In New Zealand, however, maternal iron 

status is screened during pregnancy.  If a woman is found to be iron deficient the iron 

deficiency is then treated (Ministry of Health, 2006).  The results of the current study 

and the Australian study suggest that the general use of iron supplements in pregnancy 

may not be associated with children’s intelligence in preschool or middle childhood, at 

least in developed countries.  However, there is a dearth of information on maternal iron 

supplementation and children’s cognitive outcomes and further research is needed.  

Importantly, studies have found that high levels of haemoglobin and ferritin are 

associated with increased risk of poorer pregnancy outcomes (e.g. low birthweight) 

(Rasmussen, 2001).  Therefore, iron supplementation in pregnancy in relation to child 

outcomes, remains a source of controversy (Scholl, 2005).   
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In the present study, information on mother’s lowest pregnancy haemoglobin level was 

also examined in relation to children’s intelligence at 7 years.  Haemoglobin levels of 

less than 110 g/L were used to define anaemia.  Maternal haemoglobin levels were 

significantly associated with verbal intelligence in the total sample.  Children whose 

mothers were defined as having anaemia during pregnancy had significantly lower 

verbal IQ scores than children whose mothers did not.  However, there were only small 

numbers of anaemic mothers (n=20) in the total sample, therefore these results should 

be interpreted with some caution.  Maternal haemoglobin levels in pregnancy were not 

associated with general or non-verbal intelligence in the total sample.  Nor were they 

associated with intelligence measures in the SGA group of children. 

In this study, there was limited information on maternal iron status.  Furthermore there 

has been debate regarding the use of haemoglobin in pregnancy to measure maternal 

anaemia.  Haemoglobin of 110 g/L is used as a cut-off point for anaemia by the World 

Health Organization (World Health Organization, 1992).  Haemodilution during 

pregnancy, however, makes it difficult to define lower limits of haemoglobin, resulting 

in a lack of agreement regarding what serum haemoglobin level should be used to 

define iron deficiency anaemia (Haram, Nilsen, & Ulvik, 2001).    

If there is a true association between maternal anaemia in pregnancy and children’s 

intelligence at 7 years, it is difficult to determine what the underlying mechanism may 

be.  As previously described, iron deficiency in pregnancy has been associated with iron 

deficiency in infancy.  Mothers who have iron deficiency anaemia in pregnancy have 

also been found to be less responsive to their infants, compared to mothers who have 

been treated for iron deficiency anaemia, or mothers with normal iron status (Perez et 

al., 2005).  Neither iron deficiency in infancy, nor maternal-infant interaction, was 

assessed in the present study.  The results from the present study are consistent, 

however, with previous studies that have found associations between maternal anaemia 

and low IQ (<80 IQ points) at 7 years (Camp, Broman, Nichols, & Leff, 1998; Naeye & 

Peters, 1987). 

The current study found that maternal anaemia in pregnancy was not associated with 

intelligence in SGA children in middle childhood.  Tamura and colleagues (2002) found 

no association between iron deficiency (measured by cord ferritin concentrations) and 

full-scale IQ in SGA children at 5 years of age (Tamura et al., 2002).  The 2002 study 
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did find an association between low ferritin concentrations and both poorer language 

ability (assessed by auditory comprehension of language) and fine-motor skills.  It is 

therefore possible that more specific cognitive and language subskills are affected by 

iron deficiency.   

In summary, nearly half of the mothers in the current study took iron supplements 

during pregnancy, but supplement use was not associated with children’s later 

intellectual functioning.  An association between maternal anaemia and children’s 

verbal intelligence was found, though the mechanism or mechanisms underlying this 

association are presently unclear.  More research in this area is needed, particularly 

using a number of measures of maternal iron status.   

7.4.3 Maternal Alcohol Intake in Pregnancy  

Alcohol consumption during pregnancy was measured in a number of ways including 

intake during the first month of pregnancy, intake during the last month of pregnancy 

and binge drinking at any stage during the pregnancy.  In the present study, 53 percent 

of women reported drinking alcohol during the first month of pregnancy.  This is 

consistent with the 53 percent of NZ women who were reported by Parakel and 

colleagues (2006) as having consumed alcohol during their pregnancies.  In the current 

study, eight percent of women reported drinking more than one alcoholic drink on 

average a day in the first month of pregnancy, and of these only three percent drank 

more than two alcoholic drinks on average per day. 

Contrary to previous research, the current study found that children whose mothers 

drank any alcohol during the first month of pregnancy had significantly higher verbal 

intelligence scores than children whose mothers did not drink any alcohol in this month.  

There was also evidence of a marginal association between maternal drinking of more 

than seven units of alcohol during the first month of pregnancy and verbal intelligence.  

Maternal alcohol use in the first month of pregnancy was also found to be associated 

with general intelligence scores prior to the adjustment of potential confounders.  In the 

SGA group, however, alcohol consumption in the first month of pregnancy was not 

significantly associated with intelligence scores. 
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In the present study, 40 percent of women drank some alcohol in the last month of 

pregnancy.  However, no mother reported drinking more than seven alcoholic drinks a 

week during this time.  Children whose mothers drank any alcohol in the last month of 

pregnancy had significantly higher verbal intelligence scores compared with children 

whose mothers did not drink any alcohol during this time.  However, this association 

was no longer significant in multivariable analysis.  A marginal association was also 

found between drinking any alcohol in the last month of pregnancy and non-verbal 

intelligence scores in the SGA group.  However, this association was also no longer 

significant after adjusting for potential confounders. 

These results are contrary to previous studies that have found that moderate 

consumption of alcohol in pregnancy is associated with poorer cognitive development.  

There are a number of possible explanations for this difference.  Firstly, no significant 

positive associations were found between higher intakes of alcohol in a week (e.g. 15+ 

drinks a week) and intelligence, suggesting that there was no dose response effect of 

alcohol consumption on intelligence.  Therefore the association between low levels of 

alcohol intake and intelligence may be confounded, rather than the result of a causal 

relationship between drinking and higher IQ.  Although multiple regression analyses 

controlled for a number of potential confounders, other factors that were not measured 

may account for the positive associations found (e.g. home environment, maternal IQ).  

Some research suggests that mothers who drink low to moderate amounts of alcohol 

during pregnancy may be different to those who drink large amounts.  For example, 

Mills and Graubard (1987) in a study of 32,870 families, found that mothers who drank 

moderate amounts of alcohol were more likely to be highly educated, White and 

between 20-34 years of age.  In contrast, heavy drinkers were more likely to be less 

educated, African American or Hispanic.   

In the present study, no association was found between binge drinking and intelligence 

in either the total sample or the SGA group of children.  Although information was not 

collected on whether mothers who did binge drink were aware that they were pregnant, 

the majority of reported binge drinking (71%) took place during the first three months 

of pregnancy.  This finding is consistent with other studies that have also found no 

significant association between binge drinking and children’s cognitive development  

(Nulman et al., 2004; Willford, Richardson, Leech, & Day, 2004).  In contrast, heavy 
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binge drinking has been associated with lower IQ.  For example, Bailey and colleagues 

(2004) found that binge drinking at least every two weeks during pregnancy increased 

the risk of children having IQ scores of less than 70 points.  In the present study, the 

frequency of binge drinking was not recorded; therefore habitual binge drinking during 

pregnancy could not be assessed. 

There are two major limitations regarding the collection of alcohol measures in the 

present study.  Firstly, alcohol consumption was only recorded for the first and last 

month of pregnancy (except for binge drinking information).  Therefore the amount of 

alcohol that women drank throughout pregnancy could not be assessed.  The effects of 

the timing of alcohol intake during pregnancy (e.g. first trimester, second trimester, 

third trimester) could also not be adequately assessed.  Secondly, alcohol consumption 

during the first month of pregnancy was based on maternal recall at birth.  Research 

suggests that maternal reported alcohol intake differs depending on whether information 

is collected antenatally or postnatally (S. W. Jacobson, Chiodo, Sokol, & Jacobson, 

2002; S. W. Jacobson, Jacobson, Sokol, Martier, & et al., 1991).  For example, one 

study found that antenatal reports of alcohol consumption were found to be better 

predictors of children’s cognitive outcome, compared with reports given at 13 months 

postpartum.  Finally, like all alcohol and drug research, due to social desirability bias, 

mothers may have under-reported their alcohol consumption. 

In summary, low levels of alcohol intake during pregnancy were significantly 

associated with higher verbal intelligence scores in the total sample of children.  

Moderate intakes of alcohol in the first month of pregnancy (e.g. 15+ units a week) 

were not associated with intelligence scores at 7 years.  The present study did not assess 

heavy habitual drinking.  However, very few women in this study drank more than two 

drinks on average a day, and this was restricted to the first month of pregnancy. 

Previous research shows that heavy drinking causes significant cognitive impairments.  

Due to the restricted range of drinking in this sample, results from this study should not 

be used to define “safe” drinking levels during pregnancy.    

7.4.4 Socioeconomic Status 

In this study paternal education was the strongest SES predictor of children’s 

intelligence scores.  Paternal education at birth was associated with intelligence in both 
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the total sample of children and the SGA group.  In general, children of fathers who had 

attended university had significantly higher intelligence scores than children of fathers 

who had left school before 17 years of age and had not attended university.  Children of 

fathers who attended university also had significantly higher verbal IQ scores than 

children of father who had left school at 17 years or older and had not attended 

university, both in the total sample and the SGA group.  Higher paternal education was 

also associated with higher non-verbal intelligence scores in SGA children.  The only 

intelligence variable that was not significantly associated with father’s education was 

non-verbal intelligence in the total sample.   

Maternal education at the birth of the child was significantly associated with general, 

verbal and non-verbal intelligence in the total sample prior to adjustment of 

confounding variables.  Unlike paternal education, however, maternal education was not 

found to be significantly associated with intelligence in the total sample when analyses 

adjusted for potential confounders.  Maternal education at birth, however, was 

associated with both general and verbal intelligence at 7 years in SGA children after 

analyses controlled for gender, gestation, and other socioeconomic and family factors.  

SGA children of mothers who had attended university had significantly higher general 

and verbal intelligence scores than SGA children of mothers who had left school before 

17 years of age and had not attended university.  However, maternal education was not 

associated with non-verbal intelligence in the SGA group at 7 years after controlling for 

potential confounders. 

Paternal education in this study was a better predictor of children’s intelligence than 

maternal education.  However, when father’s education was removed from the 

multivariable model, maternal education was still not significantly associated with 

intelligence in the total sample of children.  Other studies have often used only maternal 

education (not paternal education) as a measure of parental education.  Longitudinal 

studies of cohorts born between 1920 and 1960, have found that maternal education is a 

stronger predictor of intelligence than paternal education (Kaplan et al., 2001; Mercy & 

Steelman, 1982).  However, studies on more recent cohorts have found that paternal 

education is also an important predictor of children’s cognitive ability (Neiss & Rowe, 

2000; Roberts, Bornstein, Slater, & Barrett, 1999; Sommerfelt, Ellertsen, & Markestad, 

1995).  The present study highlights the importance of studying paternal education in 
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association with children’s cognitive development.  Parke (2004) argued that family 

research has often relegated fathers to the socialization sidelines.  However, fathers play 

an important role in their children’s development.  Changes over the last few decades in 

paternal roles both in the workplace and within the home mean that fathers may spend 

more time in child rearing activities.  Father’s participation in the home may also 

positively affect children’s development in a number of ways, for example, reducing 

maternal stress (Ricciuti & Scarr, 1990). 

Parental occupational status in this study was coded into an indicator of SES, using the 

NZ socioeconomic index.  There was evidence of a marginal association between 

parental occupational status at 7 years and general intelligence scores at 7 years in the 

total sample (p=0.06).  Parental occupation was not associated with verbal or non-verbal 

intelligence in the total sample.  Parental occupational was also not associated with 

intelligence in SGA children in multivariable analysis.   

Findings from the present study suggest that parental education is a stronger SES 

predictor of children’s intelligence compared with parental occupation.  This finding is 

supported by other studies, like Wilson and Matheny (1983) who found that parental 

occupation was no longer significantly associated with children’s IQ after the effects of 

parental education were controlled for.  In contrast, Bradley and colleagues (1987) 

found that parental occupation, but not education or income, was significantly 

associated with infant measures of intelligence.  This study was based, however, on 

only 87 LBW infants and did not examine whether these factors were still associated 

with intelligence in older children.  Moreover other studies that have found associations 

between parental occupation and intelligence have not controlled for parental education 

(e.g. Lawlor et al., 2005). 

Parental income at 7 years was not associated with general, verbal or non-verbal 

intelligence at 7 years in the total sample of children after controlling for potential 

confounders.  General, verbal and non-verbal intelligence scores were not associated 

with parental income at 7 years in the SGA group. 

Children’s poverty status was not examined in this study and research suggests that 

long-term severe poverty may be particularly detrimental to children’s cognitive 

development.  This present study was a low-risk sample of predominantly middle class 
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families.  Only five percent of parents in the total sample were classified as low SES at 

7 years.  Furthermore, the average reported household income (before tax) in New 

Zealand in 2004 was $60,433 (Statistics New Zealand, 2004).  In this sample only 20 

percent of families had a household income of less than, or equal to, $50,000 per annum 

and 60 percent of children lived in households with an average yearly income over 

$70,000.  Therefore the effects of long-term poverty on children’s cognitive 

development could not be examined in this study.  

Taken as a whole, the results from the present study show that the effects of SES factors 

are particularly important for verbal ability.  This finding provides support for other 

studies that have also found that SES measures are associated with children’s language 

development (Dollaghan et al., 1999; Hoff, 2003a).  As described previously, research 

suggests that conversations between mothers and children differ between 

socioeconomic groups.  High SES mothers have been found to talk more, use richer 

vocabulary and sustain children’s conversations longer than middle to low SES mothers 

(Hoff-Ginsberg, 1991, 1998; Hoff, 2003a, 2003b). 

One of the aims of this study was to examine the hypothesis that SGA children’s 

intelligence was more vulnerable to poorer postnatal environments compared with 

children born AGA.  No significant interactions were found between SES measures 

(parental occupation, income or education) and birthweight status (SGA, AGA).  These 

results support previous findings that have not found significant interactions between 

SES measures and birthweight status in relation to cognitive measures of intelligence 

and achievement (Jefferis, Power, & Hertzman, 2002; Sommerfelt et al., 2000; 

Sommerfelt, Ellertsen, & Markestad, 1995).  One of these studies examined birthweight 

as a continuous measure and assessed intelligence in an adult sample (Jefferis, Power, & 

Hertzman, 2002).  A second study examined the effects of low birthweight on 

intelligence in preschool children (Sommerfelt, Ellertsen, & Markestad, 1995).  The 

third study examined intelligence in preschool SGA children (Sommerfelt et al., 2000).  

Two of these studies did not examine the interaction between parental education and 

birthweight status (Jefferis, Power, & Hertzman, 2002; Sommerfelt et al., 2000), and the 

third study examined parental education in LBW children (Sommerfelt, Ellertsen, & 

Markestad, 1995).  Results from the present study add to the research literature because 

they provide evidence that in middle childhood, SGA children’s intelligence is not more 
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vulnerable to low SES and low parental education compared with AGA children, at 

least in this study of low risk families. 

One of the limitations of this study was that parental intelligence or children’s home 

environment were not directly assessed.  Parental intelligence is a strong determinant of 

children’s intelligence.  In this study, parental education was used as a proxy for 

parental intelligence.  Home environment has also been found in the literature to be 

associated with children’s intelligence and to be a mediating factor in the association 

between SES and children’s cognitive functioning (Bacharach & Baumeister, 1998b; 

Linver, Brooks-Gunn, & Kohen, 2002). 

In summary, paternal education was the strongest SES predictor of children’s 

intelligence.  Maternal education was found to be a predictor of intelligence in SGA 

children.  Parental education, parental occupation and parental income were all found to 

be associated with children’s verbal intelligence.  Living in a lower SES family or 

having parents with low educational status did not have an increased negative impact on 

intelligence in SGA children compared with children born AGA.    

7.4.5 Maternal Marital Status 

There was evidence of a marginal association between current maternal marital status 

and non-verbal intelligence at 7 years in the total sample after controlling for potential 

confounding variables (p=0.06).  Children who lived with their married biological 

parents had higher non-verbal intelligence scores than children who lived with single 

mothers.  Few studies have examined the association between single motherhood and 

non-verbal abilities.  In an early review of the literature, Shinn (1976) concluded that 

there was less evidence that father’s absence was associated with children’s verbal 

abilities compared with their quantitative abilities.  More recent intelligence studies 

have focused on verbal intelligence (Bacharach & Baumeister, 1998b; Clarke-Stewart, 

Vandell, McCartney, Owen, & Booth, 2000; Lawlor et al., 2005; J. R. Smith, Brooks-

Gunn, & Klebanov, 1997) and have not measured non-verbal abilities (e.g. spatial 

abilities).   The current study suggests that living in a single mother family may be 

associated with poorer non-verbal intelligence in middle childhood.  This finding 

highlights the importance of examining both verbal and performance IQ in children 

when studying the effects of maternal marital status. 
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Maternal marital status was significantly associated with general and verbal intelligence 

at 7 years in the total sample.  However, after adjusting for potential confounders, these 

associations were no longer significant.  This is consistent with previous research 

findings that maternal marital status is indirectly associated with children’s verbal 

intelligence through socioeconomic and family factors (Clarke-Stewart, Vandell, 

McCartney, Owen, & Booth, 2000; Lawlor et al., 2005). 

Previous studies of single mothers have found that cognitive functioning of children 

born low birthweight may be particularly susceptible to father’s absence in the home 

(Bacharach & Baumeister, 1998b; Hogan & Park, 2000; Ricciuti & Scarr, 1990).  

Importantly, the current study found that maternal marital status was not associated with 

intelligence measures in the SGA group of children after controlling for potential 

confounders.  There were however, small numbers of SGA children whose mother’s 

lived with either a new partner or in a de facto relationship with their biological father.  

Therefore these results should be interpreted with some caution. 

7.4.6 Birth Order 

In the total sample, the present study found that oldest children had significantly higher 

general intelligence scores compared with either children who had both older and 

younger siblings or children who were the youngest child.  In the total sample, first born 

children also scored significantly higher on non-verbal intelligence measures compared 

with children who were the youngest child.  This finding is consistent with a number of 

studies that have found that older children score higher on measures of cognitive ability 

compared with later born children (e.g. Belmont & Marolla, 1973; Ho, 1979; Zajonc, 

1976).  These results also provide some support for both the confluence model and the 

resource dilution hypothesis.  However, it was not the aim of this present study to test 

birth order models or theories.  Studies that have tested these theories have used large 

datasets that have included intelligence or cognitive measures collected over time from 

entire families (Zajonc, 1976). 

In relation to verbal intelligence, first born children had verbal IQ scores that were four 

points higher than children with both older and younger siblings, and three points higher 

than youngest children prior to adjustment for confounders.  In multivariable analysis, 

however, the association between birth order and verbal intelligence did not reach 



 199

statistical significance.  Studies that have examined the association between birth order 

and intelligence measures, have found that birth order may be particularly salient in 

verbal and language development.  Most studies of birth order, however, have been 

based on larger sample sizes than the sample in this present study (Belmont & Marolla, 

1973; Ho, 1979; Holmgren, Molander, & Nilsson, 2006; Zajonc, 1976).  One reason 

that this current study did not find an association between birth order and verbal 

intelligence, may be due to a lack of statistical power to detect differences in birth order 

groups. 

This present study also investigated whether birth order was a factor associated with 

intelligence in SGA children.  SGA children with no siblings had significantly higher 

verbal intelligence scores than children with siblings at 7 years prior to the adjustment 

of potential confounders.  However, this association was no longer significant in the 

multivariable analysis.   

Previous research with the ABC study cohort found that, although birth order was not 

significantly associated with developmental delay at 1 year, it was associated with 

intelligence at 3.5 years (Slykerman, 2005).  First born children had significantly higher 

general intelligence scores compared with younger children.  Birth order was however, 

not associated with general intelligence in the SGA group.   It would be of interest to 

see if birth order continues to be associated with intelligence at the ABC study in 

adolescence and adulthood.  Previous research suggests that the cognitive benefits of 

being first born become more apparent in middle childhood to adolescence (Zajonc, 

1976). 

In this present study, birth order as opposed to sibship size was chosen as the main 

explanatory variable for analysis in relation to children’s intelligence at 7 years.  Like 

sibship size, birth order allows for the examination of the effects of being an only child.  

Birth order is preferable however, because it allows specific investigation of the effects 

of being first born.  Furthermore, more recent studies have suggested that family size 

may be less important in predicting children’s cognitive development because family 

sizes are decreasing, particularly in developed countries (Holmgren, Molander, & 

Nilsson, 2006).  In New Zealand, fertility rates have declined since the 1960s and the 

base total fertility rate in 2004 was 2.01 births per woman (Statistics New Zealand, 

2006). 
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In summary, this study examined the association between birth order and intelligence 

measures using between-family analyses.  In the current study an association between 

birth order and intelligence was found both in the total sample and the SGA group.  

However, the impact of birth order differed depending on the type of intelligence 

measure used (e.g. verbal versus non-verbal intelligence) and also between SGA and 

AGA groups.  Importantly, the effect of birth order on cognitive ability in SGA children 

has not been previously reported.   This study also highlights the importance of using 

different measures of intelligence to assess birth order effects. 

7.4.7 Maternal Social Support and Perceived Stress 

7.4.7.1 Social Support 

Maternal social support at one year was positively associated with general and verbal 

intelligence in the total sample of children.  Children whose mothers reported low social 

support at 1 year had IQ scores that were approximately four points lower than children 

whose mothers reported moderate to high social support.  However, maternal social 

support during pregnancy, at 3.5 years, and at 7 years, was not associated with 

intelligence at 7 years in the total sample.  The importance of social support in infancy 

is supported by research undertaken by Bee and colleagues (1982).  In the 1982 study, 

investigators found that social support in pregnancy and in infancy was associated with 

children’s intelligence at 4 years of age.  However, the researchers did not use a 

validated measure of social support, and relied on responses given by mothers during 

the parental interview. 

A number of mechanisms have been proposed that may underlie the association 

between social support and children’s development.  As previously described, social 

support is thought to be related to more positive parenting attitudes and better parent-

child interaction.  Social support may also provide social stimulation and extra cognitive 

guidance for children.  Older preschool children who attend kindergarten or daycare and 

children at school receive extra cognitive guidance from adults (e.g. caregivers, 

teachers) outside of the family.  During infancy, however, parent-child interaction may 

be particularly important.  These results suggest that good social support during infancy 

may be more important for children’s cognitive development than social support during 

early and middle childhood.     
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Maternal social support measures taken at birth, 1 year, 3.5 years and 7 years were not 

significantly associated with intelligence at 7 years in SGA children.  Furthermore, 

results from interaction analyses showed that low social support was significantly 

associated with lower general and verbal intelligence scores in the AGA group only.  

Therefore, social support was not a determinant of intelligence at 7 years for SGA 

children.  There is no literature that suggests that the cognitive functioning of children 

born AGA, compared with children born SGA, is more susceptible to the lower social 

support or in a broader sense, poorer environmental factors.  However, it may be that 

other factors are more salient for SGA children’s cognitive functioning.  For example, 

the current study suggests that dietary factors may be particularly important for 

cognitive development in SGA children, and these factors will be discussed in a 

following section. 

7.4.7.2 Perceived Stress 

In this study, maternal perceived stress during the last month of pregnancy was 

significantly associated with general, verbal and non-verbal intelligence scores in the 

total sample, prior to the adjustment of confounders.  However, when analyses 

controlled for gender, gestation, SES and familial factors, the association between 

prenatal stress and intelligence was no longer significant.  Prenatal maternal stress was 

also not associated with intelligence scores in the SGA group of children in 

multivariable analyses.  These findings suggest that the association between prenatal 

stress and children’s cognition is confounded by other child and environmental factors.  

It is important to note that previous research, including previous ABC study findings, 

have found that prenatal stress is associated with cognitive ability in preschool children 

(Buitelaar, Huizink, Mulder, de Medina, & Visser, 2003; Huizink, Robles de Medina, 

Mulder, Visser, & Buitelaar, 2003; King & Laplante, 2005; Laplante et al., 2004; 

Slykerman, Thompson, Pryor et al., 2005).  This present study focuses on middle 

childhood and highlights the importance of examining the long term effects of prenatal 

stress on cognitive ability. 

Maternal perceived stress at 3.5 years and 7 years was not associated with children’s 

intelligence at 7 years in the total sample.  Maternal perceived stress at 3.5 years was 

also not associated with general or non-verbal intelligence at 7 years in SGA children.  

There was evidence of a marginally significant association between maternal stress at 
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3.5 years and verbal intelligence at 7 years in SGA children, however, this association 

was not significant after controlling for confounders.  Maternal perceived stress 

reported at 7 years was associated with general and verbal intelligence at 7 years in the 

SGA group in univariate analyses.  However, in multivariable analyses these 

associations were no longer significant.  It is important to note that although the effect 

sizes were not significant, SGA children whose mothers reported high stress at 7 years 

had FSIQ scores that were 3 points lower, and VIQ scores that were 4 points lower, than 

SGA children whose mothers reported low to moderate stress.  However, the 95% 

confidence intervals (95% CI) were wide and statistical significance was not reached at 

the 5% level.    

In the current study, stress was measured by the Perceived Stress Scale (Cohen et al., 

1983).  Other studies in this area have used objective measures of stress, such as life 

event scales (e.g. Bee, 1982; Bradley, Caldwell, Rock, & Casey, 1987).  However, 

measuring perceived stress takes into account the fact that people actively interact with 

their environment and appraise stressful situations in relation to their own coping 

strategies.  The Perceived Stress Scale has also been found to be correlated with life-

event scales and other health outcomes (e.g. depression, the utilisation of health 

services) (S. Cohen, Kamarck, & Mermelstein, 1983).  Furthermore, similar to the 

current study, other studies that have used life event scales have not found significant 

associations between postnatal stress and cognitive outcomes (Bee, 1982; Bradley, 

Caldwell, Rock, & Casey, 1987). 

One limitation of this study is that early pregnancy stress was not examined.  Questions 

on prenatal maternal stress that were utilized at the ABC study focused on the last 

month of pregnancy, and stress in early pregnancy was not assessed.  Previous research 

suggests that stress during early pregnancy is more likely to be associated with poorer 

cognitive functioning.  However, one study did find that higher levels of maternal 

salivary cortisol in the last trimester of pregnancy was associated with lower motor and 

mental performance at 3 months, and lower motor performance at 8 months (Huizink, 

Robles de Medina, Mulder, Visser, & Buitelaar, 2003). 

In summary, after adjustment for covariates, prenatal stress was not found to be 

significantly associated with measures of intelligence at 7 years.  Furthermore, maternal 
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stress during infancy, early or middle childhood was not associated with 7-year 

intelligence in either the total sample or the SGA group. 

7.4.7.3 The Role of Social Support in Attenuating the Effects of Stress 

Research suggests that strong social support mitigates, or low social support increases, 

the negative effects of stress on intelligence.  Therefore, combinations of stress and 

social support (e.g. high stress and low social support) were examined in relation to 

children’s intelligence at 7 years.  The combination of stress and social support at birth 

was found to be significantly associated with intelligence measures at 7 years, however, 

these associations were no longer significant in adjusted analyses.  Furthermore there 

was no association between stress and social support groups at 3.5 years or at 7 years 

and intelligence measures at 7 years in the total sample of children. 

In the SGA group, the only significant association that was found was between (the 

combination of) stress and social support at 3.5 years and verbal intelligence at 7 years.  

Contrary to expectation, SGA children whose mothers reported high stress and low 

social support at 3.5 years had significantly higher VIQ scores at 7 years (an increase of 

6.2 IQ points) than SGA children whose mothers reported low stress and high social 

support.  However, this association was no longer significant in multivariable analysis.  

In summary, this study found no evidence that social support protected against the 

potential negative effects of high stress.   

7.4.8 Breastfeeding 

Only a small number of women in this study did not breastfeed (3%).  This figure is 

similar if not slightly lower than the reported 6.2% of NZ women in the National Child 

Health Study who did not initiate breastfeeding in 1990 and 1991 (C. Essex, Smale, & 

Geddis, 1995).  It is important to note that breastfeeding rates are higher in NZ 

compared with other developed countries (Leung, Ho, & Lam, 2002; Li, Ogden, 

Ballew, Gillespie, & Grummer-Strawn, 2002; Tappin et al., 2001).  Our sample was 

also restricted to NZ European mothers who have higher rates of breastfeeding 

compared with other ethnic groups in New Zealand (Ministry of Health, 2002b).  Due to 

non-random drop-out, our sample is also more likely to include mothers with higher 
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SES and higher maternal education, who are more likely to breastfeed for longer 

durations (e.g. Quarles, Williams, Hoyle, & Brimeyer, 1994). 

