Children’s temperament and
parenting practices in the first five
years of life and cognitive,
academic and adiposity outcomes
in later childhood and adolescence
Shiau Yun Chong
BSc (Hons), MPH
A thesis submitted in fulfilment of the requirements
for the degree of Doctor of Philosophy
August 2016

School of Public Health
Faculty of Health Sciences
The University of Adelaide
Australia

Contents
Contents ...................................................................................................................... iii
Abstract...................................................................................................................... vii
Declaration ................................................................................................................... x
Acknowledgements ..................................................................................................... xi
Publications contributing to this thesis ....................................................................... xii
Presentations arising from this thesis..........................................................................xiii
Abbreviations .............................................................................................................xiv
List of tables ...............................................................................................................xvi
List of figures ............................................................................................................ xviii
Introduction ........................................................................................... 1
1.1

Child temperament and parenting ........................................................................1

1.2

Why study cognitive ability and overweight? ........................................................3

1.3

Thesis aim and research questions ........................................................................4

1.4

Thesis outline .........................................................................................................5
Literature review .................................................................................... 8

2.1

Temperament.........................................................................................