In this study breastfeeding was not associated with intelligence at 7 years in the total 

sample.  Furthermore breastfeeding duration and duration of exclusive breastfeeding 

were not associated with intelligence at 7 years in this group.  Children who were not 

breastfed had IQ scores that were nearly five points lower for general intelligence and 

nearly eight points lower for nonverbal intelligence in univariate analyses.  Due to the 

small number of children in this category, however, these effect sizes were not 

statistically significant.  This was also the case for the duration of breastfeeding and 

exclusive breastfeeding.  Findings from this present study concur with previous research 

at the ABC study that found no statistically significant association between 

breastfeeding and intelligence in the total sample of children at 3.5 years (Slykerman, 

Thompson, Becroft et al., 2005).  As noted previously, one proposed mechanism for the 

association between breastfeeding and intelligence in long chain polyunsaturated fatty 

acids (LCPUFAs).  Compared with infant formulas in the 1980s, modern formulas 

contain higher amounts of these fatty acids, and therefore the effect of breastfeeding 

may be reduced in more recent cohort studies (Mortensen, Michaelsen, Sanders, & 

Reinisch, 2002), like the ABC study. 

Research suggests breastfeeding may be particularly important for cognitive 

development in SGA children.  General and verbal intelligence scores for SGA children 

at 7 years who were not breastfed were more than three points lower than SGA children 

who were, but this difference was not statistically significant.  There was evidence of a 

marginal association between non-verbal intelligence and breastfeeding duration.  Due 

to the small number of children who were not breastfed, some caution needs to be taken 

in interpreting these results.  A further limitation of this research was also that the 

analyses did not control for maternal IQ or home environment (e.g. HOME) (Bradley & 

Caldwell, 1980; Bradley et al., 1989; World Health Organization, 2001a, 2004b).  

However, a number of confounding factors were adjusted for in multivariable analyses, 

including both maternal and paternal education.  These findings are also similar to a 

previous study of SGA children that found non-verbal intelligence at 5 years was 

significantly associated with breastfeeding, but not verbal intelligence (Rao, Hediger, 

Levine, Naficy, & Vik, 2002). 



 205

There was no significant interaction between birthweight group (SGA, AGA) and 

breastfeeding (yes, no) at 7 years.  Therefore the effect of breastfeeding was not 

significantly different for SGA and AGA children.  (sentence deleted).  

In summary, there was evidence that breastfeeding duration was significantly associated 

with non-verbal intelligence at 7 years in SGA children.  Breastfeeding was not 

associated with intelligence in the total sample of children.  Nor was it associated with 

general or verbal intelligence measures in SGA children.  Due to the small number of 

children who were not breastfed in this study, the power to detect differences between 

the breastfeeding groups was limited.  Therefore, the question of whether breastfeeding 

is important for long-term cognitive development, particularly in SGA children, remains 

unanswered.  Studies in countries where breastfeeding rates are lower than in New 

Zealand may be better able to examine the long term cognitive effects of breastfeeding 

in school-aged children, adolescents and adults born SGA. 

7.4.9 Developmental Delay   

In this study, the Denver Revised Prescreening Questionnaire (R-PDQ) was used to 

identify children with developmental delay.  Twenty eight percent of the total sample, 

and 34 percent of the SGA children who participated at the 7 year phase, had delays in 

achieving one or more developmental milestones at 1 year.  These figures were similar 

to those reported in a previous study that found 35 percent of very LBW infants and 14 

percent of control infants were identified by parents using the R-PDQ as being delayed 

(Heiser et al., 2000).  It is important to note that the R-PDQ is primarily used to identify 

children who would benefit from further assessment using the Revised Denver 

Developmental Screening Test (RDDST) and has been found to over-refer children to 

further testing who are subsequently found to have no delays. 

As noted previously, the Denver tests have been criticised for having low specificity 

and for being poor predictors of later intelligence.  The RDDST has also been described 

as inappropriate as an infant measure of intelligence, as it was designed to screen for 

clinical abnormalities, but not to discern small differences in intelligence in normal 

children (Jain, Concato, & Leventhal, 2002).  It is somewhat surprising then that in this 

study infants identified as having one or more delays had significantly lower general 

and non-verbal intelligence scores compared with children with no delays.  Importantly, 
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when children in the total sample were divided into three delay groups (no delay, one 

delay, two or more delays); children who had two or more delays were found to be at a 

further increased risk of lower general and non-verbal intelligence scores in 

multivariable analyses.  In this study, developmental delay was a strong predictor of 

non-verbal abilities.  Infant outcome measures, like the Denver tests, focus heavily on 

gross motor and fine motor abilities, particularly in the first year of life.  These abilities 

are more likely to be associated with non-verbal intelligence measures in later life, 

compared with measures of verbal ability.  Overall these findings from the total sample 

are consistent with studies like the Dunedin longitudinal study that have found measures 

of early developmental delay to be predictive of later intelligence scores (Silva, 1981; 

Silva & Bradshaw, 1980; Silva, McGee, & Williams, 1982; Sonnander & Claesson, 

1999). 

Although developmental delay in infancy was associated with intelligence in the total 

sample, it was not significantly associated with intelligence at 7 years in the SGA group 

of children.  This result was of interest because previous ABC study findings showed 

that having one or more delays in infancy was associated with intelligence at 3.5 years 

in the SGA group of children, but not in the total sample (Slykerman, 2005).  It is 

unclear why developmental delay was not significantly associated with later intelligence 

in SGA children.  However, no significant statistical interaction was found between 

birthweight group (SGA, AGA) and developmental delay.  Therefore the effect of 

having a development delay at 1 year on intelligence at 7 years was not statistically 

different for AGA children compared with SGA children.  Other factors, however, may 

be more important for SGA children’s cognitive functioning.  For example, maternal 

education was found to be particularly salient for the cognitive development of children.  

SGA children may also be slightly slower at reaching developmental milestones but 

then catch up developmentally during childhood.  Although previous ABC study 

research has found that being born SGA was not significantly associated with 

developmental delay at 1 year in the ABC study (Slykerman, 2005).  Alternatively, 

SGA children may suffer from being over identified as being developmentally delayed.  

Of the children seen at 7 years, the proportion of SGA children with one or more 

developmental delays at 12 months was 34 percent compared with 28 percent of the 

total sample which was comprised mostly of children born AGA. 
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In this study, further follow-up of the children found to have developmental delays in 

infancy is now important.  Follow-up will help determine whether delays in early life 

continue to predict intelligence in adolescence and adulthood. 

7.4.10 Iron status 

In the present study, iron deficiency anaemia (Hb <112 g/L) at 3.5 years was 

significantly associated with lower general and verbal intelligence scores at 7 years after 

controlling for potential confounders.  General and verbal intelligence scores were more 

than 10 points lower for children at 7 years who had IDA at 3.5 years, compared with 

children who did not have IDA.  Due to the small number of children (n=13) who had 

IDA at 3.5 years these results need to be interpreted with caution.  There was also a 

large number of children who had missing data on iron measures at 3.5 years (n=199).  

However, the children who did not give bloods at 3.5 years did not differ from those 

who did in relation to general, verbal and non-verbal intelligence at 7 years.  IDA at 3.5 

years was not associated, however, with non-verbal intelligence scores at 7 years in the 

total sample. 

These findings are consistent with earlier overseas studies that have found that iron 

deficiency is associated with lower intelligence scores in both preschool and school-

aged children (Halterman, Kaczorowski, Aligne, Auinger, & Szilagyi, 2001; Palti, 

Pevsner, & Adler, 1983; Sherriff, Emond, Bell, Golding, & Team, 2001).  In the current 

study, measures of iron status were not collected during infancy; therefore, it is not 

known how long the children who had IDA at 3.5 years had suffered from this 

deficiency.  Previous studies have found that IDA in the preschool years, particularly 

during infancy, has a long-term negative effect on cognitive development (Hurtado, 

Claussen, & Scott, 1999; Palti, Pevsner, & Adler, 1983).  This negative effect has been 

found to persist after treatment for IDA (Palti, Pevsner, & Adler, 1983), suggesting that 

chronic IDA may have a permanent negative impact on brain development (Hurtado, 

Claussen, & Scott, 1999).  Iron requirements in the brain are also highest during periods 

of rapid brain development, in particular during prenatal and postnatal growth, although 

iron uptake continues throughout life (Beard, Connor, & Jones, 1993).  In addition, iron 

may also be important for the continued myelination of the frontal lobes throughout 

childhood (Bryan et al., 2004) and the frontal lobes are important for “higher-order” 

cognitive processes such as testing hypotheses when problem solving. 
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In the present study, verbal intelligence was associated with IDA but not non-verbal 

intelligence.  Tests used in previous studies have differed markedly, therefore 

comparing this present study result with previous studies is difficult.  Palti and 

colleagues (1983) found an association between IDA and overall IQ at 5 years.  

Halterman and colleagues (2001) did not examine total IQ, verbal IQ or non-verbal IQ 

but used achievement subtests and only used the WISC-R block design and digit span 

subtest.  Only math scores were negatively associated with ID and IDA.  Bruner and 

colleagues (1996) found that iron supplementation was associated with an increase in 

verbal learning.  In comparison, Lynn and Harland (1998) only assessed non-verbal 

intelligence and found an association between ID and lower IQ scores. 

In relation to SGA children, no association was found between IDA at 3.5 years and 

intelligence at 7 years.  There was, however, no significant interaction between 

birthweight group (SGA, AGA) and haemoglobin concentration at 3.5 years (low, high) 

on intelligence at 7 years. 

There was no association between abnormal red cell distribution width (RDW) at 3.5 

years and intelligence at 7 years in the total sample of children in the present study. Nor 

was there an association between abnormal RDW at 3.5 years and intelligence at 7 years 

in the SGA group. 

Less than half of the children who were seen at 7 years were taken to a laboratory for a 

blood sample.  It was therefore difficult to assess adequately whether iron status at 7 

years was associated with intelligence at 7 years both in the total sample or the SGA 

group.  Although children who gave blood did not differ significantly on general, verbal 

or non-verbal intelligence scores compared with those children who did not give blood.  

Only one significant association was found between iron measures collected at 7 years 

and intelligence at the same age.  This one association was found between IDA and 

verbal intelligence scores at 7 years, but was no longer significant after adjustment for 

potential confounders. 

In summary, the present findings suggest that iron deficiency anaemia in preschool 

children may have a long-term effect on intelligence, particularly verbal intelligence.  

However, due to the small numbers of children who had blood samples taken at 7 years, 
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the association between current iron status and intelligence in middle childhood could 

not be adequately assessed. 

7.4.11 Descriptive Dietary Patterns 

The present study was the first study to describe NZ preschool children’s dietary 

patterns (Theodore et al., 2006).  Only one previous NZ study has examined overall 

dietary patterns in school-aged children (Ministry of Health, 2003b). 

This section will describe the key findings in relation to children’s dietary patterns.  

There were few differences in dietary patterns between SGA and AGA children.  

Therefore, the key results described are for the total sample of children. 

In this study fruit intake was assessed in two ways.  Firstly, whether children were 

eating fruit two or more times a day and secondly, whether children were eating two or 

more servings of fruit a day.  At 3.5 years more than one quarter of children were not 

eating the recommended daily intake of two fruit servings, similar to the number of 

children reported as not eating fruit two or more times per day.  The small discrepancy 

between the reported servings of fruit consumed and reported fruit frequency (5%) may 

be due to children eating less commonly consumed fruit, which were not listed in the 

FFQ.    

More than half of preschool children were not consuming the recommended daily intake 

of vegetable servings.  A higher percentage of children (77%) were reported as eating 

two or more vegetables per day based on food frequency information.  This finding 

suggests that not all children were consuming whole servings of vegetables.  Fruit 

consumption at 3.5 years appeared similar to consumption at 7 years.  At 7 years, more 

than 60 percent of children were not eating the recommended number of vegetable 

servings a day.  The number of children eating vegetables three or more times a day at 7 

years (62%) was similar to that reported for school aged children (57%) in the NZ 2002 

National Children’s Nutrition Survey (CNS) (Ministry of Health, 2003b). 

Only a small number of children were eating breads or cereals (including pasta and rice) 

at recommended levels at either 3.5 years or 7 years.  These foods are high in energy 

and are a significant contributor of dietary folate and iron for NZ children.  The CNS 

found that although bread intake did not vary with age, the frequency of intake of 
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breakfast cereals declined with age.  In the present study the consumption of both 

breads and breakfast cereals appeared to decline with age. 

Most children in this study ate meat, fish, chicken or eggs daily.  The most frequently 

eaten meat was chicken, a finding consistent with the 2002 nutrition survey.  At 3.5 

years, 61 percent of children were reported as drinking milk daily compared with 45 

percent at 7 years of age.  This result is consistent with the CNS finding that milk 

consumption decreases with age. 

A number of studies have found a positive relationship between soft-drink consumption 

and body mass index (used to measure overweight and obese children) (Harnack, Stang, 

& Story, 1999; Ludwig, Peterson, & Gortmaker, 2001).  Soft-drink consumption has 

also been found to be positively related to increased daily energy intake and may 

displace the consumption of other drinks, such as milk and juice.  More than 20 percent 

of the children in the current study at 3.5 years and at 7 years, were drinking soft drinks 

three or more times a week.  Limiting the consumption of these drinks in children may 

be important given the increasing rates of childhood obesity in New Zealand. 

NZ guidelines recommend that “treat” foods, such as muesli bars and potato chips, be 

eaten only occasionally.  Australian guidelines are more specific for these “extra” foods, 

recommending no more than one or two servings per day (National Health and Medical 

Research Council, 2003).   In this study 12 percent of preschool children and 37 percent 

of school-aged children ate these foods three or more times a day.  These foods tend to 

be energy dense and low in micronutrients. 

In summary, less than half of the children were eating the recommended number of 

vegetable servings at either 3.5 years or 7 years.  Very few children were eating breads 

and cereals at recommended levels.  However, a number of children were eating treat 

foods more than two times a day, particularly at 7 years. 

7.4.12 Dietary Patterns and Intelligence  

The following section will describe the results from the analyses examining the 

association between food groups and intelligence scores.  Significant results will be 

discussed first. 
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7.4.12.1 Margarine, Butter and Blended Spreads 

Children in this study who ate margarine at least daily had significantly lower 

intelligence scores than children who did not.  Margarine consumption at 3.5 years was 

associated with lower general intelligence scores at 3.5 years in the total sample and in 

the SGA group, after controlling for potential confounders.  Daily margarine 

consumption at 7 years was also significantly associated with lower general, verbal and 

non-verbal intelligence scores at 7 years in SGA children.  There was evidence of a 

marginal association between daily margarine consumption at 7 years and general and 

verbal intelligence scores at 7 years in the total sample.  After adjustment for 

confounders, however, this association was no longer significant.  A significant 

interaction was found between birthweight group (SGA, AGA) and daily margarine 

consumption for both general and non-verbal intelligence at 7 years, and the effect of 

margarine consumption on intelligence was found for SGA children only.  

Breastfeeding studies have found that breastfeeding may be particularly important for 

cognitive development in SGA babies.  Research has not been undertaken, however, 

examining the effect of diet post-infancy on cognition in SGA children.  This study is 

consistent with previous findings on SGA children and also highlights the importance of 

diet post-infancy for cognitive development in babies born small. 

The differences found in intelligence scores between those children who ate margarine 

daily, and those who did not, were surprising.  One mechanism that may underlie the 

association between daily margarine intake and intelligence is trans fatty acids.  Trans 

fatty acids are created when hydrogen is added to vegetable oils (U.S. Food and Drug 

Administration, 2006).  Like saturated fats, trans fats raise low-density lipoprotein 

(LDL) cholesterol, increasing the risk of diseases like coronary heart disease.  Trans 

fatty acids have also been associated with poorer cognitive performance in adults (M. C. 

Morris, Evans, Bienias, Tangney, & Wilson, 2004).  Recently, studies on rats have 

found an association between hydrogenated fats and poorer memory performance 

(Granholm et al., 2004).  Trans fatty acids may also impair the metabolism of 

LCPUFAs.  For example, maternal pregnancy trans fatty acid intake has been inversely 

associated with LCPUFAs levels in infants at birth (Mojska, 2003).  In 2005, most table 

spreads in New Zealand contained trans fatty acids, in some margarines making up to 

eight percent of the total fat content (Consumer Magazine, 2005).  Countries like New 

Zealand, the United States and Denmark have created stricter guidelines around the 
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labeling of products containing trans fatty acids and the percentage of trans fats allowed 

in food products.  However, a recent study found a negative association between the 

amounts of trans fats and saturated fats in margarines and the price of margarines 

(Ricciuto, Ip, & Tarasuk, 2005).  This may have implications for children living in 

disadvantaged families who may eat these cheaper products due to budgetary 

constraints.  

As noted previously, saturated fats and cholesterol have also been associated with lower 

cognitive functioning scores in children and adults (Kalmijn et al., 2004; M. C. Morris, 

Evans, Bienias, Tangney, & Wilson, 2004; Zhang, Hebert, & Muldoon, 2005).  Animals 

studies have found that higher intakes of saturated fats are associated with impaired 

learning (Winocur & Greenwood, 1999).  Studies on rats have also found that dietary 

fat can influence cognition after relatively short periods of ingestion (Coscina, Yehuda, 

Dixon, Kish, & Leprohon-Greenwood, 1986).  Butter is, however, higher in saturated 

fats compared to other table spreads in New Zealand (Consumer Magazine, 2005).  In 

this study there was no association between daily butter consumption and intelligence, 

after analyses controlled for daily margarine consumption and other potentially 

confounding variables.  Nor was there an association between blended spreads 

(containing both butter and margarine) and intelligence scores at 7 years. 

No previous study has examined the effect of margarine consumption on cognitive 

functioning.  Therefore these results should be interpreted with some caution.  The 

associations between daily margarine consumption and intelligence scores were 

however, found at both 3.5 years and at 7 years of age and remained significant after 

controlling for potential confounders.  A supplementary analysis examining daily 

margarine consumers in the ABC study, found a poor to moderate association between 

consuming margarine daily at 3.5 years and at 7 years in the SGA group (Kappa=0.33) 

and the AGA group (Kappa=0.29).  Therefore those children consuming margarine 

daily at 7 years were a relatively different group compared with those children who ate 

margarine daily at 3.5 years.  This finding suggests that it is not the characteristics of 

the children consuming margarine that underlie the associations found between daily 

margarine consumption and intelligence.  Regular margarine consumers may however, 

eat a poorer diet (e.g. a higher fat diet) compared with non-regular margarine 

consumers.  However, there was no change in multiple regression results when analyses 
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controlled for other food groups associated with intelligence (e.g. fish).  Effect sizes 

were also large, and differences between regular consumers and non-consumers were 

found for some outcome measures to be a difference of nearly half a standard deviation. 

One limitation of this study is that nutrient information was not collected on the types of 

margarine consumed.  Furthermore, margarine information was derived from one food 

frequency question.  In New Zealand, food manufacturers are not required to label the 

monounsaturated, polyunsaturated or trans fatty acid content of foods (Consumer 

Magazine, 2005), which also makes identifying the nutrient composition of margarines 

difficult. 

7.4.12.2 Fish 

In this study, weekly fish consumption was associated with higher general, verbal and 

non-verbal intelligence scores at 7 years in the total sample of children after controlling 

for potential confounders.  At 7 years, approximately two thirds of children ate fish at 

least weekly.  Weekly fish consumption included eating fish fillets, seafood and fatty 

fish (e.g. salmon).  A marginal association was also found between weekly fish 

consumption and intelligence in SGA children, but this association was not significant 

in multivariable analyses.  There was no significant interaction between birthweight 

group (SGA, AGA) and weekly fish consumption in relation to intelligence at 7 years. 

The findings from the current study support earlier research that has found a positive 

association between fish intake and cognitive functioning (Kalmijn et al., 2004; M. C. 

Morris et al., 2003).  In addition, maternal fish intake during pregnancy has also been 

associated with higher developmental scores of offspring in infancy (Daniels, 

Longnecker, Rowland, Golding, & Health., 2004).  Fish contains a number of nutrients 

that have been associated with cognitive functioning.  Fish is a good source of protein, 

bioavailable iron, zinc, Vitamin B-12 and iodine (National Health and Medical 

Research Council, 2003).  Seafood is also a good source of vitamin B-12, iron and zinc.  

Importantly, fish provides a rich source of omega-3 PUFAs, although the content of 

these fats is dependent on the type of fish that is eaten.  Fatty fish such as salmon and 

tuna contain the highest levels of omega-3 fats.  In this study, there was no association 

found between weekly fatty fish consumption and intelligence.  A marginal positive 

association was found between weekly fatty fish consumption and non-verbal 
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intelligence in the total sample, however, this association was not statistically 

significant in the multivariable model. 

7.4.12.3 Breads and Cereals 

Eating breads and cereals four or more times a day was significantly associated with 

general intelligence at 3.5 years.  Intelligence scores of children who ate breads and 

cereals at least four times a day were nearly four points higher compared with children 

who did not eat breads and cereals at these levels.  Eating breads and cereals four or 

more times a day was also significantly associated with general and verbal intelligence 

in SGA children at 7 years in univariate analyses.  In multivariable analyses children 

who ate breads and cereals four or more times a day had general intelligence scores 

more than 4 points higher and verbal intelligence scores more than 5 points higher 

compared with children who did not.  These results were not, however, statistically 

significant.  Due to the small number of children who ate breads and cereals four or 

more times a day at 3.5 years (7%) and at 7 years (4%), these results need to be 

interpreted with caution. 

Breads and cereals are a good source of carbohydrates, which are metabolized to 

produce glucose (Dye, Lluch, & Blundell, 2000).  Carbohydrate and glucose 

consumption have been previously associated with improved cognitive functioning 

(Korol, 2002; Lieberman, 2003).  Breads and cereals also contain a number of important 

micronutrients.  For example, breads and breakfast cereals were found to be the main 

sources of iron and folate for New Zealand school-aged children (Ministry of Health, 

2003b) 

7.4.12.4 Foods not Associated with Intelligence Measures  

Red meat was examined in this study because it provides the most readily absorbed 

source of iron (haem iron).  Most children in this study ate red meat two or more times a 

week at 3.5 years (73%) and at 7 years (89%).  Eating red meat at least twice weekly 

was not associated with intelligence either at 3.5 years or at 7 years.  Low intakes of red 

meat have previously been found to be a risk factor for iron deficiency in children aged 

3 years or younger (Mira et al., 1996).  Iron is also available in a number of other food 

sources including cereals and breads, although iron in these foods is less bioavailable. 



 215

The consumption of milk and dairy products was not associated with intelligence at 3.5 

years or at 7 years.  Eating meat, fish, chicken and eggs daily was also not associated 

with intelligence in this study.  Nearly all children ate these protein rich foods at least 

daily at 3.5 years (88%) and at 7 years (97%).  Studies in developing countries have 

found associations between protein-energy malnutrition and cognitive functioning.  One 

previous study of children in the United Kingdom found that meat intake was associated 

with psychomotor development in children aged 2 years (Morgan et al., 2004).  Another 

study from Finland found an association between higher protein intake and both gross 

motor function, and speech and language scores in children aged 5 years or younger 

(Rask-Nissila et al., 2002).  The researchers did not, however, control for potential 

confounders such as parental SES.  These studies suggest that meat intake may be 

associated with motor function in developed countries.  However, evidence is currently 

lacking as to whether meat or high protein intake affects intellectual functioning in 

children in developed countries. 

There was no association between weekly or daily vitamin and/or mineral 

supplementation and intelligence at either 3.5 years or 7 years.  Previous studies have 

found that multivitamin and mineral supplementation was associated with an increase in 

non-verbal intelligence scores in children who were previously nutrient deficient.  In 

this study, information on iron status was available.  However, due to the small number 

of children who had iron deficiency anaemia and who took supplements, no analyses 

were performed on this group.  Overall, the present study concurs with previous 

findings that multivitamin and mineral supplementation is not associated with 

intelligence in groups of children who are not nutrient deficient.    

In univariate analyses, eating two or more fruit servings a day at 7 years was 

significantly associated with intelligence measures at 7 years in the total sample and the 

SGA group.  A marginal association was also been found between general intelligence 

scores at 7 years and eating vegetables three or more times a day at the same age.  After 

controlling for gender, gestation and a number of socio-demographic factors, however, 

neither fruit nor vegetable consumption was significantly associated with intelligence, 

either at 3.5 years or at 7 years of age.  Previous studies have found that diet is strongly 

associated with socioeconomic status and parental education (North-Stone & Emmett, 

2000; Xie, Gilliland, Li, & Rockett, 2003).  These results emphasize the importance of 
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controlling for these factors when examining the associations between diet and 

cognitive ability. 

One limitation of the present study was the use of only one measure of children’s diet.  

As described previously, FFQs are considered to be good measures of long-term diet 

and are appropriate for use in large epidemiological studies.  However, nutrient intakes 

were not examined in this present study, and further examination needs to be 

undertaken in future studies to examine the nutrient composition of foods found to be 

associated with children’s intelligence (e.g. margarine).       

In summary, this study found that a number of foods consumed during early and middle 

childhood were significantly associated with measures of general, verbal and non-verbal 

intelligence.  The impact of diet has been considered to be particularly important during 

periods of rapid brain development, including the last trimester of pregnancy and the 

first two years of life.  Therefore, most nutrition studies have focused on children under 

2 years of age (Bryan et al., 2004).  However, parts of the cerebral cortex, in particular 

the frontal lobes, continue to develop throughout childhood and adolescence.  The 

frontal lobes are considered important for executive function.  The present study 

assessed diet in relation to standard intelligence measures.  Although it is beyond the 

scope of this study, researchers have argued that future studies also need to examine the 

impact of diet on developing executive function (Bryan et al., 2004).  

7.5 Factors not Associated with Intelligence 

The following sections will briefly describe the factors that were not significantly 

associated with intelligence measures in the current study. 

7.5.1 Maternal Age 

Prior to the adjustment of potential confounders, maternal age was significantly 

associated with general and verbal intelligence in the total sample of children, and 

general intelligence in the SGA group, with lower maternal age being associated with 

lower intelligence scores.  Furthermore, in the SGA group there was evidence of a 

marginal association between both maternal age and verbal intelligence, and maternal 

age and non-verbal intelligence.  After controlling for gender, gestation, socioeconomic 
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and family factors, the associations found between maternal age and children’s 

intelligence were no longer significant.  In particular, children born to younger mothers 

(<24 years of age) did not have significantly lower intelligence than children born to 

older mothers (30-34 years of age).  In the total sample, only eight percent of children 

were born to mothers younger than 24 years of age.  However, the findings from the 

current study are consistent with a number of previous studies (including studies of 

teenage mothers), that have found that young maternal age is indirectly associated with 

children’s cognitive functioning through factors such as parental education and family 

income (e.g. Fergusson & Lynskey, 1993). 

Twenty seven percent of the children in the total sample were born to older mothers 

(35+ years of age) in the present study.  These children were not at an increased risk of 

lower intellectual functioning compared with children born to mothers aged between 30 

to 34 years.  Other studies have found that older maternal age is associated with mental 

retardation in offspring accompanied by other neurological conditions (e.g. cerebral 

palsy) (e.g. L. O. Williams & Decoufle, 1999).  In the ABC study, children born with 

congenital abnormalities that were likely to affect growth and/or birthweight were 

excluded, and this may have had an impact on these results. 

Overall, these findings suggest that maternal age is not associated with children’s 

intelligence in middle childhood after controlling for socio-demographic and family 

factors.  Importantly, maternal age in the current study was not directly associated with 

intelligence in SGA children.  Further follow-up of the participants at the ABC study is 

necessary, however, to examine whether differences between the offspring born to 

younger mothers and their peers become more pronounced in later childhood and 

adolescence, as would be predicted from previous research findings (Brooks-Gunn & 

Furstenberg, 1986; Fergusson & Woodward, 1999). 

7.5.2 Maternal Smoking during Pregnancy 

In this study an association was found between maternal smoking during pregnancy and 

verbal intelligence in the total sample of children at 7 years.  Evidence of a marginal 

association between smoking in pregnancy and general intelligence at 7 years was also 

found.  However, after adjusting for potential confounders these associations were no 

longer significant.  This is consistent with a number of other studies that have found the 
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association between maternal smoking and children’s intellectual functioning is 

confounded by factors, such as parental education (Batty, Der, & Deary, 2006; Breslau, 

Paneth, Lucia, & Paneth-Pollak, 2005; Fergusson & Lloyd, 1991; Lawlor et al., 2006; 

Trasti, Vik, Jacobsen, & Bakketeig, 1999). 

In the total sample, 14 percent of mothers reported smoking during pregnancy.  For the 

SGA group, 34 percent of mothers smoked, and smoking in this study was previously 

found to be a risk factor for SGA birth (J. M. Thompson et al., 2001).  The prevalence 

of maternal smoking was similar to the 31 percent reported by Breslau and colleagues 

(2005) in their sample of LBW and normal birthweight (NBW) children.  In this study, 

40 percent of mothers of LBW babies smoked and 19 percent of NBW mothers smoked.  

Information on maternal smoking during pregnancy, however, was recorded when the 

children were six years of age and is likely to be less accurate than smoking information 

collected in the present study, which was recorded at the birth of the child.  Sommerfelt 

and colleagues (2000) also found slightly higher rates of maternal smoking in their 

sample of SGA children (58%) and AGA children (34%).  However, unlike the current 

study, the smoking measure used in the 2000 study was maternal smoking at conception 

and did not take into account whether mothers had stopped or reduced their smoking 

when they found out they were pregnant. 

Sommerfelt and colleagues (2000) found that smoking at conception was significantly 

associated with non-verbal intelligence at 5 years after adjustment for covariates.  In the 

present study, maternal smoking during pregnancy was also associated with non-verbal 

intelligence, as well as general intelligence, in the SGA group of children in univariate 

analyses.  However, these associations were no longer significant when the analyses 

adjusted for potential confounders.  

Importantly, the current study found that the effects of maternal smoking on children’s 

intelligence in middle childhood did not differ as a result of birthweight status (SGA, 

AGA).  This finding is consistent with previous results for preschool SGA children 

reported by Sommerfelt and colleagues (Sommerfelt et al., 2000). 

Overall, these results suggest that maternal smoking is not directly associated with 

children’s intelligence at 7 years. Furthermore maternal smoking is not significantly 

associated with intelligence in primary school aged SGA children. 
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7.5.3 Maternal Marijuana Use in Pregnancy 

Few mothers in this study smoked marijuana during pregnancy.  In the total sample, 

three percent of mothers reported smoking marijuana during pregnancy compared with 

nine percent of mothers of SGA children.  The reported prevalence rates of marijuana 

use in pregnancy vary between studies.  For example, 2.9 percent of women were 

reported as using marijuana during pregnancy in a national US survey in 1992 (National 

Institute of Health, 1992).  In a study of over 12,000 British women, five percent of 

mothers reported using marijuana before and/or during pregnancy (Fergusson, 

Horwood, North-Stone, Pregnancy, & Childhood, 2002). 

Smoking marijuana during pregnancy was not associated with general intelligence in 

the total sample of children, or in the SGA group.  Furthermore, exposure to marijuana 

in utero was not associated with verbal or non-verbal intelligence scores.  Only three 

percent of mothers in the total sample reported smoking marijuana during pregnancy, 

therefore this result should be interpreted with some caution.  However, the results of 

the current study are consistent with a number of overseas studies, which have found no 

significant association between marijuana exposure in utero and global measures of 

intelligence (Fried, Watkinson, & Gray, 1998, 2003).     

Although marijuana was not associated with overall measures of intelligence in the 

present study, exposure in utero has been negatively associated with other cognitive 

subskills such as memory and sustained attention.  There have been relatively few 

studies, however, that have examined on the impact of maternal marijuana use in 

pregnancy on children’s cognitive subskills (e.g. executive functioning) and further 

research is needed.       

7.5.4 Gender 

Gender was not associated with intelligence at 7 years in the total sample of children or 

the SGA group.  Similar to results reported by Lynn and colleagues (2005) boys in the 

total sample obtained slightly higher scores on general, verbal and non-verbal 

intelligence compared with girls. However, these differences were not statistically 

significant.  It is possible that the lack of gender differences is due to the use of the 
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WISC-III to measure children’s intelligence in this study, which was designed to 

minimize gender differences in IQ. 

7.5.5 Gestational Age 

The number of weeks of gestation was not significantly associated with intelligence 

measures in either the total weighted sample or the SGA group of children.  Recent 

studies have similarly found that being born at term or close to term is not associated 

with poorer cognitive functioning in infants or preschool children born SGA 

(McCowan, Pryor, & Harding, 2002; Slykerman, 2005).  Findings from the present 

study suggest that gestational age is also not associated with cognition in middle 

childhood for SGA children are born at term. 

7.5.6 Delivery Method 

Delivery method was not associated with intelligence in this study in either the total 

sample or the SGA group.  Previous findings at the ABC study have also shown that 

delivery method was not associated with developmental delay at 1 year or intelligence 

at 3.5 years (Slykerman, 2005).  The 7 year results are also consistent with other more 

recent studies of delivery methods.  Three of these studies were undertaken on children 

aged 5 years or under (Litt, Armon, Seidman, Yafe, & Gale, 1993; Molkenboer, 

Roumen, Smits, & Nijhuis, 2006; Wesley, van den Berg, & Reece, 1993).  One further 

study found no association between vacuum extractor delivery and scholastic 

performance in 10 year old children (Ngan, Miu, Ko, & Ma, 1990), however, this study 

did not measure intelligence or examine births by caesarean section.  Therefore the 

findings from this present study add to the literature by examining the possible long-

term effects of delivery method on children’s intellectual functioning. 

7.5.7 Pacifier Use 

Intelligence at 7 years was not associated with pacifier use at 1 year in this study.  

Although one previous United Kingdom (UK) study found an association between 

pacifier use in infancy and adult intelligence, this study suffered from a number of 

methodological flaws (Gale & Martyn, 1996).  For example, the UK sample was not 

representative of the original population, because researchers only assessed adults who 
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at approximately 70 years of age were still living in the same county that they were born 

in.  Consistent with the current study, other previous studies have found no significant 

association between pacifier use and children’s cognitive functioning (Barros et al., 

1995; Lucas & Morley, 1996). 

7.6 General Findings 

There are a number of important findings from this study that contribute further to our 

understanding of the determinants of children’s intelligence, in particular the cognitive 

development of children born SGA.  These general research findings will be described 

in the following sections. 

7.6.1 The Importance of the Postnatal Environment 

Environmental factors, in particular parental education, were found to be stronger 

predictors of children’s intelligence at 7 years compared with biological factors, such as 

infant’s birthweight.  Importantly, environmental factors were also strong predictors of 

cognitive development in children born SGA.  Some pregnancy factors, such as, 

maternal hypertension and iron status predicted intelligence scores, but due to the small 

number of women in the highest risk categories of these factors, the results for the total 

sample should be interpreted with caution. 

As described previously, numerous studies have found that infant measures of ability 

are weak predictors of later cognitive ability.  However, the present study found that 

developmental delay in infancy significantly predicted general and non-verbal 

intelligence in the total sample.  Children with one or more developmental delays at 1 

year had significantly lower Full Scale IQ and Performance IQ, compared with children 

who had no developmental delays.      

Father’s education was the strongest socioeconomic predictor of children’s intelligence.  

Children whose fathers left school and did not attend university had significantly lower 

intelligence scores compared with children whose fathers went to university.  In 

general, researchers are more likely to collect and analyse maternal information in 

relation to children’s intellectual functioning, than paternal information.  The current 

study highlights the importance of collecting information about the father. 
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Family and socioeconomic factors including parental occupation status, birth order, 

maternal marital status and maternal social support were also found to be associated 

with intelligence measures.  The individual effects of environmental factors on 

intelligence were relatively small.  For example, children whose mothers had low social 

support at 1 year had IQ scores at 7 years that were 4.5 points lower than children 

whose mothers reported high social support.  Although a change in IQ at an individual 

level of four points is not large, it should be noted that the effect sizes represent 

differences in group means.  Therefore a shift in the population of four or five IQ points 

would correspond to an important shift in the distribution of intelligence (G. Rose, 

1985, 1992).    

7.6.2 SGA Children and the Risk of Impaired Cognitive 
Development 

One of the most important results of this study was the finding that term SGA children 

showed no significant difference in cognitive development at 7 years compared with 

their AGA peers.  This finding is particularly important as intelligence in middle 

childhood is known to predict later intelligence and academic achievement.  Studies that 

have examined the influence of SGA birth on intelligence have often failed to control 

for potential confounders.  The present study was, however, able to adjust for a number 

of socioeconomic and familial factors.  The fact that SGA status was not associated with 

intelligence suggests that some previous studies may have overestimated the effect of 

term SGA status on children’s intelligence.  A second important finding was that, in 

general, in this predominantly middle class sample, SGA children were not more 

sensitive to non-optimal environmental factors, compared with AGA children.  One 

exception to this was the finding that daily margarine consumption was inversely 

associated with intelligence measures in primary school aged SGA children compared 

with AGA children.  This finding extends previous research that has found that nutrition 

in infancy may be particularly important for children who are born small.  The 

following section will describe the dietary findings from the current study in further 

detail. 
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7.6.3 Children’s Dietary Patterns 

The most significant contributions of the current study to the research literature are the 

findings related to children’s dietary patterns.  Firstly, this was the first published study 

to describe the overall dietary patterns of New Zealand European preschool children, 

older than 2 years of age (Theodore et al., 2006).  This is despite the fact that children’s 

dietary habits are associated with later adult diet and health (L. L. Birch & Fisher, 1998; 

Krebs-Smith et al., 1995; North-Stone & Emmett, 2000).  It is of great concern that the 

results from the current study suggest that a notable proportion of NZ children are not 

eating fruit, vegetables or breads and cereals at the recommended levels.  One positive 

finding was that most of the children ate at least the suggested amount of protein-rich 

foods such as meat and chicken. 

Few studies have examined the association between dietary patterns and children’s 

intellectual functioning.  The most novel finding of the current research was the inverse 

association found between daily margarine consumption and IQ scores.  Importantly, 

daily margarine consumption was found to be associated with intelligence in both early 

childhood and in middle childhood.  Furthermore, margarine was specifically related to 

lower intelligence in SGA children at 7 years.  This is the first study that has reported an 

association between margarine and intelligence.  However, recent studies have 

suggested that dietary fats play an important role in both children’s and adult’s 

cognitive functioning.  The present study finding that fish was significantly associated 

with children’s intelligence in middle childhood was also important.  A number of 

recent studies have found positive associations between fish consumption and cognition, 

although these studies have been based on adult samples. 

The final chapter of this thesis will examine the implications of the general findings 

described above, followed by a discussion of future research possibilities. 
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8 Conclusions 

The main aim of the current study was to identify factors associated with the 

intelligence of primary school children, including the determinants of intelligence in 

children who were born small-for-gestational age (SGA).  The current study 

successfully identified a number of these including indicators of socioeconomic status 

such as parental education, family factors such as birth order, pregnancy factors such as 

maternal iron status, postnatal factors such as iron status in early childhood and a 

number of dietary factors.  Analyses revealed that intelligence scores did not differ at 7 

years for term SGA children compared with term AGA children.  The study also found 

that, in general, the influence of environmental factors on intelligence did not differ for 

SGA children compared with their AGA peers.  Importantly, the study described New 

Zealand European children’s dietary patterns.  A number of dietary factors, including 

daily margarine and weekly fish consumption, were significantly associated with 

measures of intelligence.    

Identifying new factors associated with intelligence and determining the role of 

potentially modifiable environmental factors remains an important research task.   

When Alfred Binet was asked in 1909 whether he believed that general intelligence was 

fixed and therefore unlikely to change, he replied “If it were not possible to change 

intelligence, why measure it in the first place” (Brown, 1985, p. 323).  A positive 

finding from the present study was that modifiable environmental factors were found to 

be stronger determinants of intelligence than more biological or “programmed” prenatal 

and perinatal factors, including infant birthweight status.  Therefore, the findings 

presented in this study may provide strategies for improving children’s cognitive 

development, including children who are born small.  Importantly, changing children’s 

diets may result in positive improvements in cognitive functioning.  At present a 

number of public health strategies are being implemented in New Zealand and in 

countries overseas to help improve children’s diets.  Key messages include reducing the 

intake of foods high in saturated fats and sugar, increasing the consumption of fruit and 

vegetables and increasing breastfeeding duration.  Healthy eating messages are intended 

to reduce a number of negative health outcomes, including rates of obesity and the 

consequences of obesity (e.g. diabetes).  Findings from the present study and recent 

overseas studies suggest that eating a diet low in saturated and hydrogenated fats may 
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also help to improve children’s cognitive ability.  The consumption of foods like fish 

that are rich in essential fatty acids have also been associated with improved health 

outcomes, as these fats raise high density lipoprotein (HDL) levels that are associated 

with a decreased risk of cardiovascular disease.  The current work on children and 

previous research on infants and adults indicate that regular consumption of these fats 

may also improve cognitive ability. 

The findings in this thesis contribute to the research literature by identifying factors 

associated with children’s intelligence.  However, there are a number of research areas 

that require further investigation.  Firstly, more research is needed to examine the role 

that diet plays in children’s cognitive development.  This study focused on the 

consumption of food groups and described a number of potential mechanisms that may 

underlie the association between foods such as margarine and intelligence.  However, 

further analysis is needed to identify the nutrients in these foods that may specifically 

affect cognitive functioning.  Because measuring dietary intake is a difficult task, due to 

factors such as measurement error, these results should be interpreted with caution until 

they have been replicated.  Secondly, the present study focused solely on general, verbal 

and non-verbal intelligence scores as the main measures of children’s cognitive ability.  

These scores provide valid, reliable measures of children’s overall cognitive 

functioning.  However, these global measures should be considered to provide a basis 

from which future research can be undertaken that will identify specific cognitive 

processes that are affected by factors such as nutrition.  As previously described, global 

measures of intelligence may not identify subtle cognitive changes associated with 

specific risk factors such as maternal marijuana use.  Therefore, future research is 

needed to examine the impact that factors, such as diet, have on specific cognitive 

processes such as attention and memory. 

In conclusion, this study has successfully identified a number of factors that are 

significantly associated with intelligence in middle childhood, including factors 

associated with intelligence in children born SGA.  In the past, there has been 

considerable research and debates regarding what factors are significantly associated 

with intelligence.  Findings from this study indicate that there is still much research 

needed to be conducted in order to identify and quantify other important environmental 

and biological determinants of children’s cognitive ability and development.  
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Table 1: Studies that have examined the Association between SGA Status and Measures of Intelligence and Cognitive Development 
in the First Two Years of Life 

Study Participants SGA definition  Cognitive measure and 
age 

Results 

     
Parmelee &  Germany, term SGA (n=22) & term 10th centile Gesell development tests  Difference = NS* 
Schulte, 1970 AGA (n=25), all babies born at term  (10 mths)  
     
Rubin et al. 
1973 

 USA, SGA(n=46) & AGA (n=85), all 
babies born at term 

<2500g Bayley† (8 mths) Difference = NS*  

     
Low et al. 
1978 

Canada, SGA (n=86) & AGA (n=97) 
Note: 6 children were preterm 

10th centile Bayley† (6 & 12 mths)  Difference = NS* (6 mths) 
SGA =  MDI‡ & PDI§ scores║ 
(unadjusted) (12 mths) 

     
Watt & 
Strongman, 
1985 

NZ, SGA (n=9), Full term (n=10), 
preterm (n=9),  

<3rd centile (mean 
gest. age = 38.3 
weeks) 

Bayley† (4 mths) SGA =  MDI‡ scores║ 
(unadjusted) 

     
Watt, 1986 NZ, SGA (n=9), AGA (n=10) <3rd centile Bayley† MDI (10 mths) SGA =  MDI‡ scores║  
    (unadjusted) 
     
Watt, 1990 NZ, SGA (n=26), AGA (n=26), all  3rd centile Bayley† (12 mths) SGA =  MDI‡ scores║  
 babies born at term   (unadjusted) 
     
Pryor, 1996 NZ, term SGA (n=65), term AGA  3rd centile Bayley† (12 mths) Difference = NS* (MDI‡ & PDI§) 
 (n=20)    
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Table 1 Continued 
     
Nelson et  USA, term SGA (n=294) & term AGA  15th centile Fagan test of infant SGA =  PDI§ scores║  
al. 1997 (n=423)  Intelligence, Bayley† (12  MDI‡ & Fagan = NS* 
   mths) (unadjusted – but all low SES) 
     
Markestead  Norway & Sweden (SGA=265) &  15th centile  Bayley† (13 mths) SGA =  MDI‡ scores║**   
et al, 1997 (AGA=329), all babies born term.   SGA = PDI§ scores (NS) 
 AGA = 10% random sample    
     
Grantham & Brazil, term SGA (n=131) & term AGA  <2500g Bayley† (6mths & 12mths)  SGA =  MDI‡ scores and   
McGregor, (n=131),    PDI‡ scores║**   
1998     
     
Slykerman, 
2005 

NZ, term SGA (n=263) & term AGA 
(n=392) 

10th centile R-PDQ†† Difference=NS* 

     
* Non-significant at a <0.05 level 
† Bayley scales of infants development 
‡ Mental development index 
§ Psychomotor development index 
║ Significant at a 0.05 level 
** Adjusted in multivariable analysis 
†† Revised Denver Prescreening Developmental Questionnaire 
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Table 2: Studies that have examined the Association between SGA Status and Measures of Intelligence and Cognitive Development 
in Children Older than 2 Years of Age 

Study Participants SGA definition  Cognitive measure and 
age 

Results 

     
Babson et al. 
1969 

USA, term SGA (n=43) & term 
AGA (n=54) 

10th centile Stanford Binet (4yrs) Difference = NS* (3.2 points) 

     
Fitzhardinge & 
Steven, 1972 

Canada, term SGA (n=96) & term 
AGA (n=36) siblings  

Less than 2 SD mean 
weight  for birth hospital 

Stanford Binet, WPPSI† , 
WISC‡ (4-8yrs) 

Difference = NS* 

     
Fancourt et al. 
1976 

UK, SGA (n=60) 
 

10th centile + ultrasound Griffiths§ (4yrs) SGA  scores if  IUGR 
diagnosed at <26wk║ 
(unadjusted)  

     
Harvey et al. 
1982 

UK, SGA (n=51), AGA (n=51)  10th centile + ultrasound McCarthy Scales of 
Children’s Abilities (5yrs) 

Children diagnosed with IUGR 
at <26 wks =  scores║ 
(controls matched for sex, 
SES, birth order, birth data) 

     
Silva et al. 
1984 

NZ, SGA (n=71), preterm (n=31), 
full-term NBW (n=748) 

10th centile Peabody picture 
vocabulary test (3yrs), 
Stanford Binet (5 yrs), 
WISC‡-Revised (7 & 9yrs) 

SGA =  IQ scores║**  

     
Walther, 1988 Holland, term SGA (n=24) & term 

AGA (n=24) all babies born at 
term, SGA = disproportionate 
IUGR 

10th centile + ponderal 
index <5th centile 

Academic reports 
(teacher) (7yrs) 

SGA =  motor skills║ (controls 
matched for age, sex, birth 
order and social class) 
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Table 2 Continued 
     
Gorman & 
Pollitt, 1992 

Guatemala, term SGA (n=41) & term 
AGA (n=85) 

10th centile, 
appropriate 
ponderal index 
(API) 

Preschool battery 
designed for Guatemalan 
study (36, 48 & 60 mths) 

SGA =  Verbal (36 mths) ║** 
 

     
Pryor, 1992 NZ, term SGA (n=67) & AGA(n=46) 3rd centile Stanford-Binet (mean 

age = 4.1 yrs) 
SGA =  scores║  (controls matched 
for sex, birth order, singleton vs. 
twin, parity, ethnicity & maternal 
age)  

     
Fattal-Valevski 
et al. 1999 

Israel, SGA & IUGR (n=85) & AGA 
(n=42).  26 of the 85 SGA children 
were preterm; 15 of AGA children 
were preterm 

5th centile & 
IUGR 
(asymmetric 
brain-body ratio) 

46-item 
neurodevelopment scale 
(3 yrs), Stanford Binet (3 
yrs) 

SGA = neurodevelopment 
scores║**.  Difference in IQ = NS* 

     
Sommerfelt et 
al. 2000 

Norway & Sweden, SGA (n=338) & 
AGA (n=335) all born at term 

15th centile WPPSI†-R (5 yrs) SGA =  Verbal IQ║** 
SGA =  Performance IQ║** 

     
Hollo et al., 
2002 

Finland, SGA (n=106) & AGA (n=105), 
8 SGA children born preterm, 7 AGA 
born preterm 

2.5 centile Academic achievement 
(10 yrs); WISC‡-R (10 
yrs) 

SGA =  achievement & IQ scores║ 
(unadjusted) 

     
Jeliffe-
Pawlowski & 
Hansen, 2004 

USA, SGA (n=3922) & AGA 
(n=29369), all babies born at term 

Definition based 
on gender/race-
specific weight 
norms for this 
sample 

Bayley (8 mths), 
Neurodevelopmental 
assessment (3 yrs) 
Stanford Binet (4 yrs) 

SGA  risk neurodevelopmental 
delay║** (3 yrs) (controlled for SES)  
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Table 2 Continued 
     
Slykerman, 
2005 

NZ SGA (n=232) & AGA (n=318), all 
babies born at term 

10th centile Stanford Binet Difference = NS* 

     
* Non-significant at a 0.05 level 
† Wechsler Preschool and Primary Scale of Intelligence 
‡ Wechsler Intelligence Scale for Children 
§ Griffith Mental Development Scales 
║ p<0.05 
** Adjusted in multivariable analysis 
†† Bayley scales of infants development 
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Table 3: Studies that have examined the Association between Multiple Measures of Maternal Substance Use during Pregnancy and 
Measures of Intelligence and Cognitive Development in Infants and Children 

Study Participants Pregnancy drug 
measure  

Cognitive 
measure 

Confounders Significant results* 

      
Ottawa 
prenatal 
prospective 
study 
(OPPS). 
Fried & 
Watkinson, 
1988 

Low risk 
sample. 234 
drug exposed 
children + 50 
controls. 12 
mths (n=217), 
24 mths 
(n=153) 

Average ounces of 
absolute alcohol (AA) 
per day; Cigarettes 
(nicotine score = # 
smokes x brand 
nicotine content); 
marijuana (# of joints 
per week) 

Bayley Scales of 
Infant 
Development 
(Bayley) + 
Reynell 
Developmental 
Language Scales 
(Reynell) 

Number of maternal 
factors (e.g., education, 
weight, diet), 
breastfeeding, other 
drugs, pregnancy factors, 
parental health (e.g., 
diabetes), parity, HOME 
test  

Smoking=  mental development 
index (MDI) (12 mths), but non-
significant (NS) at 24mths; 
language = NS 
Alcohol =  MDI (24 mths), note 
– alcohol (vs. smoking & 
marijuana) not statistically related 
to other confounders 
Marijuana = NS 

      
Streissguth 
et al. 1989 

US, 
Approximately 
500 children 
(stratified by 
alcohol & 
smoking) 

Two measures: AA/day 
before mothers realised 
they were pregnant, 
and AA/day during the 
5th month of pregnancy; 
Nicotine use  

WPPSI†; 
Dysmorphology 
examination 
(4yrs) 

Drugs in pregnancy 
(alcohol, aspirin, 
antibiotics), nutrition 
pregnancy, paternal 
education, mother-child 
interaction, gender, 
parity, preschool, race 

Smoking = NS (IQ) 
Alcohol =  FSIQ, VIQ & PIQ 
(PIQ strongest effect). 3 AA/day 
(1.5 oz or 44ml) =  5 IQ points 
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Table 3 continued 
      
OPPS, Fried 
& Watkinson, 
1990 

As described 
previously.  3y 
(n=133), 4y 
(n=130) 

Alcohol (light/no vs. 
moderate/heavy = 
>0.13 AA/day); 
Cigarette (light/no vs. 
heavy= >15 
mg/nicotine/day); 
marijuana (light/no vs. 
heavy = 5+ a week) 

McCarthy Scales 
of Children’s 
Ability 
(McCarthy); 
Reynell; Peabody 
Picture 
Vocabulary Test 
(PPVT) (4y only); 

As described previously Heavy smoking =  verbal scores 
McCarthy (3y & 4y) Reynell (4y) 
PPVT (4y)  
Heavy marijuana use =  motor 
scores (3y) +  memory score 
(McCarthy) (4y) 
Alcohol = verbal scores (3y)  

      
Chasnoff et 
al, 1992 

US, (n=232)  Group 1 = cocaine, 
marijuana and/or 
alcohol; Group 2 = 
marijuana &/or alcohol; 
Group 3 = no substance

Bayley (3, 6, 12, 
18, 24mths) 

Controls matched for 
maternal age, race, SES 

2 drug groups =  MDI  & 
psychomotor development index 
(PDI) (6mths) 
No difference between groups (3, 
12, 18, 24 mths) (BUT  in 
infants exposed to drugs <2 SD 
below the mean on MDI & PDI) 

      
Griffith et al. 
1994 

Same sample 
as Chasnoff et 
al., 1992 
(above)  

Same sample as 
Chasnoff et al., 
1992 (above) 

Stanford Binet (3yrs) Controls matched for 
maternal age, race, SES.  
Analyses adjusted for 
head circumference, child 
behaviour 

Cocaine group =  verbal 
reasoning 
Marijuana group =  
abstract/visual reasoning 
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Table 3 continued 
      
Maternal 
Health 
Practices 
and Child 
Development 
(MHPCD) 
study, Day et 
al. 1994 

US, low SES, 
829 newborns 
(n=655) 

Two groups (1) 
2+ joints per 
month in 1st 
trimester (2) <2 
joints per 
month.   Also, 
daily number of 
joints 

Stanford-Binet (3yrs) Demographic factors 
(e.g., maternal age; SES 
factors (e.g. maternal 
education); maternal 
psychological status; 
home environment; social 
factors (e.g., social 
support); substance use 

Total cohort = NS (total IQ) 
Marijuana =  memory subscale 
African American =  verbal and 
memory 
Groups split to those who did and 
did not attend daycare = African 
American children (no 
daycare/marijuana) =  scores 

      
MHPCD 
study,  
Richardson 
et al. 1995 

As previously 
described, 9 
mths (n=592), 19 
mths (n=645) 

Daily alcohol 
drinks, daily 
marijuana 
joints, packs of 
cigarettes 
smoked per day 
(1st, 2nd & 3rd 
trimester) 

Bayley (9 & 19 mths) As described previously 
plus maternal 
psychosocial 
characteristics, maternal 
medical condition, home 
environment (PROCESS) 

9 months MDI = alcohol or 
tobacco = NS; 3rd trimester 
marijuana =  MDI; PDI = NS for 
all 3 drugs 
 
19 months (MDI & PDI) = alcohol 
tobacco & marijuana  = NS  

      
OPPS, Fried 
et al., 1997 

As previously 
described 
(n=190) 

Cigarette, 
marijuana 
measures 
(previously 
described); 
Cigarette (no, 
light, heavy); 
Marijuana (no, 
1-5 joints a 
week, 6+ joints) 

WISC-III‡ (VIQ; FSIQ; 
VCI); WRAT (9-12yrs); 
PPVT; reading and 
language test 

Income, maternal age & 
weight, parental 
education, maternal drug 
use, passive smoking, 
gender, HOME, maternal 
personality, child health,  

 Prenatal cigarette exposure =  
language and reading 
(pseudoword task) – dose 
response. But VIQ, PPVT, FSIQ 
= NS 
Prenatal passive smoking = NS 
Prenatal marijuana = NS 
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Table 3 continued 
      
OPPS, Fried 
et al., 1998 

As previously 
described 
(n=190) 

As described in 
Fried et al., 
1997 

WISC-III‡, (9-12yrs); 
fluency tests, auditory 
working memory, 
tactual performance 
task, category test, 
Gordon delay task, 
Gordon vigilance task 

As described for Fried et 
al., 1997 

 Prenatal cigarette exposure =  
WISC picture arrangement & FD. 
FSIQ & VIQ = NS 
Passive smoking = NS 
Heavy marijuana use =  
comprehension, block design, 
object assembly, mazes (WISC-
III); Gordon vigilance task & 
category test total errors  

      
Jacobson et 
al. 2002 

US, 345 inner-
city mothers & 
children 

Alcohol, 
smoking 
previous 2wks 
(each prenatal 
visit) + 13mths 
retrospective 

Fagan test (6.5 & 12 
mths); cross-modal 
transfer (12mths); info 
processing speed 
(VexP); 6.5mths ; 
complexity of play + 
Bayley (12-13 mths) 

No confounders 
controlled 

Maternal alcohol reported in 
pregnancy was significantly 
associated all measures, except 
for PDI and 1 play subscore 
(elicited play).  Adverse effects 
seen at levels as low as 0.5 oz 
AA per day 
Maternal smoking =  PDI  

      
OPPS, Fried 
et al. 2003 

As described 
previously 
(n=145) 

As described 
previously  

WRAT§; Auditory & 
visual memory; 
Inhibition of prepotent 
responding (Stroop 
test); WISC-III-Short 
form (13-16yrs) 

As previously described Heavy smoking =  short-form 
WISC, sentence memory, knox 
cube test 
Heavy marijuana =  Peabody 
spelling, abstract designs 
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Table 3 continued 
      
ABC study, 
Slykerman, 
2005 

NZ, 871 
babies at 
birth, approx. 
half born 
SGA (term) 

Maternal smoking 
during pregnancy 
(yes, no); 
marijuana use (yes, 
no) 

R-PDQ║  (12 mths); 
Stanford Binet (3.5yrs) 

Gestation, gender, 
Examiner, maternal 
education & marital status 
& age, SES, parity, 
breastfeeding 

SGA group – smoking =  risk 
development delay (12 mths),  

 IQ score (3.5yrs).   
Marijuana = NS 

      
*p<0.05         
† Wechsler primary and preschool scale of intelligence   
‡ Wechsler Intelligence Scale for Children – Third Edition 
§ Wide range achievement test 
║ Revised Denver Prescreening Developmental Questionnaire 
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Table 4: Studies that have examined the Association between Moderate Maternal Alcohol Use during Pregnancy and Measures of 
Intelligence and Cognitive Development in Infants and Children 

Study Participants Alcohol measure  Cognitive 
measure 

Confounders Significant results* 

      
Greene 
et al. 
1991 

US, Disadvantaged 
families.  Mothers 
with history of alcohol 
problems + controls 
(n=359) 

Daily alcohol consumption 
for previous 2 weeks. 
Average ounces of 
absolute alcohol (AA)/Day 

Bayley infant 
scales of 
development 
(Bayley) mental 
development index 
(MDI) (6mths, 1y, 
2y); Stanford-Binet 
(3y), WPPSI† (4y) 

Subjects + controls 
matched for race, 
smoking, drug use, 
parity, weight, gestation.  
Also HOME, maternal 
age & education & 
weight 

Alcohol =non-significant 
(NS) (in absence of foetal 
alcohol syndrome)  

      
Coles et 
al. 1991 

US, Low-income and 
mostly black (n=68)  

Mothers who drank 
throughout pregnancy 
(n=25); stopped 2nd 
trimester (n=22); no 
drinking or drank little 
(n=21) 

K-ABC‡; academic 
or preacademic 
achievement (5-
8yrs) 

Age, gender, current 
drinking 

Children whose mothers 
drank throughout 
pregnancy =  short-term 
memory & encoding & 
overall mental processing 
+  premath & reading 
scores (compared with the 
other 2 groups) 

      
Autti-
Ramo et 
al. 1992 

Finland, n=60  4 maternal groups: (1) 
Alcohol in 1st trimester only 
(n=20); (2) Alcohol in 1st & 
2nd trimester (n=20); Drank 
alcohol throughout (n=20); 
controls (n=48) 

Bayley, Reynell 
Developmental 
Language Scales 
(Reynell) (mean 
age=27mths) 

Social class, maternal 
education & smoking, 
family size, child in 
orphanage/ foster 
homes, gender, duration 
alcohol exposure 

Children whose mothers 
drank throughout 
pregnancy =  MDI & 
verbal comprehension 
versus children exposed in 
1st trimester only 
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Table 4 Continued 
      
Jacobson 
et al. 
1993 

US, 382 inner-city 
African American 
infants 

Alcohol exposure 
prenatally.  Moderate & 
heavy drinkers over-
represented by including 
all mothers who drank at 
least one drink per day 

Bayley (13 mths)  Numerous including, 
demographics, other 
prenatal exposure, 
children-reading 
environment, current use 
of drugs, lead exposure 

<0.5 oz AA per day (1 
drink) = 2x more likely to 
be bottom 10th percentile 
for MDI  

      
Larroque 
et al. 
1995 

France, mothers & 
children  

Alcohol consumption 
before pregnancy & during 
1st trimester 

McCarthy scales of 
children’s ability 
(McCarthy) (4.5 y) 

Gender, birth order, 
maternal education & 
employment, family 
stimulation, family 
status, child’s age, 
examiner 

Consuming 1.5 oz of AA 
(approx. 3 drinks) per day 
=  7 points general 
cognitive index  

      
Jacobson 
et al. 
2002 

US, 354 inner-city 
African American 
children  

As described in Jacobson 
et al. 1993 

Bayley, Processing 
speed (Fagan test 
of infant 
intelligence); Cross 
modal transfer, 
visual expectancy 
(13mths) 

No confounders 
controlled (Study looked 
at validity of maternal 
report of prenatal alcohol 
vs. postnatal) 

Increasing AA/day =  
slower processing speed, 
visual expectancy,  cross-
modal transfer, lower MDI  

      
Nulman 
et al. 
2004 

Canada, n=102 non-
alcoholic dependent 
mothers  

Exposed to binge drinking 
1st trimester (n=51); 
controls (n=51). Binge 
drinking = >5 drinks in one 
occasion 

Bayley MDI, 
McCarthy or WISC-
III§ (FSIQ) 
depending on age; 
Reynell (3-7+y) 

Controls matched for 
maternal age, SES, 
smoking, time of 
conception with other 
women in group, 
children’s age 

No difference in scores 
(note: binge drinking 
associated with behaviour 
(e.g., disinhibited 
behaviour)) 
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Table 4 Continued 
      
Jacobson 
et al. 
2004 

US, 377 inner-city 
African American 
children  

As described in Jacobson 
et al. 1993 

WISC-III§ (7.5 
years) 

Demographics, other 
prenatal exposure, 
children-reading 
environment, current use 
of drugs, lead exposure, 
test variables (e.g., 
examiner) 

Overall group = NS alcohol 
& IQ scores (except 
Freedom of Distractibility).  
Note: older mothers or 
mothers with drinking 
problems =  FSIQ 

      
Willford 
et al. 
2004 

US, n=580  Assessed each trimester 
of pregnancy. Average 
daily volume + 4 alcohol 
dose groups (Abstain, 
light, moderate, heavy) 

Children’s memory 
scale (14y) 

27 confounders 
including current 
environmental variables, 
maternal & child 
variables & prenatal 
substance use 

Alcohol in 1st trimester =  
learning & memory.  Binge 
drinking 1st trimester = NS 

      
Bailey et 
al. 2004  

US, n=556 children & 
mothers  

Assessed at all prenatal 
visits (previous 2wks).  
Amount of alcohol per day; 
binge (> 5 drinks per 
occasion at least every 2 
wks during pregnancy) 

WPPSI†  (7y) Other drugs, 
demographics, caregiver 
psychopathology, SES, 
maternal VIQ, HOME, 
blood lead level & 
violence exposure 

Alcohol exposure = NS IQ 
Binge drinking (n=56) = 
1.7x more likely to have 
IQ<70 points  

      
      
      
      
      
      
      
      
      



 24 

Table 4 Continued 
      
Burden 
et al. 
2005 

Same sample as 
Jacobson et al. 2004  

Same as Jacobson et al. 
2004 

Battery of 
neuropsychological 
tests that measured 
sustained & 
focused attention, 
executive function 
(WCST); category 
fluency & working 
memory (7.5y) 

As described in 
Jacobson et al. 2004 

Alcohol exposure =  
working memory  

      
Willford 
et al. 
2006 

Same as Willford et 
al. 2004 (n=636) 

Same as Willford et al. 
2004 

Stanford Binet 
(10y) 

Same as Willford et al. 
2004 

Differences found only in 
African American children.  
Alcohol in 1st trimester =  
composite score, lower 
abstract /visual score.  2nd 
trimester =  all scores   

      
Howell et 
al. 2006 

265 low SES 
adolescents  

3 groups; 128 prenatally 
exposed to alcohol (2+ 
drinks a week, but most 
drank heavily), 53 controls, 
84 special education 

WISC-III§; WIAT║; 
grade point 
average 
(mean=15y) 

No SES differences 
between groups 

Alcohol exposed youth = 
IQ & maths subtests.  

Note: all children scored in 
the borderline group of IQ 
functioning 

      
*p<0.05 
† Wechsler primary and preschool scale of intelligence 
‡ Kaufman assessment battery for children 
§ Wechsler Intelligence Scale for Children – Third Edition 
║ Wechsler Individual Achievement test 
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Table 5: Studies that have examined the Association between Maternal Smoking during Pregnancy and Measures of Intelligence and 
Cognitive Development in Infants and Children  

Study Participants Smoking measure  Cognitive measure Confounders Significant results* 
      
UK, National 
Child 
Development 
Study, Butler 
& Goldstein, 
1973 

17,000 
children  

Amount smoked per 
day 

Reading (7yrs); 
Maths, Reading, 
general ability 
(unspecified) (11yrs) 

Maternal height & age & 
social class, family size, 
gender 

Smoking = small  
reading (7y) 
10+ a day = 3mths 
behind in general ability; 
4mths reading; 5mths 
maths 

      
UK, Child 
Health & 
Education 
survey,  
Taylor & 
Wadsworth, 
1984 

 (n=13,135) Average number of 
cigarettes smoked per 
day  

Peabody picture 
vocabulary test 
(PPVT), Copying 
design score (5yrs) 

Breastfeeding, child age & 
gender & BW, parity, home 
assessment, maternal age, 
SES, anthropometric 
measures,    

Smoking = non-
significant (NS) (PPVT & 
Copying design score) 

      
Sexton et al., 
1990 

US, Smoking 
mothers & 
children 
(n=491) 

Women who smoked 
10 cigarettes a day 
divided into 2 grps: (i) 
quit during pregnancy 
(ii) persisted during 
pregnancy 

McCarthy Scales of 
Children’s Abilities 
(McCarthy) (3yrs); 
Minnesota Child 
Development 
Inventory (3yrs) 

Environmental factors, 
characteristics of child, foetal 
maturity 

Persistent smokers =  
general cognitive index 
(+ 3 subscales) on 
McCarthy +  Minnesota 
Inventory scores 
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Table 5 Continued 
      
Ottawa 
prenatal 
prospective 
study (OPPS) 
Makin et al. 
1991 

91 children  Average number of 
smokes per day 
(nicotine score) + 
passive smoking. 3 
grps = active smokers, 
passive smokers, 
nonsmokers 

Neuropsychological 
test battery (including 
Wide range 
achievement test 
(WRAT) + PPVT; 
Wechsler intelligence 
scale for children – 
revised (WISC-R). (6-
9yrs) 

19 confounders (e.g., gender, 
age, marijuana use, alcohol 
use) 

Children of active 
smokers =  speech & 
language scores, WISC-
R FD, Motor score 
(pegboard); Draw-a-man. 
Children of passive 
smokers = scores in 
between other 2 grps 

      
Fergusson & 
Lloyd, 1991 

NZ, 
Christchurch 
study 
(n=1265)  

Daily cigarette intake 
(each trimester) 
recorded at birth 

WISC-R; Burt word 
reading test; 
achievement (maths, 
reading) (8-12yrs) 

SES, maternal education, 
Standard of living, preschool 
education, number of school 
changes, mother-child 
interaction, maternal 
punishment 

Smoking = NS (after 
controlling for 
confounders) 

      
Olds et al. 
1994 

US, 400 
families, 85% 
poor, 
teenagers, 
unmarried 

3 maternal groups: (1) 
smoked 10+ a day (2) 
smoked 1-9 a day (3) 
no smoking. Measured 
at 34 weeks gestation 

Bayley scales of 
infant development 
(Bayley) (12mths); 
Stanford Binet (4yrs) 

BW, gestation, head 
circumference, Apgar, days in 
neonatal unit, maternal 
education & IQ & social class, 
HOME 

Children of mothers who 
smoked 10+ a day =  
4.35 points (4yrs) 

      
McGee & 
Stanton, 1994 

NZ, Dunedin 
study  
(n=1037)  

Smoking in pregnancy 
assessed when children 
were 9 yrs 

PPVT, Reynell, 
Bayley (3 yrs); 
Stanford Binet , 
Reynell, McCarthy 
(5yrs); WISC-R , 
reading (9yrs) 

‘Family adversity’ index (incl. 
SES etc); ‘child rearing’ index 
(e.g., child experiences); 
perinatal complications index; 
child health index 

Smoking = NS 
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Table 5 Continued 
      
Niemala & 
Jarvenpaa, 
1996 

Finland 
(n=726) 

Smoking during 
pregnancy recorded at 
birth of child.  Mothers 
divided into 2 grps (1) 
breastfed <5mths (2) 
breastfed >5 mths 

Non-verbal 
Colombian mental 
maturity scale; Beery 
test (visual 
integration); 
Vocabulary (56 mths) 

Maternal education, marital 
status, number of siblings, 
type of delivery, gender, 
breastfeeding 

Smoking = NS 

      
Trasti et al., 
1999 

Scandinavian 
(n=376; 13 
mths); 
(n=369; 5 
years)  

Smokers (daily) versus 
non-smokers (non-
daily) 

Bayley (13mths) 
Wechsler primary 
and preschool 
intelligence scales 
(WPPSI), Peabody 
Developmental Motor 
Scales (5yrs) 

Maternal education & IQ & 
breastfeeding 

Smoking = NS (13mths) 
Smoking = NS for IQ 
(5yrs) after controlling for 
confounders  
Smoking =  balance 
score 
 

      
Sommerfelt et 
al. 2000 

Norway & 
Sweden, 
SGA(n=338) 
AGA(n=335) 
all born at 
term 

Smoking at conception WPPSI-R (5yrs) Maternal IQ, income, child 
rearing practices,  

Smoking at conception = 
 5.1 PIQ points 

Smoking at conception = 
NS for VIQ 

      
Batstra et al. 
2003 

Netherlands, 
n=570 

Average number of 
smokes daily during 
pregnancy 

Reading, spelling, 
arithmetic (9yrs)  

SES, marital status, gender Smoking =  scores only 
for children who were 
bottle-fed 
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Table 5 Continued 
      
Breslau et al. 
2005 

US, LBW 
(<2500g) and 
controls 
(n=798) 

Maternal smoking 
reported when child 
6yrs (smoked daily for 
2+mths in pregnancy). 
If yes, asked about 
number of smokes  

WISC-R (6 & 11yrs); 
Wechsler adult 
intelligence scale – 
3rd edition (WAIS) (17 
yrs) 

Urban vs. suburban 
residence, maternal IQ & 
education, marital status 
maternal age 

Smoking = NS (after 
adjustment for 
confounders) 
Amount of smoking = NS 
(after adjustment for 
confounders) 

      
Batty et al., 
2006 

Mothers in US 
National 
Longitudinal 
Survey of 
Youth 1979 
(n=5578)  

Number of packs (20 
cigarettes) smoked a 
day (none, <1 pack, >1 
pack) 

Peabody Individual 
Achievement Test 
(subtests = maths, 
reading 
comprehension, 
reading recognition 
(5-14yrs)  

Maternal IQ, ethnicity, infant 
feeding, gestation, BW, other 
drug use, marital status, home 
environment, maternal 
education, poverty 

Smoking = NS (after 
adjustment for 
confounders)  

      
Lawlor et al. 
2006 

Australia, (n= 
3999 at 5 yrs) 
(n=3795 at 14 
yrs)  

Smoking during 
pregnancy (yes/no) 

PPVT (5 yrs); Raven 
& WRAT3 (14yrs) 

Gender, parental 
characteristics (e.g., parental 
education), labour variables, 
Apgar score, BW for 
gestation, breastfeeding, 
height (5yr), BMI (5yr) 

Smoking = NS (5 or 
14yrs) (after adjustment 
for confounders) 

      
*p<0.05 
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Table 6: Studies that have examined the Association between Breastfeeding and Measures of Intelligence and Cognitive 
Development in Children and Adolescents born Normal Birthweight or Full-term 

Study Participants Types of infant 
feeding  

Cognitive measure and 
Age 

Results 

     
Fergusson et 
al. 1982  

NZ, Dunedin (n=1037)  Formula fed (FF), 
Breast fed (BF) 
<4 mths, BF >4 
mths 

Peabody Picture Vocabulary 
Test (PPVT) (3y); Stanford-
Binet (5 yrs); Wechsler 
Intelligence Scale (WISC) (7 
yrs) + language & 
articulation test 

Long-term BF =  3, 5, 7 yrs* (controlled 
for maternal IQ, education, child rearing, 
child experiences, socioeconomic (SES), 
birthweight (BW) gestation) 

     
Young et al. 
1982  

Italy (n=1041) Divided infants 
into high, med, low SES & 
gender 

BF > 7 mths; BF 
& FF,  

Bayley mental development 
index (MDI) + psychomotor 
index (PDI) (6, 8, 10, 12, 14 
& 16 mths) 

Long-term BF =  MDI* at 10 mths (High 
SES grp); 12mths (low & mid SES, female 
only); 14 mths (low SES, male only) 
Long-term BF =  PDI* at 8 mths (low 
SES); 10 mths (high SES, female); 12 
mths (low SES, female); 14 mths (low 
SES, male); 16 mths (high SES male & 
mid SES, female) 

     
Taylor & 
Wadsworth, 
1984 

UK (n=13,135)  BF duration English Picture Vocab Test 
(5 yrs); copying designs,  

BF = * picture vocab & copying designs 
(controlled for SES, gender, behaviour, 
BW, home environment, maternal age, 
birth order) 

     
Morrow-
Tlucak et al. 
1988  

USA (n=229)  FF, BF<4 mths, 
BF>4mths 

Bayley MDI (6 mths, 1 yr, 2 
yrs) 

Longer duration of BF = * MDI (1 & 2yrs) 
(controlled for maternal IQ & age, 
discipline style, smoking, home 
environment) 
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Table 6 Continued 
     
Jacobson & 
Jacobson, 
1992 

USA (n=323)  BF duration; 
exclusive duration

McCarthy General cognitive 
index (McCarthy); PPVT-R 
(4 y) 

BF = NS† (small  McCarthy & PPVT-R) 
after controlling for maternal IQ and 
parenting.   

     
Rogan & 
Gladen, 1993  

USA (n=855) BF duration  Bayley (6, 12, 18 & 24 mths); 
McCarthy (3, 4, 5 yrs); report 
cards (8-10 yrs) 

BF at 24 mo = * MDI & PDI (adjusted) 
BF = * scores on McCarthy & report 
cards (controlled for maternal age, 
education, SES, smoking, drinking, 
gender, BW, birth order, examiner) 

     
Pollock, 1994  UK (n=3838)   BF >3 mths 

(exclus.) (info 
collected at 5 yrs) 

Vocab, drawing & copying 
test  (5 yrs); British Abilities 
Scale (10 yrs) 

BF = Vocab * (5yrs); BF = * BAS verbal 
& total score (10yrs).  BAS subtests = 2.6 
– 3.5 point  for BF*.  Maths & spelling = 
NS†.  (paternal education, maternal 
education, smoking, antenatal class 
attendance, place of birth) 

     
Temboury et 
al. 1994 

Spain (n=229)  FF or BF Bayley MDI & PDI (18-29 
mths) 

BF = * MDI score.  PDI = NS† (controlled 
for SES, maternal education & age & job, 
family size, psychosocial risk (e.g., family 
mental illness), temperament, 
hyperactivity 

     
Florey et al. 
1995 

Scotland (n=592) FF, BF Bayley MDI (18 mths) BF = * MDI  (3.7-5.7 units increase) 
(controlled for SES, maternal education, 
height, alcohol & smoking, placental 
weight, gender, BW, gestation) 
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Table 6 Continued 
     
Niemelä & 
Jarvenpää, 
1996 

Sweden (n=726)   BF<5 mths, BF>5 
mths 

Non-verbal (Colombian 
mental maturity scale); visual 
motor-integration (Beery 
test); vocab (56 mths) 

Long-term BF = * in non-verbal and 
visual motor-integration + NS†  in vocab 
test.  (controlled for SES, maternal 
education, smoking, delivery, gender) 

     
Horwood & 
Fergusson, 
1998 

NZ (n=1265 but sample sizes 
ranged from 772-1064 at 
different ages)  

BF duration; 
exclusive duration

WISC-R (8-9y); Teacher 
rating reading & maths (8y & 
12 yrs); Achievement (10-13 
yrs); High school outcomes 
(18 yrs).  All tests scaled to 
mean of 100, SD=10 

BF = * scores (dose response) (except 
for reading at 8 & 12yrs) (controlled for 
maternal age, education, SES, birth order, 
smoking, living standards, income, 
gender, BW, gestation).  BF > 8mth = 
scores 0.11-0.30 SD units * vs. non BF 

     
Malloy & 
Berndes, 1998 

USA (n=518). High SES 
group 

BF>1day, FF WISC-R (9-10y) NS† when covariates (parental education, 
income) controlled.  BF mean IQ=111; FF 
mean IQ = 110 

     
Wigg et al. 
1998 

Australia (n=601 at 2yrs; 
n=548 at 4 yrs; n=494 at 7 
yrs; n=375 at 11-13 yrs) 

BF; BF duration Bayley (2 yrs); McCarthy (4 
yrs); WISC-R (7 yrs & 11-13 
yrs) 

NS† when covariates (social status, home 
environment, maternal IQ, gender, 
maternal age, birthweight, birth order, 
smoking, marital status, blood lead) 
controlled.  Note: effect sizes were 3.4 
points at 2 yrs; 1.3 pts at 4 yrs; 1.2 pts at 
7 yrs and 0.8 pts at 11-13 yrs 

     
Lucas et al. 
1999 

UK (n=447; 309=FF & 
138=BF).  

BF at least 6 wks Bayley (MDI & PDI) (18mths) Diff = NS† (controlled for social class & 
maternal education) 

     
     
     
     



 32 

Table 6 Continued 
     
Paine et al. 
1999 

Australia (n=96).  BF exclusive 
duration 

Bayley (MDI & PDI) (10-14 
mths) 

 BF = * MDI score for boys only.  PDI = 
NS†.  (controlled for SES, parental 
education, smoking, family size, birth 
order, home environment, gestation, 
birthweight, maternal age, infant age, 
gender) 

     
Jacobson et 
al. 1999 

US (n=280)  BF (Y/N) McCarthy, PPVT-R; WISC-R 
(11 yrs) 

BF = NS† (controlled for maternal IQ, 
home environment, SES, Education) 

     
Quinn et al. 
2001  

Australia (n=3880) BF duration PPVT-R (5 yrs)  BF = * IQ (dose response).  BF 6+ mths 
= 8.2 pts * in females, 5.8pts * in males 
(controlled for factors including 
birthweight, poverty, maternal education & 
age, time in daycare, family size, English 
speaking, infant stimulation at 6 mths)  

     
Oddy et al. 
2003 

Australia 6 yrs (n=1450), 8yrs 
(n=1375).  

BF exclusive 
duration 

PPVT-R (6yrs); WISC Block 
Design subtest (8yrs) 

 BF = * IQ (dose response).  BF > 6mths 
= 3.56pts * PPVT-R.  Block design = NS† 
(controlled for maternal education & age, 
gestation, sex, smoking, birth order 

     
Gustafsson et 
al. 2004 

Sweden (n=131)  BF duration; 
exclusive duration

WISC-III (6.5 yrs) (Full-scale 
IQ, verbal IQ, performance 
IQ) 

Weeks of breastfeeding = positively 
associated with FSIQ, VIQ & PIQ* 
(controlled for birthweight, gestation, 
gender, SES, maternal education, family 
size, birth order) 
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Table 6 Continued 
     
Gómez-
Sanchiz et al. 
2004 

Spain (n=238)  BF duration Bayley (24 mths)  BF = * MDI score (4.3 pts  for BF 
>4mths).  PDI score = NS†  (controlled for 
SES, parental education, birth order) 

     
Evenhouse & 
Reilly, 2005 

US (n=16903 of whom 2734 
are sibling pairs). Analysis 
controlled for birthweight 

BF(Y/N); duration 
(not exclusive) 

PPVT (abbreviated) 
Adolescents 

BF & duration = * in PPVT scores 
(controlled for birth order & gender.  
Sibling matched) 

     
Der et al. 2006 US (n=5475).  BF (Y/N); 

duration 
Peabody individual 
achievement test (4–14 
years, tested biennially) 

BF & duration = NS† (Controlled for SES, 
Home environment, family factors & 
maternal IQ) 

     
*Statistically significant; p<0.05 
† Nonsignificant at a 0.05 level of significance 
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Table 7: Studies that have examined the Association between Breastfeeding and Measures of Intelligence and Cognitive 
Development in Children and Adolescents born Small-for-gestational Age, Low Birthweight or Preterm 

Study Participants Types of 
infant feeding 

Cognitive measure Results 

     
Morley et al. 
1988 

UK (n=771), LBW <1850 
grams (g) 

Formula fed 
(FF), Breast 
fed (BF) 

Bayley mental development 
index (MDI), Developmental 
Profile II (18 mths) 

BF = * MDI (4.3 pts) & DPII (4.4 pts) 
(controlled for maternal education & age, 
gender, birth order, delivery method, 
marital status, socioeconomic status 
(SES), gestation, birthweight (BW), days 
of ventilation 

     
Doyle et al. 
1992  

Australia (n=181) LBW 500-
1500g  

FF (exclus.), 
BF  

Bayley (2y); Wechsler primary 
and preschool scale of 
intelligence (WPPSI) (5y); 
Wechsler intelligence scale for 
children- Revised (WISC-R) 
(8y) 

MDI = NS†; BF = * WPPSI (6 pts); BF = 
* WISC-R (5.8 pts) (Controlled for SES, 

maternal education, BW, gestation, 
maternal age, gender, duration of 
ventilation 

     
Lucas et al. 
1992 

UK (n=300) 7.5-8y; LBW 
<1850g 

FF, BF WISC-R (Abbreviated) 7.5 – 8 
yrs 

BF = * WISC-R (8.3 pts) (dose 
response).  (controlled for SES, maternal 
education, BW, gestation, birth order, 
days of ventilation, gender.   

     
Morris et al. 
1999 

Brazil (n=131 LBW; n=131 
High BW) LBW = 1500-
2499g; HBW = 3000-3499g 

BF first 4wks 
of life 

Bayley MDI and psychomotor 
index (PDI) (6 & 12 mths) 

BF = * MDI (at 6 mths).  PDI & MDI (12 
mths) = NS† (controlled for SES, parental 
literacy, housing, sanitation) 
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Table 7 Continued 
     
Rao et al. 
2002 

Norway & Sweden (n=220 
term SGA; n=299 term AGA)  

BF<12wk, 
BF>12wk, FF 

Bayley MDI & PDI (13 mths); 
WPPSI (5 yrs) 

SGA results: MDI = NS† (BF =  3.3 pts); 
Long-term BF = * FSIQ (5.0 pts); Long-
term BF = * PIQ (5.4 pts) but VIQ = NS† 
(  3.0 pts).  AGA results: FSIQ & PIQ *.   
 (results controlled for maternal education 
& IQ & smoking, neonatal intensive care, 
daycare, gender, Asymmetric IUGR) 

     
Smith et al. 
2003 

US (n=439) <1500g BF duration Kaufman assessment battery 
for children (K-ABC); Peabody 
Picture Vocabulary Test (PPVT) 
-III; Language Fundamentals; 
Memory (verbal learning tests); 
Visual motor abilities (6-8 yrs) 

BF = * visual motor abilities (5.1 pts).  All 
other tests = NS† (3.6 pts for overall IQ, 
2.3 for verbal IQ (controlled for maternal 
verbal ability, home environment, SES) 

     
O’Connor et 
al. 2003 

Chile, UK, US (n=463) 750-
1800gms, <33 wks gestation 

BF until term 
chronologic 
age (hospital) 

Bayley MDI (12 mths)  Duration BF =  MDI (p=0.07) 
(controlled for home environment and 
maternal IQ) 

     
Feldman & 
Eidelman, 
2003 

Israel (n=86) <33 wks 
gestation & <1750g 

BF during 
hospitalization 
(M=57.4 days) 

Bayley (6mths corrected age) BF = * MDI & PDI (controlled for infant’s 
medical risk, amount of breast milk, 
maternal affectionate touch) Note: no 
differences in groups for BW, gestation, 
BW, smoking, drugs, maternal & paternal 
age & education & social support) 
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Table 7 Continued 
     
Morley et al. 
2004 

UK (n=474), Term SGA  BF, FF 
(normal), FF 
(enriched) 

Bayley (18 mths) BF = * MDI & PDI.  7.7 pts for MDI &  
6.0 for PDI (controlled for gender, birth 
order, maternal age & education & height 
& head circumference, smoking, SES) 

     
Slykerman et 
al. 2005 

NZ (n=550) Term SGA = 223 
IQ scores; AGA = 308 IQ 
scores 

BF; BF 
duration; 
exclusive 
duration 

Stanford Binet (3.5 yrs) SGA BF duration & exclusive = * IQ 
(dose response).  BF >12 mths = 6.0 pts .  
BF exclusive >5 mths = 5.9 pts  
(Controlled for maternal education, age, 
smoking, SES, marital status, parity, 
gestation, gender, examiner) 

     
*Statistically significant; p<0.05 
† Nonsignificant at a 0.05 level  
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Table 8: Studies in Developed Countries that have examined the Association between either Iron Status or Iron Supplementation and 
Measures of Intelligence and Cognitive Development  

Study Participants Iron measure or supplement Cognitive measure 
and age 

Results 

     
Sandstead et al. 
1971 

USA (n=100) low 
SES preschool 
children 

Haemoglobin (Hb), Total iron 
binding capacity (TIBC), serum 
iron, transferrin saturation 

Stanford Binet 
(preschool) 

Difference = NS*  (iron measures & IQ) 

     
Cantwell, 1974  USA (n=61) iron 

measured in 
infancy, IQ at 6-
7yrs 

Hb (6-18 mths) Stanford Binet & 
neurological exam (6-7 
yrs) 

Non-anaemic group IQ = 98 vs. 
anaemic group IQ = 92.  (No statistics 
reported) 

     
Oski & Honig, 
1978 

USA (n=24) Hb, serum iron, transferring 
saturation. Two groups: placebo 
(sterile saline intramuscular 
injection), treatment group 
(intramuscular injection of iron-
dextran complex)  

Bayley scales of infant 
development (Bayley)  
(9-26 mths) 

†Mental development index (MDI) for 
treatment group compared with initial 
scores.  Psychomotor development 
index (PDI) = NS* (increase pre and 
post injection) 

     
Oski et al. 1983 USA (n=306)  Iron defiant (ID) non-anaemic 

into 4 groups: iron sufficient, iron 
depleted; 2 x iron deficient 
(based on ferritin, erythrocyte 
protoporphyrin, MCV).  
Treatment = 7 days parenteral 
iron 

Bayley MDI (9-12mths) † MDI in iron-deficient groups’ scores 
after treatment (21.6 points) 
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Table 8 Continued 
     
Palti et al. 1983 Israel (n=873 at 2y; 

n=373 at 3y; n=230 
at 5y)  

Hb at 9 mths Brunet Lezine test at 
2y; Israel test of 
intelligence (MILI) at 
3y; Wechsler preschool 
and primary scale of 
intelligence (WPPSI) 
(5yrs) 

† IQ at 5y with  in Hb 
† IQ at 3y with  in Hb (p=0.07).  

(controlled for maternal education, BW, 
sex, social class) 
 

     
Aukett et al. 
1986 

UK (n=110) Mostly 
Asian 

Hb = 80-110 g/L. Two groups: 
iron supplement (24 mg Ferrous 
+ Vitamin C) vs. placebo (Vit C) 
for 2 mths 

Denver Screening Test 
(17-19 mths) 

Difference between groups = NS* 

     
Deinard et al. 
1986 

USA (n=70)  3 groups: Iron deficiency 
anaemia (IDA) (n=25) + given 
treatment; ID (n=22) + given 
treatment; ID (n=23) + no 
treatment.  Treatment = 6mg/kg 
a day elemental iron for 6 mths 

Bayley MDI (18-24 
mths) 

Difference MDI = NS* between ID 
groups (groups matched for sex, age, 
maternal education, race) 

     
Moffatt et al. 
1994 

Canada (n=283) 
Very low income 
families. Mostly 
American Indian 

Two groups; iron-fortified 
formula (12.8 mg/L) vs. regular 
formula (1.1 mg/L) for 13+ mths. 
Hb, serum iron, TIBC, ferritin, 
free erythrocyte protoporphrin 
also measured.   

Bayley MDI & PDI (6, 
9, 12 & 15 mths) 

Supplement group = † PDI (9, 12 
mths). Difference = NS*: PDI (6 & 
15mths); MDI (all ages). (Groups 
randomised similar SES) 
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Table 8 Continued 
     
Bruner et al. 
1996 

USA (n=73) Supplements (ferrous sulphate - 
650mg twice daily for 8 weeks)    
vs. placebo.  Ferritin & Hb also 
measured 

Symbol Digit Modalities 
Test (visual attention); 
Visual search & 
attention task; Hopkins 
Verbal learning test 
(HVLT) (13-18yrs) 

Supplement group = † HVLT vs. 
controls.  All other tests = NS* (Groups 
matched for ethnicity, age, school 
attended, iron status & cognitive 
measures).   

     
Lynn & Harland, 
1998 

UK (n=413) Daily supplements (17 mg iron, 
70mg ascorbic acid) vs. 
placebos for 16 wks.  Ferritin & 
Hb also measured 

Ravens standard 
progressive matrices 
(12-15 yrs) 

Difference is NS* between groups BUT 
adolescents with low ferritin levels (<12 
ng/ml) & supplement = † 5.78 IQ points 
vs. low ferritin non-supplement group 
(groups matched for age, IQ, sex) 

     
Hurtado et al. 
1999  

USA (n=3771)  IDA = Hb >2 SDs below age & 
sex specific references (info 
taken between birth - 5 years) 

Placement into special 
educational programs 
(10yrs) 

Low Hb =  risk† of placement into 
special education (Controlled for BW, 
maternal education, sex, ethnicity, 
maternal age, age child entered study) 

     
Morley et al. 
1999 

UK (n=493) 18mths 3 groups; cows milk; formula 
(0.9 mg/L); formula (1.2mg/L) 9-
18 mths 

Bayley MDI & PDI 
(18mths) 

Difference = NS* 

     
Williams et al. 
1999 

UK (n=100). Inner 
city infants 

Two groups: cows milk or 
formula (12 mg/L). 7-18 mths 

Griffith Developmental 
Assessment (Griffith)  
(18 & 24 mths) 

18 mths difference = NS*; 24 mths † 
general IQ for cow milk group (5.4 
points) and †scores of personal and 
social subtest  
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Table 8 Continued 
     
National Health 
and Nutrition 
Examination 
Survey – III, 
Halterman et al. 
2001  

USA (n=5398)  ID = 2 values abnormal 
(transferrin saturation, free 
erythrocyte protoporphyrin; 
ferritin).  IDA = abnormal Hb 
<118 (Note: different values 
used in adolescents) 

2 x WISC-R‡ subtests 
(digit span & block 
design); 2 x WRAT-R§ 
subtests (maths & 
reading) (6-16yrs) 

ID & IDA = † maths   (controlled for 
age, gender, race, poverty, caretaker 
education, lead status) 

     
Friel et al. 2001 Canada (n=58) 

LBW babies 
Two formula groups; normal iron 
(13.4mg/L) or high iron 
(20.7mg/L) from birth to 4 mths 

Griffith (3, 6, 9, 12 
mths) 

Difference between groups = NS* (at all 
ages) 

     
Sherriff et al. 
2001  

UK (n=1312)  Hb at 8, 12, 18 mths (continuous 
variable) 

Griffith (18 mths) Hb <90 g/l = 12 points †; Hb <95 g/l = 6 
points †; † Hb up to 95 g/l (at 8 mths) 
=  locomotor subscale score (at 18 
mths).  (controlled for parity, gender, 
ethnicity, breastfeeding, maternal 
smoking, maternal education) 

     
Friel et al. 2003 Canada (n=77) 

Term breastfed 
infants 

Randomly selected to receive 
7.5mg a day of elemental iron (1 
to 6 mths of age) 

Bayley MDI & PDI (12, 
18 mths) 

† PDI at 13 mths (100 pts vs. 93 pts).  
(no difference between groups for SES, 
maternal age, family size, maternal 
weight, BW, gestation, length, head 
circumference, HB or ferritin) 

     
* Non-significant at a >0.05 level 
† Significant at a 0.05 level 
‡ Wechsler intelligence scale for children - Revised 
§ Wide range achievement test – Revised  
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Table 9: Mean Difference in IQ Scores at 7 Years by each Examiner of the 
WISC-III compared with the Total Mean Weighted IQ Score 

Examiner N (%) Mean difference 95% CI p-value 
   
Full-Scale IQ  0.47 
KR 24 (4%) -5.08 (-14.63, 4.47)  
RT 297 (53%) -0.56 (-2.34, 1.22)  
CB 268 (43%) 1.17 (-1.06, 3.40)  
   
Verbal IQ  0.42 
KR 24 (4%) -5.23 (-14.85, 4.39)  
RT 297 (53%) -0.58 (-2.52, 1.36)  
CB 268 (43%) 1.30 (-0.90, 3.50)  
   
Performance IQ  0.69 
KR 24 (4%) -3.82 (-12.56, 4.92)  
RT 297 (53%) -0.38 (-2.20, 1.44)  
CB 268 (43%) 0.97 (-1.56, 3.50)  
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Table 10: Mean Difference in Scoring by Examiners of the WISC-III Video 
Assessments using the Bland Altman Method 

IQ Measure Mean difference SD 95% CI p-value
  
Full-Scale IQ (FSIQ) -0.63 2.20 (-1.51, 0.25) 0.18
  
Verbal IQ (VIQ) -1.13 2.92 (-2.31, 0.05) 0.07
  
Performance IQ (PIQ) 0.46 2.83 (-0.68, 1.60) 0.44
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Figure 1: Agreement between Examiners on the Full Scale IQ Score 
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Figure 2: Agreement between Examiners on the Performance IQ Score 
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Figure 3: Agreement between Examiners on the Verbal IQ Score 



 46

Table 11: Estimates of the Relative Risk of not responding at 7 Years at the 
ABC Study 

  
 OR (95% CI) 
Birthweight p=0.004
SGA 1.52 (1.14, 2.03)
AGA Ref
 
Maternal smoking during pregnancy p<0.001
Yes 2.10 (1.53, 2.87)
No Ref
 
Maternal perceived stress (during pregnancy) p=0.18
High 1.23 (0.91, 1.66)
Low/Medium Ref
 
Maternal social support (during pregnancy) p=0.04
Low/Medium 1.40 (1.02, 1.93)
High Ref
 
Gender p=0.60
Female 0.93 (0.70, 1.23)
Male Ref
 
Gestation p=0.49
37 weeks 1.01 (0.47, 2.17)
38 weeks 0.83 (0.45, 1.54)
39 weeks 0.60 (0.35, 1.03)
40 weeks 0.74 (0.45, 1.21)
41 weeks 0.78 (0.47, 1.28)
42 weeks Ref
 
Maternal school leaving age (At birth) p<0.001
<16 years  2.89 (1.87, 4.45)
16 years 0.96 (0.68, 1.35)
>16 years Ref
 
Paternal school leaving age (At birth) p=0.60
<16 years 1.15 (0.75, 1.77)
16 years 0.89 (0.61, 1.29)
>16 years Ref
 
Parental occupation (At birth) p<0.001
Low  2.61 (1.51, 4.52)
Medium 1.63 (1.19, 2.22)
High Ref
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Maternal marital status (At birth) p<0.001
Single 2.93 (1.81, 4.76)
De facto 1.79 (1.26, 2.53)
Married Ref
 
Parity p=0.98
Multiparous  1.00 (0.75, 1.34)
Primiparous Ref
  
Maternal age (At birth) p<0.001
<24 years 2.75 (1.78, 4.23)
25-29 years 1.55 (1.08, 2.23)
30-34 years Ref
35+ years 0.64 (0.42, 0.98)
 
Delivery method p=0.26
Assisted vaginal 1.31 (0.90, 1.92)
Caesarean 0.90 (0.61, 1.34)
Normal vaginal Ref
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Figure 4: Distribution of Full Scale IQ for SGA and AGA Children at 7 Years of Age 
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Figure 5: Distribution of Verbal IQ for SGA and AGA Children at 7 Years of Age 
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Figure 6: Distribution of Performance IQ for SGA and AGA Children at 7 Years of Age 
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Table 12: Mean Differences in Full-Scale IQ Score at 7 Years in the Total Sample According to Maternal Age at Birth and Maternal 
Hypertension during Pregnancy  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal age at birth of ABC child   0.05 0.83 
<24 years 58 (8%) -5.56 (-10.28, -0.88) -2.46 (-8.30, 3.38)  
25-29 years 136 (25%) -4.01 (-7.56, -0.50) -0.83 (-4.50, 2.84)  
30-34 years 230 (40%) Ref  Ref  
35+ years 158 (27%) -1.57 (-5.25, 2.05) -1.19 (-4.74, 2.36)  
    
Maternal hypertension   0.04 0.002 
Pre-existing 8 (1%) -23.36 (-41.53, -5.27) -18.27 (-28.53, -8.03)  
Pregnancy induced 36 (4%) 0.12 (-6.62, 6.86) -0.16 (-6.28, 5.92)  
No 545 (95%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 13: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Maternal Age at Birth and Maternal 
Hypertension during Pregnancy  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal age at birth of ABC child   0.02 0.72 
<24 years 58 (8%) -5.90 (-10.76, -1.08) -3.37 (-9.10, 2.30)  
25-29 years 136 (25%) -4.41 (-7.92, -0.94) -0.70 (-4.43, 2.93)  
30-34 years 230 (40%) Ref  Ref  
35+ years 158 (27%) -0.93 (-4.92, 3.00) -0.55 (-4.35, 3.21)  
    
Maternal hypertension   0.34  
Pre-existing 8 (1%) -20.40 (-48.20, 7.43)  
Pregnancy induced 36 (4%) -0.80 (-5.74, 4.14)  
No 545 (95%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 14: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Maternal Age at Birth and Maternal 
Hypertension in Pregnancy  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal age at birth of ABC child   0.36  
<24 years 58 (8%) -3.87 (-9.06, 1.28)  
25-29 years 136 (25%) -2.83 (-6.76, 1.08)  
30-34 years 230 (40%) Ref   
35+ years 158 (27%) -1.84 (-5.54, 1.82)  
    
Maternal hypertension   <0.001 <0.001 
Pre-existing 8 (1%) -23.98 (-30.45, -17.55) -20.96 (-28.72, -13.20)  
Pregnancy induced 36 (4%) 1.33 (-7.29, 9.95) 1.35 (-6.75, 9.43)  
No 545 (95%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 15: Mean Differences in Full Scale IQ Score at 7 Years in the Total Sample According to Pregnancy Iron Supplementation, 
Anaemia Medication in Pregnancy and Pregnancy Haemoglobin Levels  

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Iron supplementation    
Yes 236 (45%) -1.29 (-4.14, 1.54) 0.37  
No 353 (55%) Ref   
    
Anaemia medication    
Yes 101 (19%) -1.06 (-4.42, 2.28) 0.54  
No 486 (81%) Ref   
    
Lowest pregnancy haemoglobin     
<110 g/L 20 (5%) -4.98 (-11.41, 1.45) 0.13  
>110 g/L 402 (95%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 16: Mean Differences in Verbal Scale IQ Score at 7 Years in the Total Sample According to Pregnancy Iron Supplementation, 
Anaemia Medication in Pregnancy and Pregnancy Haemoglobin Levels  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Iron supplementation    
Yes 236 (45%) -1.24 (-4.20, 1.68) 0.41  
No 353 (55%) Ref   
    
Anaemia medication    
Yes 101 (19%) -0.64 (-3.96, 2.66) 0.70  
No 486 (81%) Ref   
    
Lowest pregnancy haemoglobin     
<110 g/L 20 (5%) -7.17 (-13.09, -1.25) 0.02 -12.10 (-17.20, -7.00) <0.001 
>110 g/L 402 (95%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 17: Mean Differences in Performance Scale IQ Score at 7 Years in the Total Sample According to Pregnancy Iron 
Supplementation, Anaemia Medication in Pregnancy and Pregnancy Haemoglobin Levels  

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Iron supplementation    
Yes 236 (45%) -1.10 (-4.13, 1.91) 0.47  
No 353 (55%) Ref   
    
Anaemia medication    
Yes 101 (19%) -1.03 (-5.15, 2.53) 0.51  
No 486 (81%) Ref   
    
Lowest pregnancy haemoglobin     
<110 g/L 20 (5%) -1.59 (-9.27, 6.09) 0.69  
>110 g/L 402 (95%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 18: Mean Differences in Full-Scale IQ Score at 7 Years in the Total Sample According to Smoking Cigarettes and Marijuana 
during Pregnancy  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Smoked during pregnancy    
Yes 124 (14%) -3.31 (-7.13, 0.51) 0.09 -0.72 (-4.75, 3.32) 0.73 
No 457 (86%) Ref  Ref  
    
Marijuana use in pregnancy    
Yes 33 (3%) -0.29 (-7.89, 7.29) 0.94  
No 550 (97%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 19: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Smoking Cigarettes and Marijuana during 
Pregnancy  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Smoked during pregnancy    
Yes 124 (14%) -3.95 (-7.56, -0.34) 0.03 -1.74 (-5.49, 2.15) 0.37 
No 457 (86%) Ref  Ref  
    
Marijuana use in pregnancy    
Yes 33 (3%) -2.99 (-9.66, 3.66) 0.38  
No 550 (97%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 20: Mean Differences in Performance IQ Score at 7 years in the Total Sample According to Smoking Cigarettes and Marijuana 
during Pregnancy  

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Smoked during pregnancy    
Yes 124 (14%) -2.02 (-6.55, 2.51) 0.38  
No 457 (86%) Ref   
    
Marijuana use in pregnancy    
Yes 33 (3%) 2.79 (-5.32, 10.90) 0.50  
No 550 (97%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 21: Mean Differences in Full Scale IQ Score at 7 years in the Total sample According to Pregnancy Alcohol Intake  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Alcohol use in first month    
Alcohol     
Yes 322 (53%) 1.69 (-1.14, 4.50) 0.24  
No 264 (47%) Ref   
    
>7 drinks per week    
Yes 55 (8%) 4.09 (-0.43, 8.59) 0.08 3.29 (-1.56, 8.12) 0.18 
No 531 (92%) Ref  Ref  
    
15+ drinks per week    
Yes 19 (3%) 1.94 (-7.20, 11.06) 0.68  
No 567 (97%) Ref   
    
Alcohol use in last month    
Alcohol    
Yes 241 (40%) 2.84 (0.02, 5.66) 0.05 2.00 (-0.90, 4.86) 0.17 
No 345 (60%) Ref  Ref  
    
Binge drinking    
Binge (5 or more drinks)    
Yes 61 (8%) 1.29 (-4.08, 6.66) 0.64  
No 528 (92%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 22: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Pregnancy Alcohol Intake 

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Alcohol use in first month    
Alcohol     
Yes 322 (53%) 3.41 (0.51, 6.31) 0.02 3.17 (0.09, 6.21) 0.04 
No 264 (47%) Ref  Ref  
    
>7 drinks per week    
Yes 55 (8%) 5.23 (0.59, 9.84) 0.03 4.68 (-0.33, 9.67) 0.07 
No 531 (92%) Ref  Ref  
    
15+ drinks per week    
Yes 19 (3%) 4.60 (-3.83, 13.03) 0.28  
No 567 (97%) Ref   
    
Alcohol use in last month    
Alcohol    
Yes 241 (40%) 3.56 (0.64, 6.48) 0.02 2.96 (0.00, 5.92) 0.05 
No 345 (60%) Ref  Ref  
    
Binge drinking    
Binge (5 or more drinks)    
Yes 61 (8%) 2.45 (-3.23, 8.13) 0.40  
No 528 (92%)   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 23: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Pregnancy Alcohol Intake  

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Alcohol use in first month    
Alcohol     
Yes 322 (53%) -0.69 (-3.71, 2.33) 0.66  
No 264 (47%) Ref   
    
>7 drinks per week    
Yes 55 (8%) 1.75 (-2.83, 6.31) 0.45  
No 531 (92%) Ref   
    
15+ drinks per week    
Yes 19 (3%) -1.99 (-10.71, 6.73) 0.66  
No 567 (97%) Ref   
    
Alcohol use in last month    
Alcohol    
Yes 241 (40%) 1.44 (-1.58, 4.46) 0.35  
No 345 (60%) Ref   
    
Binge drinking    
Binge (5 or more drinks)    
Yes 61 (8%) -0.55 (-5.40, 4.28) 0.82  
No 528 (92%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 24: Mean Differences in Full-Scale IQ Score at 7 Years in the Total Sample According to Gender, Gestation and Delivery Method  

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Gender    
Female 303 (51%) -1.62 (-4.44, 1.20) 0.26  
Male 286 (49%) Ref   
    
Gestation   0.52  
37 weeks 24 (3%) -2.13 (-10.50, 6.24)  
38 weeks 56 (6%) 1.29 (-5.30, 7.88)  
39 weeks 118 (22%) -0.70 (-6.08, 4.74)  
40 weeks 177 (31%) -1.54 (-6.83, 3.75)  
41 weeks 157 (27%) -3.70 (-9.31, 1.91)  
42 weeks 587 (11%) Ref   
    
Delivery method   0.31  
Assisted vaginal  90 (17%) 2.84 (-12.56, 6.94)  
Caesarean 105 (15%) 1.81 (-1.84, 5.46)  
Vaginal 386 (68%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 25: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Gender, Gestation and Delivery Method  

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Gender    
Female 303 (51%) -0.78 (-3.72, 2.16) 0.60  
Male 286 (49%) Ref   
    
Gestation   0.46  
37 weeks 24 (3%) 1.73 (-8.93, 12.39)  
38 weeks 56 (6%) 1.43 (-5.29, 8.15)  
39 weeks 118 (22%) -0.23 (-5.98, 5.62)  
40 weeks 177 (31%) -1.81 (-7.51, 3.89)  
41 weeks 157 (27%) -3.35 (-9.25, 2.55)  
42 weeks 587 (11%) Ref   
    
Delivery method   0.53  
Assisted vaginal  90 (17%) 2.22 (-2.29, 6.73)  
Caesarean 105 (15%) -0.72 (-4.42, 2.98)  
Vaginal 386 (68%) Ref   
    
* Weighted to account for disproportionate sampling 
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Table 26: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Gender, Gestation and Delivery 
Method  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Gender    
Female 303 (51%) -2.47 (-5.47, 0.53) 0.11  
Male 286 (49%) Ref   
    
Gestation   0.44  
37 weeks 24 (3%) -5.71 (-13.06, 1.64)  
38 weeks 56 (6%) 0.51 (-6.62, 7.64)  
39 weeks 118 (22%) -0.88 (-6.84, 4.78)  
40 weeks 177 (31%) -0.68 (-5.97, 4.61)  
41 weeks 157 (27%) -3.26 (-8.79, 2.27)  
42 weeks 587 (11%) Ref   
    
Delivery method   0.07 0.51 
Assisted vaginal  90 (17%) 2.83 (-1.17, 6.83) -0.80 (-5.21, 3.61)  
Caesarean 105 (15%) 4.11 (0.33, 7.89) 2.29 (-2.16, 6.74)  
Vaginal 386 (68%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 27: Mean Differences in Full-Scale IQ Score at 7 Years in the Total Sample According to Parental Education Factors at Birth  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal education (Birth)   0.004 0.41 
Left school <17 years (no Uni.) 182 (31%) -6.53 (-10.47, -2.59) -1.84 (-5.79, 2.13)  
Left school >17 years (no Uni.) 246 (43%) -4.79 (-8.26, -1.32) -2.41 (-5.98, 1.12)  
Attended university 153 (25%) Ref  Ref  
    
Paternal education (Birth)   <0.001 0.02 
Left school <17 years (no Uni.) 183 (29%) -8.46 (-11.73, -5.19) -5.26 (-8.98, -1.50)  
Left school >17 years (no Uni.) 170 (34%) -5.20 (-8.59, -1.81) -1.74 (-5.23, 1.75)  
Attended university 210 (37%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  



 67 

Table 28: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Parental Education Factors at Birth  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal’ education (Birth)   0.004 0.28 
Left school <17 years (no Uni.) 182 (31%) -6.19 (-10.33, -2.05) -1.13 (-5.38, 3.16)  
Left school >17 years (no Uni.) 246 (43%) -5.70 (-9.33, -2.07) -2.89 (-6.72, 0.92)  
Attended university 153 (25%) Ref  Ref  
    
Paternal education (Birth)   <0.001 0.002 
Left school <17 years (no Uni.) 183 (29%) -9.36 (-12.79, -5.93) -6.78 (-10.55, -2.95)  
Left school >17 years (no Uni.) 170 (34%) -6.98 (-10.45, -3.51) -4.27 (-8.07, -0.47)  
Attended university 210 (37%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 29: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Parental Education Factors at Birth  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal education (Birth)   0.03 0.60 
Left school <17 years (no Uni.) 182 (31%) -5.57 (-9.59, -1.55) -2.21 (-6.56, 2.14)  
Left school >17 years (no Uni.) 246 (43%) -2.83 (-6.51, 0.85) -1.36 (-5.22, 2.50)  
Attended university 153 (25%) Ref  Ref  
    
Paternal education (Birth)   0.004 0.16 
Left school <17 years (no Uni.) 183 (29%) -5.85 (-9.30, -2.40) -2.66 (-6.93, 1.65)  
Left school >17 years (no Uni.) 170 (34%) -2.26 (-6.02, 1.50) 1.33 (-2.65, 5.31)  
Attended university 210 (37%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  



 69 

Table 30: Mean Differences in Full-Scale IQ Score at 7 Years in the Total Sample According to Socioeconomic Status Factors  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Occupation (Birth)   0.03  
Low 29 (4%) -2.85 (-8.63, 2.93)  
Med 156 (23%) -4.45 (-7.86, -1.04)  
High 404 (73%) Ref   
    
Occupation (7 years)   <0.001 0.06 
Low 31 (5%) -12.75 (-20.69, -4.81) -9.85 (-18.53, -1.18)  
Med 267 (44%) -4.93 (-7.69, -2.17) -2.12 (-5.13, 0.91)  
High 289 (51%) Ref  Ref  
    
Income (Birth)    
< $15,000 20 (1%) -7.33 (-13.92, -0.74) <0.001  
$15,000 - $25,000 26 (3%) 0.27 (-9.67, 10.21)  
$25,001 - $35,000 72 (13%) -7.18 (-11.00, -3.36)  
> $35,000 460 (82%) Ref   
    
Income (7 years)   <0.001 0.24 
=< $50,000 130 (20%) -8.20 (-12.33, -4.01) -2.80 (-7.88, 2.42)  
$50,001 - $70,000 121 (21%) -6.93 (-10.97, -2.89) -4.48 (-8.80, -0.18)  
$70,001 - $100,000 137 (27%) -3.21 (-6.52, 0.10) -1.78 (-5.35, 1.79)  
> $100,000 188 (33%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 31: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Socioeconomic Status Factors  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Occupation (Birth)   0.05  
Low 29 (4%) -2.03 (-8.28, 4.22)  
Med 156 (23%) -4.38 (-7.89, -0.87)  
High 404 (73%) Ref   
    
Occupation (7 years)   <0.001 0.04 
Low 31 (5%) -13.79 (-21.96, -5.62) -10.70 (-19.46, -1.94)  
Med 267 (44%) -5.75 (-8.57, -2.93) -2.18 (-5.20, 0.88)  
High 289 (51%) Ref  Ref  
    
Income (Birth)   <0.001  
< $15,000 20 (1%) -8.77 (-11.87, -5.67)  
$15,000 - $25,000 26 (3%) -2.07 (-10.79, 6.65)  
$25,001 - $35,000 72 (13%) -6.80 (-10.84, -2.76)  
> $35,000 460 (82%) Ref   
    
Income (7 years)   <0.001 0.29 
=< $50,000 130 (20%) -7.43 (-11.58, -3.22) -1.34 (-6.81, 4.29)  
$50,001 - $70,000 121 (21%) -7.16 (-11.24, -3.08) -3.41 (-7.84, 1.02)  
$70,001 - $100,000 137 (27%) -1.21 (-4.86, 2.44) 0.87 (-2.95, 4.69)  
> $100,000 188 (33%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 32: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Socioeconomic Status Factors  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Occupation (Birth)   0.12  
Low 29 (4%) -3.67 (-11.82, 4.48)  
Med 156 (23%) -3.52 (-7.07, 0.03)  
High 404 (73%) Ref   
    
Occupation (7 years)   0.03 0.33 
Low 31 (5%) -8.61 (-16.70, -0.52) -6.57 (-15.88, 2.74)  
Med 267 (44%) -3.12 (-6.16, -0.08) -1.69 (-5.21, 1.85)  
High 289 (51%) Ref  Ref  
    
Income (Birth)   0.02  
< $15,000 20 (1%) -3.84 (-15.11, 7.43)  
$15,000 - $25,000 26 (3%) 3.95 (-6.75, 14.65)  
$25,001 - $35,000 72 (13%) -6.36 (-10.67, -2.05)  
> $35,000 460 (82%) Ref   
    
Income (7 years)   0.002 0.10 
=< $50,000 130 (20%) -7.49 (-11.92, -3.02) -3.83 (-9.22, 1.64)  
$50,001 - $70,000 121 (21%) -5.45 (-9.62, -1.28) -5.01 (-9.60, -0.42)  
$70,001 - $100,000 137 (27%) -4.87 (-8.46, -1.28) -4.43 (-8.51, -0.35)  
> $100,000 188 (33%) Ref  Ref  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 33: Mean Differences in Full-Scale IQ Score at 7 Years in the Total Sample According to Family Factors  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Marital status (7 years)   0.009 0.15 
Single 80 (11%) -7.16 (-11.29, -2.57) -5.73 (-10.63, -0.83)  
New Partner (De facto and married) 34 (5%) -5.37 (-11.01, 0.25) -0.87 (-7.38, 5.64)  
De facto (Biological father) 45 (8%) -1.60 (-6.92, 3.70) 0.06 (-5.33, 5.45)  
Married (Biological father) 430 (76%) Ref  Ref  
    
Birth order (7 years)    0.03 0.02 
Youngest child 183 (36%) -4.44 (-7.65, -1.19) -4.89 (-8.26, -1.48)  
Older & younger siblings 92 (16%) -4.19 (-8.52, 0.14) -5.24 (-9.45, -1.03)  
First born child 233 (39%) Ref  Ref  
No siblings 71 (9%) -4.09 (-8.60, 0.42) -2.11 (-7.02, 2.78)  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 34: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Family Factors  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Marital status (7 years)   0.08 0.24 
Single 80 (11%)  -5.59 (-9.97, -1.23) -3.95 (-8.66, 0.70)  
New Partner (De facto and married) 34 (5%) -2.82 (-9.04, 3.38) 2.92 (-3.30, 9.12)  
De facto (Biological father) 45 (8%) -0.90 (-6.30, 4.48) 1.59 (-3.81, 6.93)  
Married (Biological father) 430 (76%) Ref  Ref  
    
Birth order (7years)    0.18  
Youngest child 183 (36%) -3.19 (-6.59, 0.27)  
Older & younger siblings 92 (16%) -4.15 (-8.54, 0.24)  
First born child 233 (39%) Ref   
No siblings 71 (9%) -2.65 (-7.39, 2.09)  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  



 74 

Table 35: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Family Factors  

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Marital status (7 years)   0.003 0.05 
Single 80 (11%) -7.83 (-12.57, -3.09) -6.88 (-12.09, -1.71)  
New Partner (De facto and married) 34 (5%) -7.18 (-13.43, -0.93) -4.85 (-13.01, 3.29)  
De facto (Biological father) 45 (8%) -1.71 (-7.29, 3.85) -1.28 (-6.97, 4.39)  
Married (Biological father) 430 (76%) Ref  Ref  
    
Birth order (7 years)    0.03 0.04 
Youngest child 183 (36%) -5.03 (-8.43, -1.61) -5.37 (-9.14, -1.58)  
Older & younger siblings 92 (16%) -3.37 (-7.92, 1.18) -3.99 (-8.73, 0.75)  
First born child 233 (39%) Ref  Ref  
No siblings 71 (9%) -4.35 (-9.45, 0.75) -2.03 (-7.42, 3.36)  
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 36: Mean Differences in Full Scale IQ Score at 7 Years According to Stress Factors in Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Perceived stress score (Birth)    
High 181 (31%) -4.02 (-7.12, -0.92) 0.01 -2.00 (-5.23, 1.23) 0.23 
Moderate/Low 405 (69%) Ref  Ref  
    
Perceived stress score (3.5 years)    
High 123 (27%) -2.25 (-5.86, 1.36) 0.22  
Moderate/Low 362 (73%) Ref   
    
Perceived stress score (7 years)    
High 126 (21%) -1.07 (-4.56, 2.42) 0.55  
Moderate/Low 432 (79%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 37: Mean Differences in Verbal IQ Score at 7 Years According to Stress Factors in Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Perceived stress score (Birth)    
High 181 (31%) -3.49 (-6.47, -0.51) 0.02 -1.52 (-4.73, 1.69) 0.35 
Moderate/Low 405 (69%) Ref  Ref  
    
Perceived stress score (3.5 years)    
High 123 (27%) -2.81 (-6.36, 0.74) 0.12  
Moderate/Low 362 (73%) Ref   
    
Perceived stress score (7 years)    
High 126 (21%) -2.66 (-6.29, 0.97) 0.15  
Moderate/Low 432 (79%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 38: Mean Differences in Performance IQ Score at 7 Years According to Stress Factors in Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Perceived stress score (Birth)    
High 181 (31%) -3.93 (-7.83, -0.48) 0.03 -2.30 (-5.83, 1.23) 0.20 
Moderate/Low 405 (69%) Ref  Ref  
    
Perceived stress score (3.5 years)    
High 123 (27%) -1.40 (-5.20, 2.40) 0.47  
Moderate/Low 362 (73%) Ref   
    
Perceived stress score (7 years)    
High 126 (21%) 0.78 (-2.85, 4.41) 0.67  
Moderate/Low 432 (79%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 39: Mean Differences in Full Scale IQ Score at 7 Years According to Social Support Factors in Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Social support (Birth)    
Low 139 (23%) -2.63 (-6.35, 1.09) 0.17  
Normal/High 442 (77%) Ref   
    
Social support (1 year)    
Low 177 (35%) -3.58 (-6.68, -0.48) 0.02 -4.54 (-7.64, -1.44) 0.004 
Normal/High 345 (65%) Ref  Ref  
    
Social support (3.5 years)    
Low 166 (31%) -2.66 (-6.42, 1.10) 0.17  
Normal/High 319 (69%) Ref   
    
Social support (7 years)    
Low 134 (26%) -2.22 (-5.85, 1.41) 0.23  
Normal/High 424 (74%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 40: Mean Differences in Verbal IQ Score at 7 Years According to Social Support Factors in Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Social support (Birth)    
Low 139 (23%) -2.84 (-6.52, 0.84) 0.13  
Normal/High 442 (77%) Ref   
    
Social support (1 year)    
Low 177 (35%) -3.66 (-6.99, -0.33) 0.03 -4.79 (-8.20, -1.38) 0.006 
Normal/High 345 (65%) Ref  Ref  
    
Social support (3.5 years)    
Low 166 (31%) -3.02 (-6.86, 0.82) 0.12  
Normal/High 319 (69%) Ref   
    
Social support (7 years)    
Low 134 (26%) -2.57 (-6.24, 1.10) 0.17  
Normal/High 424 (74%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 41: Mean Differences in Performance IQ Score at 7 Years According to Social Support Factors in Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Social support (Birth)    
Low 139 (23%) -1.91 (-5.75, 1.93) 0.33  
Normal/High 442 (77%) Ref   
    
Social support (1 year)    
Low 177 (35%) -2.97 (-6.13, 0.19) 0.07 -3.63 (-6.81, -0.45) 0.03 
Normal/High 345 (65%) Ref  Ref  
    
Social support (3.5 years)    
Low 166 (31%) -1.61 (-5.37, 2.15) 0.40  
Normal/High 319 (69%) Ref   
    
Social support (7 years)    
Low 134 (26%) -1.40 (-5.03, 2.23) 0.45  
Normal/High 424 (74%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 42: Mean Differences in Full Scale IQ Score at 7 Years According to a Combination of Maternal Stress and Social Support in 
Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Birth   0.03 0.58 
High stress/Low Support 42 (8%) -8.38 (-14.28, -2.48) -3.86 (-9.84, 2.12)  
High stress/High Support 138 (23%) -2.83 (-6.20, 0.54) -1.44 (-5.09, 2.21)  
Low stress/Low Support 96 (15%) -0.95 (-5.44, 3.54) -0.18 (-4.06, 3.70)  
Low stress/High support 303 (54%) Ref  Ref  
    
3.5 years   0.24  
High stress/Low support 43 (10%) -6.76 (-13.42, -0.10)  
High stress/High support 80 (17%) 0.31 (-3.22, 3.84)  
Low stress/Low support 122 (21%) -0.25 (-4.64, 4.14)  
Low stress/High support 239 (52%) Ref   
    
7 years   0.62  
High stress/Low support 34 (8%) -2.49 (-8.25, 3.27)  
High stress/High support 91 (14%) -1.16 (-5.26, 2.94)  
Low stress/Low support 100 (18%) -2.46 (-6.85, 1.93)  
Low stress/High support 331 (61%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 43: Mean Differences in Verbal IQ Score at 7 Years According to a Combination of Maternal Stress and Social Support in Total 
Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Birth   0.04 0.65 
High stress/Low support 42 (8%) -7.87 (-13.38, -2.36) -3.67 (-9.37, 2.03)  
High stress/High support 138 (23%) -2.35 (-5.60, 0.90) -0.91 (-4.52, 2.70)  
Low stress/Low support 96 (15%) -1.34 (-5.99, 3.31) -0.60 (-4.72, 3.52)  
Low stress/High support 303 (54%) Ref  Ref  
    
3.5 years   0.16  
High stress/Low support 43 (10%) -7.09 (-13.19, -0.99)  
High stress/High support 80 (17%) -0.69 (-4.41, 3.03)  
Low stress/Low support 122 (21%) -0.97 (-5.69, 3.75)  
Low stress/High support 239 (52%) Ref   
    
7 years   0.26  
High stress/Low support 34 (8%) -5.43 (-11.21, 0.35)  
High stress/High support 91 (14%) -1.79 (-6.14, 2.56)  
Low stress/Low support 100 (18%) -1.97 (-6.40, 2.46)  
Low stress/High support 331 (61%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 44: Mean Differences in Performance IQ Score at 7 Years According to a Combination of Maternal Stress and Social Support in 
Total Sample 

  Simple Linear Regression*  Multiple regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
    
Birth   0.10 0.68 
High stress/Low support 42 (8%) -7.17 (-13.74, -0.60) -3.48 (-10.50, 3.54)  
High stress/High support 138 (23%) -3.04 (-6.92, 0.84) -1.73 (-5.81, 2.35)  
Low stress/Low support 96 (15%) -0.53 (-5.00, 3.94) 0.14 (-3.94, 4.22)  
Low stress/High support 303 (54%) Ref  Ref  
    
3.5 years   0.47  
High stress/Low support 43 (10%) -4.95 (-11.93, 2.03)  
High stress/High support 80 (17%) 0.94 (-3.06, 4.94)  
Low stress/Low support 122 (21%) 0.61 (-3.66, 4.88)  
Low stress/High support 239 (52%) Ref   
    
7 years   0.69  
High stress/Low support 34 (8%) 0.99 (-4.71, 6.69)  
High stress/High support 91 (14%) -0.25 (-4.66, 4.16)  
Low stress/Low support 100 (18%) -2.41 (-6.72, 1.90)  
Low stress/High support 331 (61%) Ref   
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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 Table 45: Mean Differences in Full Scale IQ Score at 7 Years in the Total Sample According to Breastfeeding and Pacifier Use  

  Simple Linear Regression*  Multiple regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Breastfeeding    
No 21 (3%) -4.96 (-16.85, 6.91) 0.41  
Yes 564 (97%) Ref   
    
Breastfeeding duration   0.45  
Not at all 21 (3%) -4.55 (-16.55, 7.45)  
Less than 6 months 183 (29%) -0.43 (-3.78, 2.92)  
6 to 12 months 245 (44%) Ref   
Longer than 12 months 136 (24%) 2.15 (-1.30, 5.60)  
    
Exclusive breastfeeding   0.25  
Not at all 21 (3%) -6.16 (-18.27, 5.95)  
Less than 2 months 82 (13%) -5.29 (-10.66, 0.08)  
2 to 4 months 265 (46%) -0.17 (-3.38, 3.08)  
5 to 6 months 148 (22%) Ref   
Longer than 6 months 69 (15%) -1.98 (-6.49, 2.53)  
    
Pacifier use (1 year)    
No 290 (51%) 0.39 (-2.51, 3.29) 0.79  
Yes 274 (49%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 46: Mean Differences in Verbal IQ Score at 7 Years in the Total Sample According to Breastfeeding and Pacifier Use  

  Simple Linear Regression*  Multiple regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Breastfeeding    
No 21 (3%) -2.12 (-13.40, 9.14) 0.71  
Yes 564 (97%) Ref   
    
Breastfeeding duration   0.33  
Not at all 21 (3%) -1.21 (-12.64, 10.22)  
Less than 6 months 183 (29%) 0.31 (-3.16, 3.78)  
6 to 12 months 245 (44%) Ref   
Longer than 12 months 136 (24%) 3.24 (-0.43, 6.91)  
    
Exclusive breastfeeding   0.32  
Not at all 21 (3%) -2.77 (-14.29, 8.75)  
Less than 2 months 82 (13%) -5.05 (-10.83, 0.73)  
2 to 4 months 265 (46%) 0.72 (-2.61, 4.09)  
5 to 6 months 148 (22%) Ref   
Longer than 6 months 69 (15%) -1.26 (-6.00, 3.48)  
    
Pacifier use (1 year)    
No 290 (51%) 1.95 (-1.01, 4.95) 0.20  
Yes 274 (49%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 47: Mean Differences in Performance IQ Score at 7 Years in the Total Sample According to Breastfeeding and Pacifier Use  

  Simple Linear Regression*  Multiple regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Breastfeeding    
No 21 (3%) -7.37 (-18.73, 3.97) 0.20  
Yes 564 (97%) Ref   
    
Breastfeeding duration   0.49  
Not at all 21 (3%) -7.59 (-19.06, 3.88)  
Less than 6 months 183 (29%) -1.21 (-4.78, 2.36)  
6 to 12 months 245 (44%) Ref   
Longer than 12 months 136 (24%) 0.60 (-3.03, 4.23)  
    
Exclusive breastfeeding   0.31  
Not at all 21 (3%) -8.90 (-20.58, 2.78)  
Less than 2 months 82 (13%) -4.56 (-9.93, 0.81)  
2 to 4 months 265 (46%) -1.04 (-4.68, 2.62)  
5 to 6 months 148 (22%) Ref   
Longer than 6 months 69 (15%) -2.28 (-7.24, 2.68)  
    
Pacifier use (1 year)    
No 290 (51%) -1.35 (-4.44, 1.76) 0.39  
Yes 274 (49%) Ref   
    
* Weighted to account for disproportionate sample 
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Table 48: Mean Differences in 7 year Full Scale IQ in the Total Sample in Relation to Developmental Delay at 1 Year of Age  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Developmental delay   
>1 delay  157 (28%) -4.77 (-8.12, -1.42) 0.005 -5.12 (-8.45, -1.79) 0.003 
No  346 (72%) Ref Ref  
   
  0.01 0.005 
>2 delay  60 (10%) -7.63 (-13.35, -1.91) -7.39 (-12.43, -2.35)  
1 delay  96 (18%) -3.22 (-6.96, 0.52) -3.92 (-7.92, 0.08)  
No  346 (72%) Ref Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 49: Mean Differences in 7 Year Verbal IQ Score in the Total Sample in Relation to Developmental Delay at 1 Year of Age  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Developmental delay   
>1 delay  157 (28%) -2.83 (-6.40, 0.74) 0.12  
No  346 (72%) Ref  
   
  0.29  
>2 delay  60 (10%) -4.14 (-10.33, 2.05)  
1 delay  96 (18%) -2.11 (-6.11, 1.89)  
No  346 (72%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 50: Mean Differences in 7 Year Performance IQ in the Total Sample in Relation to Developmental Delay at 1 Year of Age  

    Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Developmental delay   
>1 delay  157 (28%) -5.99 (-9.66, -2.32) 0.001 -5.43 (-9.19, -1.67) 0.005 
No  346 (72%)  Ref Ref  
   
  <0.001 0.001 
>2 delay  60 (10%) -10.41 (-15.84, -4.98) -9.91 (-15.36, -4.46)  
1 delay  96 (18%) -3.60 (-7.89, 0.69) -3.07 (-7.52, 1.38)  
No  346 (72%) Ref Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 51:  Mean Differences in Full Scale IQ Score at 7 Years According to Iron Status at 3.5 Years in the Total Sample 

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<111 g/L  13 (4%) -10.50 (17.56, -3.44) 0.004 -10.91 (-20.83, -0.99) 0.03 
>111 g/L 377 (96%) Ref  Ref  
(missing = 199)    
    
Red cell distribution width    
>14% 33 (10%) 0.21 (-7.00, 7.42) 0.95  
<14% 354 (90%) Ref   
(missing = 202)    
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 52: Mean Differences in Verbal IQ Score at 7 Years According to Iron Status at 3.5 Years in the Total Sample 

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<111 g/L 13 (4%) -11.15 (-15.52, -6.77) <0.001 -12.73 (-19.84, -5.62) <0.001 
>111 g/L 377 (96%) Ref  Ref  
(missing  = 199)     
    
Red cell distribution width    
>14% 33 (10%) -0.66 (-8.50, 7.18) 0.87  
<14% 354 (90%) Ref   
(missing = 202)    
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 53: Mean Differences in Performance IQ Score at 7 Years According to Iron Status at 3.5 Years in the Total Sample 

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<111 g/L  13 (4%) -8.09 (-18.14, 1.97) 0.12  
>111 g/L 377 (96%) Ref   
(missing  = 199)     
    
Red cell distribution width    
>14% 33 (10%) 0.88 (-5.33, 7.09) 0.78  
<14% 354 (90%) Ref   
(missing = 202)     
    
* Weighted to account for disproportionate sample 
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Table 54: Mean Differences in Full Scale IQ Score at 7 Years According to Iron Status at 7 Years in the Total Sample 

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<118 g/L  23 (10%) -3.41 (-9.15, 2.33) 0.25  
>118 g/L 230 (90%) Ref   
(missing = 337)    
    
Ferritin   0.36  
<20 ng/ml 24 (8%) 1.85 (-9.85, 13.55)  
20-39 ng/ml 161 (63%) 3.07 (-4.04, 10.18)  
40-59 ng/ml 48 (22%) 6.06 (-1.53, 13.65)  
>60 ng/ml 20 (7%) Ref   
(missing = 339)    
    
Iron saturation    
<14% 25 (9%) 3.27 (-5.01, 9.65) 0.34  
>14% 228 (91%) Ref   
(missing = 337)    
    
* Weighted to account for disproportionate sample 
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Table 55: Mean Differences in Verbal IQ Score at 7 Years According to Iron Status at 7 Years in the Total Sample 

  Simple Linear Regression* Multiple Regression*† 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<118 g/L  23 (10%) -6.51 (-12.94, -0.08) 0.05 -5.58 (-11.89, 0.73) 0.08 
>118 g/L 230 (90%) Ref  Ref  
(missing = 337)    
    
Ferritin   0.22  
<20 ng/ml 24 (8%) 2.00 (-7.99, 11.96)  
20-39 ng/ml 161 (63%) 4.47 (-1.78, 10.72)  
40-59 ng/ml 48 (22%) 7.75 (0.28, 15.22)  
>60 ng/ml 20 (7%) Ref   
(missing = 339)    
    
Iron saturation    
<14% 25 (9%) 3.54 (-3.85, 10.93) 0.35  
>14% 228 (91%) Ref   
(missing = 337)    
    
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 56: Mean Differences in Performance IQ Score at 7 Years According to Iron Status at 7 Years in the Total Sample 

  Simple Linear Regression* Multiple Regression 
 N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<118 g/L  23 (10%) 0.56 (-4.89, 6.01) 0.84  
>118 g/L 230 (90%) Ref   
(missing = 337)    
    
Ferritin   0.65  
<20 ng/ml 24 (8%) 1.60 (-12.83, 16.03)  
20-39 ng/ml 161 (63%) 0.78 (-8.16, 9.72)  
40-59 ng/ml 48 (22%) 3.55 (-5.70, 12.80)  
>60 ng/ml 20 (7%) Ref   
(missing = 339)    
    
Iron saturation    
<14% 25 (9%) 2.32 (-5.01, 9.65) 0.54  
>14% 228 (91%) Ref   
(missing = 337)    
    
* Weighted to account for disproportionate sample 
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Table 57: The Percentage of Children in the Total Sample Consuming Specific 
Types of Foods or Drinks by Frequency at 3.5 Years 

Type of food Frequency    % of Children 
   
   
Fruit* >2 servings a day† 73 
Fruit* >2 a day 68 
Vegetables >2 servings a day† 46 
Vegetables >2 a day 77 
   
Meat, chicken, fish or eggs >1 a day 88 
Red meat‡ >2 a week 73 
Processed meat§ >1 a day 14 
Chicken >1 a week 90 
Eggs >1 a week 73 
Fish║ >1 a week 70 
“Fatty” fish** >1 a week 18 
   
All milk†† and dairy products >2 a day 86 
All milk†† >1 a day 85 
Drinking milk >1 a day 61 
Standard milk >1 a day 41 
Reduced fat and low fat milk‡‡  >1 a day 9 
Dairy products§§ >1 a day 75 
   
All cereals, rice, pasta & breads >4 a day 7 
Breakfast cereals >1 a day 44 
Bread >1 a day 79 
Rice >1 a week 71 
Pasta >1 a week 65 
Butter >1 a day 34 
Margarine >1 a day 48 
   
“Treat” foods║║ >1 a day 85 
“Treat” foods║║ >2 a day 40 
“Treat” foods║║ >3 a day 12 
Chips >1 a week 68 
Candy bars >1 a week 52 
Muesli bars >1 a week 55 
Biscuits & cakes >1 a day 56 
   
Water >1 a day 82 
Water >2 a day 60 
Fruit juice >1 a day 30 
Cordial >1 a day 36 
Soft drinks >1 a day 4 
Soft drinks >3 a week 24 
   
Dietary supplements*** >1 a day 24 
Dietary supplements*** >1 a week 39 
   
All nuts††† >1 a week 24 
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* Does not include fruit juice 
† MOH recommended number of servings 
‡ Liver, beef/pork/lamb as part of a dish, beef/pork/lamb as main dish, corned beef 
§ Bacon/ham, processed meats (e.g., luncheon, salami), hamburger 
║ Fish fillets (fresh or frozen, with or without crumbs), shellfish, all fish under the 
category “fatty” fish 
** Canned tuna in water/brine, canned tuna in oil, dark fish (salmon, sardines – fresh 
or tinned in brine/water), tinned salmon or sardines in oil 
†† Drinking milk, milk on cereals 
‡‡ Reduced-fat (1.5% fat) and low-fat (0.5% fat) milk 
§§ Cheese, yoghurt, ice cream 
║║ Chips, candy bars, muesli bars, biscuits and cakes 
*** General multivitamins, Vitamin C, Iron supplements, Halibut oil 
††† Walnuts, almonds and other nuts 
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Table 58: The Percentage of Children in the Total Sample Consuming Specific 
Types of Foods or Drinks by Frequency at 7 Years 

Type of food Frequency    % of Children 
   
   
Fruit* >2 servings a day† 72 
Fruit* >2 a day 67 
Vegetables >3 servings a day† 39 
Vegetables >3 a day 62 
   
Meat, chicken, fish or eggs >1 a day 97 
Red meat‡ >2 a week 89 
Processed meat§ >1 a day 11 
Chicken >1 a week 91 
Eggs >1 a week 79 
Fish║ >1 a week 68 
“Fatty” fish** >1 a week 24 
   
All milk†† and dairy products >2 a day 79 
All milk†† >1 a day 76 
Drinking milk >1 a day 45 
Standard milk >1 a day 18 
Reduced fat and low fat milk‡‡  >1 a day 11 
Dairy products§§ >1 a day 69 
   
All cereals, rice, pasta & breads >5 a day 1 
Breakfast cereals >1 a day 39 
Bread >1 a day 69 
Rice >1 a week 78 
Pasta >1 a week 85 
Butter >1 a day 23 
Margarine >1 a day 29 
Blended spread >1 a day 19 
   
“Treat” foods║║ >1 a day 97 
“Treat” foods║║ >2 a day 75 
“Treat” foods║║ >3 a day 37 
Chips >1 a week 77 
Candy bars >1 a week 26 
Muesli bars >1 a week 62 
Biscuits & cakes >1 a day 62 
   
Water >1 a day 92 
Water >2 a day 78 
Fruit juice >1 a day 23 
Cordial >1 a day 21 
Soft drinks >1 a day 1 
Soft drinks >3 a week 21 
   
Dietary supplements*** >1 a day 23 
Dietary supplements*** >1 a week 41 
   
All nuts††† >1 a week 61 
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* Does not include fruit juice 
† MOH recommended number of servings 
‡ Liver, beef/pork/lamb as part of a dish, beef/pork/lamb as main dish, corned beef 
§ Bacon/ham, processed meats (e.g., luncheon, salami), hamburger 
║ Fish fillets (fresh or frozen, with or without crumbs), shellfish, all fish under the 
category “fatty” fish 
** Canned tuna in water/brine, canned tuna in oil, dark fish (salmon, sardines – fresh 
or tinned in brine/water), tinned salmon or sardines in oil 
†† Drinking milk, milk on cereals 
‡‡ Reduced-fat (1.5% fat) and low-fat (0.5% fat) milk 
§§ Cheese, yoghurt, ice cream 
║║ Chips, candy bars, muesli bars, biscuits and cakes 
*** General multivitamins, Vitamin C, Iron supplements, Halibut oil 
††† Walnuts, almonds and other nuts 
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Table 59:  Mean Differences in Total IQ Score at 3.5 Years in the Total Sample in Relation to Main Food Groups at 3.5 Years of Age 

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 177 (32%) -0.68 (-3.24, 1.88) 0.60  
 Yes 369 (68%) Ref  
   
Fruit servings (>2 a day) No 142 (27%) 1.30 (-1.52, 4.12) 0.37  
 Yes 405 (73%) Ref  
   
Vegetables (>2 a day) No 128 (23%) 1.96 (-0.68, 4.60) 0.15  
 Yes 419 (77%) Ref  
   
Vegetable servings (>2 a day) No 288 (54%) 0.72 (-1.71, 3.15) 0.56  
 Yes 260 (46%) Ref  
   
All cereal and bread (>4 a day) No 511 (93%) -5.34 (-9.12, -1.56) <0.01 -3.96 (-7.60, -0.20) 0.04 
 Yes 36 (7%) Ref Ref  
   
Meat, chicken, eggs, fish (>1 a  No 62 (12%) -0.20 (-3.70, 3.30) 0.90  
day) Yes 485 (88%) Ref  
   
Milk and dairy products (>2 a  No 76 (14%) 1.41 (-2.47, 5.29) 0.47  
day) Yes 464 (86%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gestation, parity, gender, maternal school leaving age, parental occupation at birth, maternal marital 
status at birth, maternal BMI, children’s BMI, Stanford Binet examiner 
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Table 60: Mean Differences in Total IQ Score at 3.5 Years in the Total Sample in Relation to Breads and Cereals at 3.5 Years of Age 

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
All cereal and bread (>4 a day)  0.03 0.20 
Daily  75 (13%) -6.39 (-11.54, -1.24) -4.81 (-9.77, 0.15)  
2 x day  263 (50%) -5.63 (-9.59, -1.67) -3.93 (-7.79, -0.07)  
3 x day  174 (30%) -4.35 (-8.52, -0.18) -3.32 (-7.53, 0.89)  
4> a day  36 (7%) Ref Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gestation, parity, gender, maternal school leaving age, parental occupation at birth, maternal marital 
status at birth, maternal BMI, child’s BMI, Stanford Binet examiner 
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Table 61: Mean Differences in 7 Year Full Scale IQ Score in Total Sample in Relation to 7 Year Food Frequency for Main Food Groups  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 200 (33%) -0.64 (-3.80, 2.52) 0.69  
 Yes 390 (67%) Ref  
   
Fruit servings (>2 a day) No 168 (28%) -3.99 (-7.36, -0.62) 0.02 -3.10 (-6.61, 0.41) 0.08 
 Yes 422 (72%) Ref Ref  
   
Vegetables (>3 a day) No 226 (38%) -2.80 (-5.74, 0.14) 0.06 -2.10 (-4.94, 0.74) 0.15 
 Yes 364 (62%) Ref Ref  
   
Vegetable servings (>3 a day) No 365 (61%) -0.82 (-3.68, 2.04) 0.58  
 Yes 225 (39%) Ref  
   
All cereal and bread (>4 a day) No 573 (98%) -1.45 (-10.37, 7.47) 0.75  
 Yes 17 (2%) Ref  
   
Meat, chicken, eggs, fish (>1 a  No 23 (3%) 4.64 (-1.20, 10.48) 0.12  
day) Yes 567 (97%) Ref  
   
Milk and dairy products (>2 a  No 132 (21%) 0.34 (-2.97, 3.65) 0.84  
day) Yes 458 (79%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 62: Mean Differences in 7 Year Verbal IQ Score in Total Sample in Relation to 7 Year Food Frequency for Main Food Groups  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 200 (33%) -0.82 (-4.11, 2.47) 0.63  
 Yes 390 (67%) Ref  
   
Fruit servings (>2 a day) No 168 (28%) -4.17 (-7.58, -0.76) 0.02 -3.10 (-6.73, 0.53) 0.09 
 Yes 422 (72%) Ref Ref  
   
Vegetables (>3 a day) No 226 (38%) -2.50 (-5.56, 0.56) 0.11  
 Yes 364 (62%) Ref  
   
Vegetable servings (>3 a day) No 365 (61%) -1.24 (-4.22, 1.74) 0.41  
 Yes 225 (39%) Ref  
   
All cereal and bread (>4 a day) No 573 (98%) -1.79 (-11.34, 7.76) 0.71  
 Yes 17 (2%) Ref  
   
Meat, chicken, eggs, fish (>1 a  No 23 (3%) 8.75 (0.77, 16.73) 0.03 6.97 (-0.71, 14.65) 0.08 
day) Yes 567 (97%) Ref Ref  
   
Milk and dairy products (>2 a  No 132 (21%) 0.07 (-3.38, 3.52) 0.97  
day) Yes 458 (79%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 



 104 

Table 63: Mean Differences in 7 Year Performance IQ Score in Relation to 7 Year Food Frequency for Major Food Groups in Total 
Sample  

   Simple Linear Regression*†  Multiple Linear Regression*† 
  N (%*) 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 200 (33%) -0.41 (-3.68, 2.86) 0.81  
 Yes 390 (67%) Ref  
   
Fruit servings (>2 a day) No 168 (28%) -3.35 (-6.84, 0.14) 0.06 -2.96 (-6.51, 0.59) 0.10 
 Yes 422 (72%) Ref Ref  
   
Vegetables (>3 a day) No 226 (38%) -2.56 (-5.66, 0.54) 0.11  
 Yes 364 (62%) Ref  
   
Vegetable servings (>3 a day) No 365 (61%) -0.24 (-3.32, 2.84) 0.88  
 Yes 225 (39%) Ref  
   
All cereal and bread (>4 a day) No 573 (98%) -0.89 (-9.69, 7.91) 0.84  
 Yes 17 (2%) Ref  
   
Meat, chicken, eggs, fish (>1 No 23 (3%) -1.03 (-4.79, 2.73) 0.59  
a day) Yes 567 (97%) Ref  
   
Milk and dairy products (>2 a  No 132 (21%) 0.41 (-3.26, 4.08) 0.82  
day) Yes 458 (79%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 64: Mean Differences in Total IQ Score at 3.5 Years in the Total Sample According to Food Groups at 3.5 Years of Age 

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a week) No 147 (27%) -1.73 (-4.45, 0.99) 0.21  
 Yes 400 (73%) Ref  
   
Fish  (>1 a week) No 180 (30%) -1.17 (-3.70, 1.36) 0.37  
 Yes 368 (70%) Ref  
   
Fatty Fish   (>1 a week) No 452 (82%) 0.95 (-2.26, 4.16) 0.56  
 Yes 96 (18%) Ref  
   
Margarine (>1 a day) No 284 (52%) 3.09 (0.71, 5.47) 0.01 2.81 (0.34, 5.28) 0.03 
 Yes 263 (48%) Ref Ref  
   
Butter (>1 a day) No 358 (66%) -1.03 (-3.64, 1.58) 0.44  
 Yes 188 (34%) Ref  
   
Vitamin & mineral supplements (>  No 333 (61%) -1.48 (-3.89, 0.93) 0.23  
1 a week) Yes 203 (39%) Ref  
   
Vitamin & mineral supplements  No 405 (76%) 0.06 (-2.64, 2.76) 0.96  
(>1 a day) Yes 131 (24%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gestation, parity, gender, maternal school leaving age, parental occupation at birth, maternal marital 
status at birth, maternal BMI, children’s BMI, Stanford Binet examiner 
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Table 65: Mean Differences in 7- Year Full Scale IQ Score in Total Sample in Relation to 7 Year Food Frequency for Food Groups  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a wk) No 70 (11%) 1.21 (-3.32, 5.74) 0.60  
 Yes 520 (89%) Ref  
   
Fish  (>1 a wk) No 183 (32%) -4.58 (-7.66, -1.50) 0.004 -3.64 (-6.54, -0.74) 0.01 
 Yes 407 (68%) Ref Ref  
   
Fatty fish (>1 a wk) No 450 (76%) -1.95 (-5.30, 1.40) 0.25  
 Yes 140 (24%) Ref  
   
Margarine (>1 a day) No 425 (71%) 2.69 (-0.49, 5.87) 0.10 1.71 (-1.54, 4.96) 0.30 
 Yes 165 (29%) Ref Ref  
   
Butter (>1 a day) No 458 (77%) -1.72 (-4.86, 1.42) 0.28  
 Yes 132 (23%) Ref  
   
Blended spread (>1 a day) No 472 (81%) -3.07 (-6.70, 0.56) 0.10 0.24 (-3.52, 4.00) 0.90 
 Yes 118 (19%) Ref Ref  
   
Vitamin & mineral supplements  No 373 (59%) -1.51 (-4.31, 1.29) 0.29  
(>1 a week) Yes 217 (41%) Ref  
   
Vitamin & mineral supplements  No 461 (77%) -1.93 (-4.95, 1.09) 0.21  
(>1 a day) Yes 129 (23%) Ref  
   
*  Weighted to account for disproportionate sampling 
†  Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 66: Mean Differences in 7- Year Verbal IQ Score in Total Sample in Relation to 7 Year Food Frequency for Food Groups  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a wk) No 70 (11%) 0.69 (-4.27, 5.65) 0.79  
 Yes 520 (89%) Ref  
   
Fish  (>1 a wk) No 183 (32%) -4.14 (-7.32, -0.96) 0.01 -3.29 (-6.25, -0.33) 0.03 
 Yes 407 (68%) Ref Ref  
   
Fatty fish (>1 a wk) No 450 (76%) -0.68 (-4.05, 2.69) 0.69  
 Yes 140 (24%) Ref  
   
Margarine (>1 a day) No 425 (71%) 3.17 (-0.12, 6.46) 0.06 2.17 (-1.20, 5.54) 0.21 
 Yes 165 (29%) Ref Ref  
   
Butter (>1 a day) No 458 (77%) -2.95 (-6.42, 0.52) 0.10 -2.71 (-6.04, 0.62) 0.11 
 Yes 132 (23%) Ref Ref  
   
Blended spread (>1 a day) No 472 (81%) -3.18 (-6.77, 0.41) 0.08 0.75 (-3.21, 4.71) 0.71 
 Yes 118 (19%) Ref Ref  
   
Vitamin & mineral supplements  No 373 (59%) -1.84 (-4.84, 1.16) 0.23  
(>1 a week) Yes 217 (41%) Ref  
   
Vitamin & mineral supplements  No 461 (77%) -1.88 (-5.15, 1.39) 0.26  
(>1 a day) Yes 129 (23%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 67: Mean Differences in 7- Year Performance IQ Score in Total Sample in Relation to 7 Year Food Frequency for Food Groups  

   Simple Linear Regression*  Multiple Linear Regression*† 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a wk) No 70 (11%) 1.53 (-2.61, 5.67) 0.47  
 Yes 520 (89%)  
   
Fish  (>1 a wk) No 183 (32%) -4.17 (-7.50, -0.84) 0.01 -3.36 (-6.65, -0.07) 0.05 
 Yes 407 (68%) Ref Ref  
   
Fatty fish (>1 a wk) No 450 (76%) -3.03 (-6.60, 0.54) 0.10 -2.79 (-6.53, 0.95) 0.14 
 Yes 140 (24%) Ref Ref  
   
Margarine (>1 a day) No 425 (71%) 1.65 (-1.66, 4.96) 0.33  
 Yes 165 (29%) Ref  
   
Butter (>1 a day) No 458 (77%) -0.20 (-3.51, 3.11) 0.91  
 Yes 132 (23%) Ref  
   
Blended spread (>1 a day) No 472 (81%) -2.49 (-6.47, 1.49) 0.22  
 Yes 118 (19%) Ref  
   
Vitamin & mineral supplements  No 373 (59%) -0.78 (-3.72, 2.16) 0.60  
(>1 a wk) Yes 217 (41%) Ref  
   
Vitamin & mineral supplements  No 461 (77%) -1.25 (-4.46, 1.96) 0.45  
(>1 a day) Yes 129 (23%) Ref  
   
* Weighted to account for disproportionate sampling 
† Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 68: Mean Differences in Full-Scale IQ Score at 7 Years in SGA Children According to Maternal Age at Birth and Maternal 
Hypertension in Pregnancy  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal age at birth of ABC child   0.02 0.41 
<24 years 32 (13%) -5.12 (-10.90, 0.66) -1.71 (-8.26, 4.84)  
25-29 years 56 (24%) -5.30 (-9.26, -1.34) -1.98 (-6.04, 2.08)  
30-34 years 92 (39%) Ref  Ref  
35+ years 58 (24%) -0.63 (-4.88, 3.62) -3.48 (-7.57, 0.59)  
    
Maternal hypertension   0.51  
Pre-existing 6 (3%) -6.02 (-16.92, 4.88)  
Pregnancy induced 22 (9%) 1.18 (-4.82, 7.18)  
No 213 (88%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 69: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Maternal Age at Birth and Maternal 
Hypertension in Pregnancy 

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal age at birth of ABC child   0.08 0.44 
<24 years 32 (13%) -4.12 (-10.68, 1.62) -0.57 (-7.06, 5.92)  
25-29 years 56 (24%) -4.95 (-9.59, -1.13) -0.92 (-5.02, 3.18)  
30-34 years 92 (39%) Ref  Ref  
35+ years 58 (24%) -0.27 (-5.18, 3.80) -3.41 (-7.49, 0.67)  
    
Maternal hypertension   0.58  
Pre-existing 6 (3%) -6.35 (-18.29, 5.59)  
Pregnancy induced 22 (9%) 0.13 (-6.02, 6.28)  
No 212 (88%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 70: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Maternal Age at Birth and Maternal 
Hypertension in Pregnancy  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal age at birth of ABC child   0.08 0.62 
<24 years 32 (13%) -5.17 (-10.64, 0.30) -2.62 (-9.52, 4.28)  
25-29 years 56 (24%) -4.53 (-8.88, -0.18) -2.79 (-7.77, 2.19)  
30-34 years 92 (39%) Ref  Ref  
35+ years 58 (24%) -0.76 (-5.19, 3.67) -2.91 (-7.85, 2.03)  
    
Maternal Hypertension   0.47  
Pre-existing 6 (3%) -5.59 (-15.70, 4.52)  
Pregnancy induced 22 (9%) 1.88 (-4.96, 8.72)  
No 212 (88%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 71: Mean Differences in Full Scale IQ Score at 7 Years in SGA Children According to Pregnancy Iron Supplementation, 
Anaemia Medication in Pregnancy and Pregnancy Haemoglobin Levels  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Iron supplementation    
Yes 86 (36%) 2.85 (-0.72, 6.02) 0.10 0.83 (-2.85, 4.51) 0.66 
No 155 (64%) Ref  Ref  
    
Anaemia medication    
Yes 36 (15%) 3.65 (-1.25, 8.55) 0.14  
No 205 (85%) Ref   
    
Lowest pregnancy haemoglobin     
<110 g/L 6 (3%) -1.12 (-6.78, 4.54) 0.70  
>110 g/L 172 (97%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 72: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Pregnancy Iron Supplementation, Anaemia 
Medication in Pregnancy and Pregnancy Haemoglobin Levels  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Iron supplementation    
Yes 86 (36%) 3.66 (0.07, 7.25) 0.05 1.68 (-2.06, 5.42) 0.38 
No 155 (64%) Ref  Ref  
    
Anaemia medication    
Yes 36 (15%) 3.33 (-1.69, 8.35) 0.19  
No 205 (85%) Ref   
    
Lowest pregnancy haemoglobin     
<110 g/L 6 (3%) -1.32 (-6.87, 4.23) 0.64  
>110 g/L 172 (97%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 



 114 

Table 73: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Pregnancy Iron Supplementation, 
Anaemia Medication in Pregnancy and Pregnancy Haemoglobin Levels  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Iron supplementation    
Yes 86 (36%) 1.61 (-1.94, 5.16) 0.37  
No 155 (64%) Ref   
    
Anaemia medication    
Yes 36 (15%) 3.49 (-1.57, 8.55) 0.18  
No 205 (85%) Ref   
    
Lowest pregnancy haemoglobin     
<110 g/L 6 (3%) -0.94 (-8.86, 6.98) 0.82  
>110 g/L 172 (97%) Ref   
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Table 74: Mean Differences in Full Scale IQ Score at 7 Years in SGA Children According to Smoking Cigarettes and Marijuana during 
Pregnancy  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Smoked during pregnancy    
Yes 81 (34%) -4.00 (-7.51, -0.49) 0.03 2.29 (-1.88, 6.46) 0.28 
No 155 (66%) Ref  Ref  
    
Marijuana use    
Yes 22 (9%) -0.85 (-6.18, 4.48) 0.76  
No 215 (91%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 75: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Smoking Cigarettes and Marijuana during 
Pregnancy  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Smoked during pregnancy    
Yes 81 (34%) -3.00 (-6.76, 0.76) 0.12  
No 155 (66%) Ref   
    
Marijuana use    
Yes 22 (9%) -0.98 (-7.27, 5.31) 0.76  
No 215 (91%) Ref   
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Table 76: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Smoking Cigarettes and Marijuana 
during Pregnancy  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Smoked during pregnancy    
Yes 81 (34%) -4.23 (-7.76, -0.70) 0.02 0.26 (-4.64, 4.58) 0.99 
No 155 (66%) Ref  Ref  
    
Marijuana use in pregnancy    
Yes 22 (9%) -0.76 (-5.60, 4.08) 0.76  
No 215 (91%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 77: Mean Differences in Full Scale IQ Score at 7 Years in SGA Children According to Pregnancy Alcohol Intake  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Alcohol use in first month    
Alcohol     
Yes 137 (57%) 0.44 (-2.95, 3.83) 0.80  
No 102 (43%) Ref   
    
>7 drinks per week    
Yes 27 (11%) -1.39 (-6.00, 2.90) 0.54  
No 212 (89%) Ref   
    
15+ drinks per week    
Yes 9 (4%) -0.21 (-9.03, 8.61) 0.96  
No 230 (96%) Ref   
    
Alcohol use in last month    
Alcohol    
Yes 96 (40%) 1.26 (-2.07, 4.59) 0.46  
No 142 (60%) Ref   
    
Binge drinking    
Binge (5 or more drinks)    
Yes 34 (14%) -2.19 (-6.74, 2.36) 0.35  
No 207 (86%) Ref   
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Table 78: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Pregnancy Alcohol Intake  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Alcohol use in first month    
Alcohol     
Yes 137 (57%) -0.53 (-4.16, 3.10) 0.77  
No 102 (43%) Ref   
    
>7 drinks per week    
Yes 27 (11%) -0.40 (-5.10, 4.30) 0.87  
No 211 (89%) Ref   
    
15+ drinks per week    
Yes 9 (4%) 2.48 (-4.77, 9.73) 0.50  
No 229 (96%) Ref   
    
Alcohol use in last month    
Alcohol    
Yes 96 (40%) -0.72 (-4.27, 2.83) 0.69  
No 142 (60%) Ref   
    
Binge drinking    
Binge (5 or more drinks)    
Yes 34 (14%) -0.90 (-5.94, 4.14) 0.73  
No 206 (86%) Ref   
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Table 79: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Pregnancy Alcohol Intake  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Alcohol use in first month    
Alcohol     
Yes 137 (57%) 1.55 (-1.94, 5.04) 0.38  
No 102 (43%) Ref   
    
>7 drinks per week    
Yes 27 (11%) -2.43 (-7.31, 2.45) 0.33  
No 211 (89%) Ref   
    
15+ drinks per week    
Yes 9 (4%) -3.62 (-13.69, 6.45) 0.48  
No 229 (96%) Ref   
    
Alcohol use in last month    
Alcohol    
Yes 96 (40%) 3.16 (-0.27, 6.59) 0.07 2.95 (-1.15, 7.05) 0.16 
No 142 (60%) Ref  Ref  
    
Binge drinking    
Binge (5 or more drinks)    
Yes 34 (14%) -3.31 (-8.05, 1.43) 0.17  
No 206 (86%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 80: Mean Differences in Full-Scale IQ Score at 7 Years in SGA Children According to Gender, Gestation and Delivery Method  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Gender    
Female 125 (52%) -0.52 (-3.83, 2.79) 0.76  
Male 115 (48%) Ref   
    
Gestation  0.80  
37 weeks 15 (6%) -5.54 (-14.05, 2.97)  
38 weeks 32 (13%) -1.44 (-9.32, 6.44)  
39 weeks 40 (17%) -1.99 (-9.36, 5.38)  
40 weeks 71 (29%) -1.82 (-8.74, 5.10)  
41 weeks 65 (27%) -3.33 (-10.19, 3.53)  
42 weeks 18 (7%) Ref   
    
Delivery method   0.35  
Assisted vaginal  30 (13%) 2.73 (-2.01, 7.47)  
Caesarean 52 (22%) 2.45 (-1.78, 6.68)  
Vaginal 155 (65%) Ref   
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Table 81: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Gender, Gestation and Delivery Method  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Gender    
Female 125 (52%) 0.02 (-3.53, 3.57) 0.99  
Male 115 (48%) Ref   
    
Gestation  0.61  
37 weeks 15 (6%) -4.16 (-13.20, 4.88)  
38 weeks 32 (13%) -0.30 (-8.41, 7.81)  
39 weeks 40 (17%) -1.19 (-8.89, 6.51)  
40 weeks 71 (29%) 0.93 (-6.26, 8.12)  
41 weeks 65 (27%) -2.89 (-10.14, 4.36)  
42 weeks 18 (7%) Ref   
    
Delivery method   0.35  
Assisted vaginal  30 (13%) 3.36 (-2.05, 8.77)  
Caesarean 52 (22%) 2.24 (-1.92, 6.40)  
Vaginal 155 (65%) Ref   
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Table 82: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Gender, Gestation and Delivery Method  

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Gender    
Female 125 (52%) -0.92 (-4.35, 2.51) 0.60  
Male 115 (48%) Ref   
    
Gestation  0.79  
37 weeks 15 (6%) -6.14 (-15.72, 3.44)  
38 weeks 32 (13%) -2.25 (-9.97, 5.47)  
39 weeks 40 (17%) -2.28 (-9.49, 4.93)  
40 weeks 71 (29%) -4.28 (-11.04, 2.48)  
41 weeks 65 (27%) -2.82 (-9.37, 3.73)  
42 weeks 18 (7%) Ref   
    
Delivery method   0.67  
Assisted vaginal  30 (13%) 1.48 (-3.36, 6.32)  
Caesarean 52 (22%) 1.87 (-2.95, 6.69)  
Vaginal 155 (65%) Ref   
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Table 83: Mean Differences in Full-Scale IQ Score at 7 Years in SGA Children According to Parental Education Factors at Birth  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal education (Birth)  <0.001 0.02 
Left school <17 years (No Uni.) 87 (36%) -11.60 (-15.50, -7.70) -6.78 (-11.62, -1.94)  
Left school >17 years (No Uni.) 95 (40%) -7.17 (-11.13, -3.21) -4.23 (-8.97, 0.51)  
Attended university 57 (24%) Ref  Ref  
    
Paternal education (Birth)  <0.001 <0.001 
Left school <17 years (No Uni.) 89 (40%) -12.08 (-15.73, -8.43) -10.42 (-15.07, -5.77)  
Left school >17 years (No Uni.) 58 (26%) -4.62 (-8.52, -0.72) -4.10 (-8.92, 0.72)  
Attended university 75 (34%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 84: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Parental Education Factors at Birth  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal education (Birth)  <0.001 0.004 
Left school <17 years 87 (36%) -12.59 (-16.76, -8.42) -9.39 (-14.88, -3.90)  
Left school >17 years 95 (40%) -8.12 (-12.33, -3.91) -6.37 (-11.09, -1.65)  
Attended university 57 (24%) Ref  Ref  
    
Paternal education (Birth)  <0.001 -10.13 (-14.93, -5.33) <0.001 
Left school <17 years 89 (40%) -12.04 (-15.96, -8.12) -5.52 (-10.09, -0.95)  
Left school >17 years 58 (26%) -5.81 (-9.89, -1.73) Ref  
Attended university 75 (34%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 85: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Parental Education Factors at Birth  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Maternal education (Birth)  0.001 0.59 
Left school <17 years (No Uni.) 87 (36%) -8.03 (-12.32, -3.74) -2.43 (-7.98, 3.12)  
Left school >17 years (No Uni.) 95 (40%) -4.60 (-9.01, -0.19) -0.85 (-6.91, 5.21)  
Attended university 57 (24%) Ref  Ref  
    
Paternal education (Birth)  <0.001 0.001 
Left school <17 years (No Uni.) 89 (40%) -9.65 (-13.59, -5.71) -8.71 (-14.16, -3.26)  
Left school >17 years (No Uni.) 58 (26%) -2.28 (-6.85, -2.29) -1.75 (-7.79, 4.29)  
Attended university 75 (34%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 86: Mean Differences in Full Scale IQ Score at 7 Years in SGA Children According to Socioeconomic Status  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Occupation (Birth)  <0.001  
Low 17 (7%) -10.81 (-16.91, -4.71)  
Med 79 (33%) -4.29 (-7.80, -0.78)  
High 145 (60%) Ref   
   
Occupation (7 years)  <0.001 0.77 
Low 17 (7%) -11.36 (-17.26, -5.46) -2.48 (-10.61, 5.65)  
Med 120 (50%) -3.51 (-6.88, 0.14) 0.38 (-2.97, 3.73)  
High 102 (43%) Ref  Ref  
    
Income (Birth)   0.02  
< $15,000 17 (7%) -5.61 (-13.30, 2.03)  
$15,000 - $25,000 17 (7%) -2.85 (-8.71, 3.01)  
$25,001 - $35,000 32 (14%) -7.25 (-12.30, -2.22)  
> $35,000 170 (72%) Ref   
    
Income (7 years)   <0.001 0.30 
=< $50,000 73 (31%) -10.51 (-14.72, -6.30) -4.44 (-9.93, 1.05)  
$50,001 - $70,000 57 (24%) -5.31 (-9.96, -0.66) 0.45 (-4.43, 5.33)  
$70,001 - $100,000 46 (19%) -4.49 (-9.17, 0.19) -0.97 (-6.16, 4.20)  
> $100,000 60 (25%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 87: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Socioeconomic Status  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Occupation (Birth)  <0.001  
Low 17 (7%) -12.23 (-18.15, -6.31)  
Med 79 (33%) -4.53 (-8.41, -0.65)  
High 145 (60%) Ref   
   
Occupation (7 years)  <0.001 0.63 
Low 17 (7%) -12.65 (-18.53, -6.77) -3.15 (-11.75, 5.45)  
Med 120 (50%) -4.01 (-7.62, -0.40) 0.80 (-2.67, 4.27)  
High 102 (43%) Ref  Ref  
    
Income (Birth)   0.005  
< $15,000 17 (7%) -6.17 (-14.60, 2.26)  
$15,000 - $25,000 17 (7%) -4.41 (-10.96, 2.14)  
$25,001 - $35,000 32 (14%) -8.66 (-13.70, -3.62)  
> $35,000 170 (72%) Ref   
    
Income (7 years)   <0.001 0.04 
=< $50,000 73 (31%) -11.86 (-16.45, -7.27) -7.56 (-13.13, -1.99)  
$50,001 - $70,000 57 (24%) -5.61 (-10.33, -0.89) -1.37 (-6.39, 3.65)  
$70,001 - $100,000 46 (19%) -3.29 (-7.99, 1.41) -1.42 (-6.67, 3.83)  
> $100,000 60 (25%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 88: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Socioeconomic Status  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Occupation (Birth)  0.06  
Low 17 (7%) -7.19 (-14.40, 0.02)  
Med 79 (33%) -3.08 (-6.65, 0.49)  
High 145 (60%) Ref   
   
Occupation (7 years)  0.07 0.96 
Low 17 (7%) -8.10 (-15.00, -1.20) -1.38 (-11.04, 8.28)  
Med 120 (50%) -2.10 (-5.67, 1.47) -0.15 (-4.34, 4.04)  
High 102 (43%) Ref  Ref  
    
Income (Birth)   0.45  
< $15,000 17 (7%) -3.58 (-11.54, 4.38)  
$15,000 - $25,000 17 (7%) -0.28 (-6.04, 5.48)  
$25,001 - $35,000 32 (14%) -3.86 (-9.09, 1.37)  
> $35,000 170 (72%) Ref   
    
Income (7 years)   0.03 0.73 
=< $50,000 73 (31%) -6.87 (-11.42, -2.32) 0.03 (-5.95, 6.01)  
$50,001 - $70,000 57 (24%) -3.66 (-8.64, 1.32) 2.54 (-2.95, 8.03)  
$70,001 - $100,000 46 (19%) -4.88 (-10.19, 0.43) -0.10 (-6.08, 5.88)  
> $100,000 60 (25%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 89: Mean Differences in Full Scale IQ Score at 7 Years in SGA Children According to Family Factors  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Marital status (7 years)  0.01 0.23 
Single 41 (17%) -5.46 (-10.11, -0.81) -2.92 (-8.07, 2.22)  
New Partner (De facto and married) 18 (8%) -5.93 (-10.89, -0.97) -5.68 (-12.76, 1.40)  
De facto (Biological father) 18 (8%) 2.57 (-4.29, 9.43) 3.74 (-3.28, 10.76)  
Married (Biological father) 164 (68%) Ref  Ref  
    
Birth order (7 years)   0.44  
Youngest child 60 (25%) -4.47 (-10.37, 1.43)  
Older & younger siblings 36 (15%) -4.11 (-10.44, 2.22)  
First born child 101 (43%) -2.46 (-8.01, 3.09)  
No siblings 39 (17%) Ref   
   
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 90: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Family Factors  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Marital status (7 years)  0.04 0.33 
Single 41 (17%) -5.41 (-10.56, -0.26) -2.08 (-7.22, 3.06)  
New Partner (De facto and married) 18 (8%) -5.99 (-12.05, 0.07) -6.30 (-13.81, 1.21)  
De facto (Biological father) 18 (8%) 2.85 (-4.66, 10.36) 2.46 (-4.73, 9.65)  
Married (Biological father) 164 (68%) Ref  Ref  
    
Birth order (7 years)   0.05 0.02 
Youngest child 60 (25%) -8.37 (-14.37, -2.37) -10.19 (-16.46, -3.92)  
Older & younger siblings 36 (15%) -4.44 (-11.40, 2.52) -8.07 (-14.75, -1.39)  
First born child 101 (43%) -4.57 (-10.23, 1.09) -8.31 (-14.05, -2.57)  
No siblings 39 (17%) Ref  Ref  
   
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 91: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Family Factors  

  Simple Linear Regression Multiple Regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Marital status (7 years)  0.08 0.34 
Single 41 (17%) -4.46 (-9.05, 0.13) -3.09 (-9.01, 2.83)  
New Partner (De facto and married) 18 (8%) -5.13 (-10.62, 0.36) -4.32 (-12.53, 3.89)  
De facto (Biological father) 18 (8%) 1.31 (-4.86, 7.48) 4.12 (-3.05, 11.29)  
Married (Biological father) 164 (68%) Ref  Ref  
    
Birth order (7 years)   0.39  
Youngest child 60 (25%) 0.80 (-5.16, 6.76)  
Older & younger siblings 36 (15%) -3.11 (-9.26, 3.04)  
First born child 101 (43%) 0.59 (-4.98, 6.16)  
No siblings 39 (17%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner  
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Table 92: Mean Differences in Full Scale IQ Score at 7 Years According to Stress Factors in SGA Children 

  Simple Linear Regression  Multiple regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Perceived stress score (Birth)    
High 80 (33%) -2.15 (-5.87, 1.57) 0.26  
Moderate/Low 159 (67%) Ref   
    
Perceived stress score (3.5 years)    
High 50 (24%) -2.76 (-7.07, 1.55) 0.21  
Moderate/Low 155 (76%) Ref   
    
Perceived stress score (7 years)    
High 58 (25%) -4.49 (-8.53, -0.45) 0.03 -3.30 (-8.12, 1.52) 0.18 
Moderate/Low 171 (75%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 93: Mean Differences in Verbal IQ Score at 7 Years According to Stress Factors in SGA Children 

  Simple Linear Regression  Multiple regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Perceived stress score (Birth)    
High 80 (33%) -1.78 (-5.82, 2.26) 0.39  
Moderate/Low 159 (67%) Ref   
    
Perceived stress score (3.5 years)    
High 50 (24%) -3.88 (-8.51, 0.75) 0.10 -1.52 (-6.73, 3.69) 0.57 
Moderate/Low 155 (76%) Ref  Ref  
    
Perceived stress score (7 years)    
High 58 (25%) -4.55 (-8.67, -0.43) 0.03 -4.35 (-9.13, 0.43) 0.08 
Moderate/Low 171 (75%) Ref  Ref  
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 94: Mean Differences in Performance IQ Score at 7 Years According to Stress Factors in SGA Children 

  Simple Linear Regression  Multiple regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Perceived stress score (Birth)    
High 80 (33%) -1.99 (-5.73, 1.75) 0.30  
Moderate/Low 159 (67%) Ref   
    
Perceived stress score (3.5 years)    
High 50 (24%) -0.83 (-5.36, 3.70) 0.72  
Moderate/Low 155 (76%) Ref   
    
Perceived stress score (7 years)    
High 58 (25%) -3.31 (-7.58, 0.96) 0.13  
Moderate/Low 171 (75%) Ref   
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Table 95: Mean Differences in Full Scale IQ Score at 7 Years According to Social Support Factors in SGA Children 

  Simple Linear Regression  Multiple regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Social support (Birth)    
Low 58 (24%) -1.61 (-5.45, 2.23) 0.41  
Normal/High 180 (76%) Ref   
    
Social support (1 year)    
Low 71 (33%) 1.72 (-2.00, 5.44) 0.37  
Normal/High 141 (67%) Ref   
    
Social support (3.5 years)    
Low 78 (38%) 1.85 (-2.03, 5.73) 0.35  
Normal/High 127 (62%) Ref   
    
Social support (7 years)    
Low 52 (23%) -1.45 (-6.06, 3.16) 0.54  
Normal/High 177 (77%) Ref   
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Table 96: Mean Differences in Verbal IQ Score at 7 Years According to Social Support Factors in SGA Children 

  Simple Linear Regression  Multiple regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Social support (Birth)    
Low 58 (24%) -0.95 (-5.03, 3.13) 0.65  
Normal/High 180 (76%) Ref   
    
Social support (1 year)    
Low 71 (33%) 2.18 (-1.84, 6.20) 0.29  
Normal/High 141 (67%) Ref   
    
Social support (3.5 years)    
Low 78 (38%) 1.13 (-2.83, 5.09) 0.58  
Normal/High 127 (62%) Ref   
    
Social support (7 years)    
Low 52 (23%) -1.24 (-6.12, 3.64) 0.62  
Normal/High 177 (77%) Ref   
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Table 97: Mean Differences in Performance IQ Score at 7 Years According to Social Support Factors in SGA Children 

  Simple Linear Regression  Multiple regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Social support (Birth)    
Low 58 (24%) -2.26 (-6.12, 1.60) 0.25  
Normal/High 180 (76%) Ref   
    
Social support (1 year)    
Low 71 (33%) 0.88 (-2.82, 4.58) 0.64  
Normal/High 141 (67%) Ref   
    
Social support (3.5 years)    
Low 78 (38%) 2.32 (-1.78, 6.42) 0.27  
Normal/High 127 (62%) Ref   
    
Social support (7 years)    
Low 52 (23%) -1.73 (-6.18, 2.72) 0.45  
Normal/High 177 (77%) Ref   
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Table 98: Mean Differences in Full Scale IQ Score at 7 Years According to a Combination of Maternal Stress and Social Support in 
SGA Children 

  Simple Linear Regression  Multiple regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Birth   0.15  
High stress/Low support 18 (8%) -7.01 (-13.16, -0.86)  
High stress/High support 61 (26%) -0.27 (-4.60, 4.06)  
Low stress/Low support 39 (16%) 0.53 (-4.00, 5.06)  
Low stress/High support 119 (50%) Ref   
    
3.5 years   0.37  
High stress/Low support 17 (8%) 0.20 (-7.93, 8.33)  
High stress/High support 33 (16%) -3.62 (-8.38, 1.14)  
Low stress/Low support 61 (30%) 1.11 (-3.24, 5.46)  
Low stress/High support 94 (46%) Ref   
    
7 years   0.14  
High stress/Low support 10 (4%) -6.44 (-16.79, 3.91)  
High stress/High support 47 (21%) -4.69 (-9.04, -0.34)  
Low stress/Low support 42 (18%) -1.79 (-6.87, 3.29)  
Low stress/High support 129 (57%) Ref   
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Table 99: Mean Differences in Verbal IQ Score at 7 Years According to a Combination of Maternal Stress and Social Support in SGA 
Children 

  Simple Linear Regression  Multiple regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Birth   0.12  
High stress/Low support 18 (8%) -7.04 (-13.57, -0.51)  
High stress/High support 61 (26%) 0.60 (-4.12, 5.32)  
Low stress/Low support 39 (16%) 1.88 (-2.82, 6.58)  
Low stress/High support 119 (50%) Ref   
    
3.5 years   0.09 0.05 
High stress/Low support 17 (8%) 0.19 (-8.83, 9.21) 6.21 (-0.67, 14.64)  
High stress/High support 33 (16%) -6.42 (-1.44, -1.40) -5.60 (-11.30, 0.10)  
Low stress/Low support 61 (30%) -0.74 (-5.01, 3.53) -0.04 (-4.69, 4.61)  
Low stress/High support 94 (46%) Ref  Ref  
    
7 years   0.18  
High stress/Low support 10 (4%) -7.01 (-17.18, 3.16)  
High stress/High support 47 (21%) -4.37 (-8.84, 0.10)  
Low stress/Low support 42 (18%) -1.21 (-6.66, 4.24)  
Low stress/High support 129 (57%) Ref   
    
* Multiple regression analysis controlled for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, child’s birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 100: Mean Differences in Performance IQ Score at 7 Years According to a Combination of Maternal Stress and Social Support 
in SGA Children 

  Simple Linear Regression  Multiple regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Birth   0.34  
High stress/Low support 18 (8%) -5.78 (-11.95, 0.39)  
High stress/High support 61 (26%) -1.05 (-5.46, 3.36)  
Low stress/Low support 39 (16%) -1.27 (-6.01, 3.47)  
Low stress/High support 119 (50%) Ref   
    
3.5 years   0.65  
High stress/Low support 17 (8%) 0.33 (-7.37, 8.03)  
High stress/High support 33 (16%) 0.36 (-5.05, 5.77)  
Low stress/Low support 61 (30%) 3.00 (-1.66, 7.66)  
Low stress/High support 94 (46%) Ref   
    
7 years   0.34  
High stress/Low support 10 (4%) -4.96 (-14.84, 4.92)  
High stress/High support 47 (21%) -3.79 (-8.55, 0.95)  
Low stress/Low support 42 (18%) -2.28 (-7.20, 2.64)  
Low stress/High support 129 (57%) Ref   
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 Table 101: Mean Differences in Full Scale IQ Score at 7 Years in SGA Children According to Breastfeeding and Pacifier Use  

  Simple Linear Regression  Multiple regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Breastfeeding    
No 12 (5%) -3.89 (-10.40, 2.62) 0.24  
Yes 228 (95%) Ref   
    
Breastfeeding duration   0.02 0.13 
Not at all 12 (5%) -6.20 (-12.96, 0.56) -6.54 (-14.55, -0.35)  
Less than 6 months 83 (35%) -5.49 (-9.21, -1.77) -2.84 (-6.39, 1.69)  
6 to 12 months 95 (40%) Ref  Ref  
Longer than 12 months 50 (21%) -1.44 (-5.95, 3.07) 1.47 (-3.19, 6.11)  
    
Exclusive breastfeeding   0.38  
Not at all 12 (5%) -3.76 (-10.66, 3.14)  
Less than 2 months 38 (16%) -1.64 (-6.79, 3.51)  
2 to 4 months 104 (43%) 0.13 (-3.73, 3.99)  
5 to 6 months 65 (27%) Ref   
Longer than 6 months 21 (9%) 3.68 (-1.79, 9.15)  
    
Pacifier use (1 year)    
No 123 (53%) -0.27 (-3.58, 3.04) 0.88  
Yes 108 (47%) Ref   
    
* Multiple regression analysis adjusted for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner, pacifier use 
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Table 102: Mean Differences in Verbal IQ Score at 7 Years in SGA Children According to Breastfeeding and Pacifier Use  

  Simple Linear Regression  Multiple regression* 
  Estimate 95% CI p-value Estimate 95% CI p-value 
Breastfeeding    
No 12 (5%) -3.07 (-10.99, 4.85) 0.45  
Yes 228 (95%) Ref   
    
Breastfeeding duration   0.008 0.39 
Not at all 12 (5%) -6.36 (-14.47, 1.75) -5.24 (-14.64, 2.92)  
Less than 6 months 83 (35%) -6.72 (-10.70, -2.74) -3.30 (-7.14, 1.60)  
6 to 12 months 95 (40%) Ref  Ref  
Longer than 12 months 50 (21%) -3.82 (-8.50, 0.86) -1.92 (-6.91, 3.05)  
    
Exclusive breastfeeding   0.18  
Not at all 12 (5%) -2.78 (-11.13, 5.57)  
Less than 2 months 38 (16%) -3.39 (-9.09, 2.31)  
2 to 4 months 104 (43%) 1.06 (-2.70, 5.54)  
5 to 6 months 65 (27%) Ref   
Longer than 6 months 21 (9%) 4.09 (-1.05, 9.23)  
    
Pacifier use (1 year)    
No 123 (53%) 0.75 (-2.82, 4.32) 0.68  
Yes 108 (47%) Ref   
    
* Multiple regression analysis adjusted for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner, pacifier use 
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Table 103: Mean Differences in Performance IQ Score at 7 Years in SGA Children According to Breastfeeding and Pacifier Use  

  Simple Linear Regression  Multiple regression* 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Breastfeeding    
No 12 (5%) -3.93 (-8.26, 0.40) 0.08 -7.25 (-13.70, -0.80) 0.03 
Yes 227 (95%) Ref  Ref  
    
Breastfeeding duration   0.08 0.03 
Not at all 12 (5%) -4.72 (-9.48, 0.04) -6.45 (-13.23, 0.33)  
Less than 6 months 83 (35%) -2.98 (-6.96, 1.00) -1.86 (-6.19, 2.47)  
6 to 12 months 95 (40%) Ref  Ref  
Longer than 12 months 50 (21%) 1.35 (-3.43, 6.13) 4.89 (-0.60, 10.30)  
    
Exclusive breastfeeding   0.35   
Not at all 12 (5%) -3.91 (-8.93, 1.11)   
Less than 2 months 38 (16%) 0.72 (-4.61, 6.05)   
2 to 4 months 104 (43%) -0.75 (-4.91, 3.41)   
5 to 6 months 65 (27%) Ref   
Longer than 6 months 21 (9%) 2.70 (-3.75, 9.15)  
    
Pacifier use (1 year)    
No 123 (53%) -1.19 (-4.56, 2.18) 0.49  
Yes 108 (47%) Ref   
    
* Multiple regression analysis adjusted for gender, gestation, smoking during pregnancy, maternal age, maternal marital status, birth order, 
parental occupation, paternal education, maternal education, WISC-III examiner, pacifier use 
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Table 104: Mean Differences in 7 Year Full Scale IQ Score in SGA Children in Relation to Developmental Delay at 1 Year of Age  

   Simple Linear Regression  Multiple Linear Regression 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Developmental delay   
> 1 delay  66 (34%) -1.33 (-5.39, 2.73) 0.52  
No  130 (66%) Ref  
   
  0.55  
> 2 delay  26 (13%) 0.62 (-5.44, 6.68)  
1 delay  39 (20%) -2.55 (-7.41, 2.31)  
No  130 (67%) Ref  
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Table 105: Mean Differences in 7 Year Verbal IQ Score in SGA Children in Relation to Developmental Delay at 1 Year of Age  

   Simple Linear Regression  Multiple Linear Regression 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Developmental delay   
> 1 delay  66 (34%) -0.60 (-4.81, 3.61) 0.78  
No  130 (66%) Ref  
   
  0.17  
> 2 delay  26 (13%) 3.56 (-2.34, 9.46)  
1 delay  39 (20%) -3.30 (-8.42, 1.82)  
No  130 (67%) Ref  
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Table 106: Mean Differences in 7 Year Performance IQ Score in SGA Children in Relation to Developmental Delay at 1 Year of Age  

   Simple Linear Regression  Multiple Linear Regression 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Developmental delay   
> 1 delay  66 (34%) -2.12 (-6.31, 2.07) 0.32  
No  130 (66%) Ref  
   
  0.61  
> 2 delay  26 (13%) - 2.75 (-8.94, 3.44)  
1 delay  39 (20%) -1.60 (-6.66, 3.46)  
No  130 (67%) Ref  
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 Table 107: Mean Differences in Full Scale IQ Score at 7 Years According to Iron Status at 3.5 Years in SGA Children 

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<111 g/L  6 (3%) -1.60 (-11.65, 8.45) 0.76  
>111g/L 169 (97%) Ref   
(missing = 66)    
    
Red cell distribution width    
>14% 18 (10%) -1.72 (-8.21, 4.77) 0.60  
<14% 156 (90%) Ref   
(missing = 67)    
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Table 108: Mean Differences in Verbal IQ Score at 7 Years According to Iron Status at 3.5 Years in SGA Children 

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<111 g/L  6 (3%) -2.29 (-10.70, 6.12) 0.59  
>111g/L 169 (97%) Ref   
(missing = 66)    
    
Red cell distribution width    
>14% 18 (10%) -0.08 (-6.39, 6.23) 0.98  
<14% 156 (90%) Ref   
(missing = 67)    
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Table 109: Mean Differences in Performance IQ Score at 7 Years According to Iron Status at 3.5 Years in SGA Children 

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<111 g/L  6 (3%) -1.00 (-15.50, 13.50) 0.89  
>111g/L 169 (97%) Ref   
(missing = 66)    
    
Red cell distribution width    
>14% 18 (10%) -3.40 (-11.04, 4.24) 0.39  
<14% 156 (90%) Ref   
(missing = 67)    
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Table 110: Mean Differences in Full Scale IQ Score at 7 Years According to Iron Status at 7 Years in SGA Children 

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<118 g/L  7 (7%) 3.19 (-4.26, 10.64) 0.40  
>118 g/L 91 (93%) Ref   
(missing = 143)    
    
Ferritin   0.65  
<20 ng/ml 11 (11%) -6.25 (-20.32, 7.82)  
20-39 ng/ml 65 (68%) -1.23 (-11.15, 8.69)  
40-59 ng/ml 11 (11%) -3.80 (-14.23, 6.63)  
>60 ng/ml 9 (9%) Ref   
(missing = 144)    
    
Iron saturation    
<14% 11 (11%) -1.64 (-8.42, 5.14) 0.64  
>14% 86 (89%) Ref   
(missing = 144)    
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Table 111: Mean Differences in Verbal IQ Score at 7 Years According to Iron Status at 7 Years in SGA Children 

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<118 g/L  7 (7%) 4.00 (-6.39, 14.39) 0.45  
>118 g/L 91 (93%) Ref   
(missing = 143)    
    
Ferritin   0.65  
<20 ng/ml 11 (11%) -9.05 (-26.00, 7.90)  
20-39 ng/ml 65 (68%) -6.24 (-16.55, 4.07)  
40-59 ng/ml 11 (11%) -6.14 (-18.27, 5.99)  
>60 ng/ml 9 (9%) Ref   
(missing = 143)    
    
Iron saturation    
<14% 11 (11%) -1.46 (-9.99, 7.07) 0.74  
>14% 86 (89%) Ref   
(missing = 144)    
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Table 112: Mean Differences in Performance IQ Score at 7 Years According to Iron Status at 7 Years in SGA Children 

  Simple Linear Regression Multiple Regression 
 N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Haemoglobin (g/L)    
<118 g/L  7 (7%) 1.68 (-7.51, 10.87) 0.72  
>118 g/L 91 (93%) Ref   
(missing = 143)    
    
Ferritin   0.16  
<20 ng/ml 11 (11%) -2.55 (-14.15, 9.05)  
20-39 ng/ml 65 (68%) 4.31 (-5.80, 14.42)  
40-59 ng/ml 11 (11%) -1.00 (-11.27, 9.27)  
>60 ng/ml 9 (9%) Ref   
(missing = 143)    
    
Iron saturation    
<14% 11 (11%) -1.38 (-8.46, 5.70) 0.70  
>14% 86 (89%) Ref   
(missing = 144)    
    



 154 

Table 113: Mean Differences in Total IQ Score at 3.5 Years in SGA Children in Relation to Food Frequency for Main Food Groups at 
3.5 Years of Age 

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 76 (33%) -3.45 (-6.41, -0.49) 0.02 -2.38 (-5.59, 0.83) 0.15 
 Yes 154 (67%) Ref Ref  
   
Fruit servings (>2 a day) No 62 (27%) -1.37 (-4.64, 1.90) 0.41  
 Yes 168 (73%) Ref  
   
Vegetables (>2 a day) No 54 (23%) -0.71 (-4.08, 2.66) 0.68  
 Yes 176 (77%) Ref  
   
Vegetable servings (>2 a day) No 123 (53%) 2.84 (0.12, 5.56) 0.04 1.99 (-0.50, 4.48) 0.12 
 Yes 107 (47%) Ref Ref  
   
All cereal and bread (>4 a day) No 215 (94%) -0.83 (-7.10, 5.44) 0.80  
 Yes 14 (6%) Ref  
   
Meat, chicken, eggs, fish (>1 a 
day) 

No 22 (10%) -0.1 (-5.10, 4.90) 0.97  

 Yes 208 (90%) Ref  
   
Milk and dairy products (>2 a  No 33 (15%) 0.52 (-3.36, 4.40) 0.79  
day) Yes 194 (85%) Ref  
   
* Multiple regression analysis controlled for gestation, parity, gender, maternal school leaving age, parental occupation at birth, maternal marital 
status at birth, maternal BMI, child’s BMI, Stanford Binet examiner 
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Table 114: Mean Differences in Total IQ Score at 3.5 Years in SGA children in Relation to Breads and Cereals at 3.5 Years of Age 

   Simple Linear Regression  Multiple Linear Regression 
  N (%*) Estimate 95% CI p-value Estimate 95% CI p-value 
All cereal and bread (>4 a day)  0.65  
Daily  38 (17%) -0.73 (-7.18, 5.72)  
2 x day  101 (44%) -2.33 (-8.56, 3.90)  
3 x day  77 (33%) -2.63 (-8.88, 3.62)  
>4 a day  14 (6%) Ref  
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Table 115: Mean Differences in 7 Year Full Scale IQ Score in SGA Children in Relation to 7 Year Food Frequency for Main Food 
Groups  

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 89 (37%) -1.61 (-4.86, 1.64) 0.34  
 Yes 152 (63%) Ref  
   
Fruit servings (>2 a day) No 77 (32%) -4.07 (-7.52, -0.62) 0.02 -1.23 (-4.86, 2.40) 0.51 
 Yes 164 (68%) Ref Ref  
   
Vegetables (>3 a day) No 93 (39%) 0.14 (-3.13, 3.41) 0.93  
 Yes 148 (61%) Ref  
   
Vegetable servings (>3 a day) No 152 (63%) 3.25 (-0.12, 6.62) 0.06 1.42 (-2.21, 5.05) 0.44 
 Yes 89 (37%) Ref Ref  
   
All cereal and bread (>4 a day) No 231 (96%) -7.15 (-13.42, -0.88) 0.03 -4.55 (-11.53, 2.43) 0.20 
 Yes 10 (4%) Ref Ref  
   
Meat, chicken, eggs, fish (>1 a  No 12 (5%) 0.38 (-5.91, 6.67) 0.91  
day) Yes 229 (95%) Ref  
   
Milk and dairy products (>2 a  No 58 (24%) -1.41 (-5.58, 2.76) 0.51  
day) Yes 183 (76%) Ref  
   
* Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 116: Mean Differences in 7 Year Verbal IQ Score in SGA Children in Relation to 7 Year Food Frequency for Main Food Groups  

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 89 (37%) -2.21 (-5.60, 1.18) 0.20  
 Yes 152 (63%) Ref  
   
Fruit servings (>2 a day) No 77 (32%) -4.15 (-7.66, -0.64) 0.02 -1.31 (-4.88, 2.26) 0.47 
 Yes 164 (68%) Ref Ref  
   
Vegetables (>3 a day) No 93 (39%) -1.50 (-5.03, 2.03) 0.41  
 Yes 148 (61%) Ref  
   
Vegetable servings (>3 a day) No 152 (63%) 2.32 (-1.27, 5.91) 0.21  
 Yes 89 (37%) Ref  
   
All cereal and bread (>4 a day) No 231 (96%) -7.94 (-14.02, -1.86) 0.01 -5.59 (-12.35, 1.17) 0.11 
 Yes 10 (4%) Ref Ref  
   
Meat, chicken, eggs, fish (>1 a  No 12 (5%) -0.32 (-5.22, 4.58) 0.90  
day) Yes 229 (95%) Ref  
   
Milk and dairy products (>2 a 
day) 

No 58 (24%) -0.49 (-4.80, 3.82) 0.82  

 Yes 183 (76%) Ref  
   
* Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 117: Mean Differences in 7 Year Performance IQ Score in SGA Children in Relation to 7 Year Food Frequency for Main Food 
Groups  

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Fruit (>2 a day)  No 89 (37%) -0.55 (-4.06, 2.96) 0.76  
 Yes 152 (63%) Ref  
   
Fruit servings (>2 a day) No 77 (32%) -3.17 (-6.95, 0.61) 0.10 -1.21 (-5.54, 3.12) 0.59 
 Yes 164 (68%) Ref Ref  
   
Vegetables (>3 a day) No 93 (39%) 1.93 (-1.50, 5.36) 0.27  
 Yes 148 (61%) Ref  
   
Vegetable servings (>3 a day) No 152 (63%) 3.81 (0.32, 7.30) 0.03 2.00 (-2.14, 6.14) 0.34 
 Yes 89 (37%) Ref Ref   
   
All cereal and bread (>4 a day) No 231 (96%) -4.90 (-12.78, 2.98) 0.22  
 Yes 10 (4%) Ref  
   
Meat, chicken, eggs, fish (>1 a  No 12 (5%) 1.37 (-7.35, 10.09) 0.76  
day) Yes 229 (95%) Ref  
   
Milk and dairy products (>2 a  No 58 (24%) -2.01 (-6.32, 2.30) 0.36  
day) Yes 183 (76%) Ref  
   
* Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 118: Mean Differences in Total IQ Score at 3.5 Years in SGA Children in Relation to Food Frequency for Food Groups at 3.5 
Years  

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a week) No 62 (27%) -0.17 (-3.21, 2.87) 0.91  
 Yes 168 (73%) Ref  
   
Fish (>1 a week) No 80 (35%) -1.60 (-4.40, 1.20) 0.26  
 Yes 150 (65%) Ref  
   
Fatty Fish**  (>1 a week) No 191 (83%) -0.84 (-4.00, 2.32) 0.60  
 Yes 39 (17%) Ref  
   
Margarine (>1 a day) No 122 (53%) 3.51 (0.79, 6.23) 0.01 4.14 (1.45, 6.83) 0.003† 
 Yes 108 (47%) Ref Ref  
   
Butter (>1 a day) No 146 (64%) -3.26 (-6.10, -0.42) 0.03 -3.55 (-6.55, -0.55) 0.02† 
 Yes 82 (36%) Ref Ref  
   
Vitamin & min supplements  No 146 (64%) -0.13 (-2.97, 2.71) 0.93  
(>1 a week) Yes 81 (36%) Ref  
   
Vitamin & min supplements No 172 (76%) -0.45 (-3.45, 2.55) 0.77  
(>1 a day) Yes 55 (24%) Ref  
   
* Multiple regression analysis controlled for gestation, parity, gender, maternal school leaving age, parental occupation at birth, maternal marital 
status at birth, maternal BMI, children’s BMI, Stanford Binet examiner 
† Butter non-significant (p=0.26) when entered into regression model with margarine (-3.40 IQ points, 95%C.I. –0.50, -6.30)  
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Table 119: Mean Differences in 7 year Full Scale IQ Score in SGA Children in Relation to 7 Year Food Frequency for Food Groups  

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a week) No 33 (14%) -0.99 (-5.28, 3.30) 0.65  
 Yes 208 (86%) Ref  
   
Fish (>1 a week) No 77 (32%) -3.37 (-6.82, 0.08) 0.06 0.91 (-2.74, 4.56) 0.62 
 Yes 164 (68%) Ref Ref  
   
Fatty fish (>1 a week) No 185 (77%) -0.42 (-4.61, 3.77) 0.85  
 Yes 56 (23%) Ref  
   
Margarine (>1 a day) No 171 (71%) 5.46 (1.85, 9.07) 0.003 6.06 (2.39, 9.73) 0.001 
 Yes 70 (29%) Ref Ref  
   
Butter (>1 a day) No 195 (81%) -1.68 (-5.52, 2.16) 0.39  
 Yes 46 (19%) Ref  
   
Blended spread (>1 a day) No 189 (78%) -5.29 (-9.27, -1.31) 0.01 -3.78 (-7.82, 0.28) 0.07 
 Yes 52 (22%) Ref Ref  
   
Vitamin & mineral supplements  No 168 (70%) -1.91 (-5.30, 1.48) 0.27  
(>1 a week) Yes 73 (30%) Ref  
   
Vitamin & mineral supplements  No 195 (81%) -1.14 (-5.02, 2.74) 0.56  
(>1 a day) Yes 46 (19%) Ref  
   
* Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 120:  Mean Differences in 7 year Verbal IQ Score in SGA Children in Relation to 7 Year Food Frequency for Food Groups  

   Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a week) No 33 (14%) -2.05 (-6.26, 2.16) 0.34  
 Yes 208 (86%) Ref  
   
Fish (>1 a week) No 77 (32%) -2.97 (-6.62, 0.68) 0.11  
 Yes 164 (68%) Ref  
   
Fatty fish (>1 a week) No 185 (77%) -1.38 (-5.55, 2.79) 0.52  
 Yes 56 (23%) Ref  
   
Margarine (>1 a day) No 171 (71%) 4.92 (0.98, 8.86) 0.02 4.94 (1.06, 8.82) 0.01 
 Yes 70 (29%) Ref Ref  
   
Butter (>1 a day) No 195 (81%) -2.34 (-6.83, 2.15) 0.31  
 Yes 46 (19%) Ref  
   
Blended spread (>1 a day) No 171 (71%) -4.04 (-8.21, 0.13) 0.06 -1.67 (-5.86, 2.52) 0.43 
 Yes 70 (29%) Ref Ref  
   
Vitamin & mineral supplements  No 168 (70%) -0.75 (-4.49, 2.99) 0.69  
(>1 a week) Yes 73 (30%) Ref  
   
Vitamin & mineral supplements  No 195 (81%) 0.05 (-4.26, 4.36) 0.98  
(>1 a day) Yes 46 (19%) Ref  
   
* Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 121: Mean Differences in 7 year Performance IQ Score in SGA Children in Relation to 7 Year Food Frequency for Food Groups  

    Simple Linear Regression  Multiple Linear Regression* 
  N (%) Estimate 95% CI p-value Estimate 95% CI p-value 
Red meat (>2 a week) No 33 (14%) 0.40 (-4.50, 5.30) 0.87  
 Yes 208 (86%) Ref  
   
Fish (>1 a week) No 77 (32%) -3.17 (-6.76, 0.42) 0.08 0.03 (-4.13, 4.19) 0.99 
 Yes 164 (68%) Ref Ref  
   
Fatty fish (>1 a week) No 185 (77%) 0.70 (-3.83, 5.23) 0.76  
 Yes 56 (23%) Ref  
   
Margarine (>1 a day) No 171 (71%) 5.09 (1.60, 8.58) 0.005 6.16 (2.26, 10.06) 0.002 
 Yes 70 (29%) Ref Ref  
   
Butter (>1 a day) No 195 (81%) -1.02 (-5.06, 3.02) 0.62  
 Yes 46 (19%) Ref  
   
Blended spread (>1 a day) No 171 (71%) -5.61 (-10.12, -1.10) 0.02 -5.37 (-10.17, -0.57) 0.03 
 Yes 70 (29%) Ref Ref  
   
Vitamin & mineral supplements  No 168 (70%) -2.72 (-6.23, 0.79) 0.13  
(>1 a week) Yes 73 (30%) Ref  
   
Vitamin & mineral supplements  No 195 (81%) -2.12 (-6.18, 1.94) 0.31  
(>1 a day) Yes 46 (19%) Ref  
   
* Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, maternal BMI, children’s current BMI, WISC-III examiner 
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Table 122: Mean Differences in IQ Scores According to Confounding Variables (Child BMI and Maternal BMI) in the Total Sample 

   Simple Linear Regression*  Multiple Linear Regression*† 
Total IQ (3.5 years) Mean* (SE*) Estimate 95% CI p-value Estimate 95% CI p-value 
Child BMI (3.5 years) 16.3 (0.07) 0.22 (-0.82, 1.26) 0.67  
  
Maternal BMI (Birth) 23.2 (0.24) -0.24 (-0.49, 0.01) 0.07 -0.24 (-0.51, 0.03) 0.09 
   
   
FSIQ (7 years)   
Child BMI (7 years) 16.8 (0.11) 0.15 (-0.54, 0.84) 0.68  
  
Maternal BMI (Birth) 23.2 (0.24) -0.23 (-0.64, 0.18) 0.28  
  
   
VIQ (7 years)   
Child BMI (7 years) 16.8 (0.11) 0.17 (-0.50, 0.86) 0.61  
  
Maternal BMI (Birth) 23.2 (0.24) -0.33 (-0.74, 0.08) 0.12  
  
   
PIQ (7 years)   
Child BMI (7 years) 16.8 (0.11) 0.09 (-0.67, 0.85) 0.82  
  
Maternal BMI (Birth) 23.2 (0.24) -0.11 (-0.54, 0.32) 0.61  
  
* Weighted to account for disproportionate sample 
† Multiple regression analysis controlled for gender, gestation, maternal smoking during pregnancy, maternal age, maternal marital status, birth 
order, parental occupation, paternal education, maternal education, WISC-III examiner 
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Table 123: List of Variables Significantly Associated with Intelligence Measures in 
Multivariable Analyses  

TOTAL SAMPLE SGA CHILDREN 
  
Total IQ (3.5 years) Total IQ (3.5 years) 
  
Daily margarine consumption (3.5 years) Daily margarine consumption (3.5 years) 
Cereal and bread consumption (3.5 years) Butter consumption (3.5 years) 
  
Full Scale IQ (7 years) Full Scale IQ (7 years) 
  
Maternal pregnancy hypertension Maternal education 
Paternal education Paternal education 
Birth order (7 years) Daily margarine consumption (7 years) 
Social support (1 year)  
Developmental delay (1 year)  
Child haemoglobin (3.5 years)  
Weekly fish consumption (7 years)  
  
Verbal IQ (7 years) Verbal IQ (7 years) 
  
Maternal pregnancy haemoglobin Maternal education 
Alcohol use in first month of pregnancy Paternal education 
Alcohol use in last month of pregnancy Parental income (7 years) 
Paternal education Birth order (7 years) 
Parental occupation (7 years) Stress & social support (3.5 years) 
Social support (1 year) Daily margarine consumption (7 years) 
Child haemoglobin (3.5 years)    
Weekly fish consumption (7 years)  
  
Performance IQ (7 years) Performance IQ (7 years) 
  
Maternal pregnancy hypertension Paternal education 
Maternal marital status Breastfeeding 
Birth order (7 years) Breastfeeding duration 
Social support (1 year) Daily margarine consumption (7 years) 
Developmental delay (1 year)  Daily blend spread consumption (7 years) 
Weekly fish consumption (7 years)  
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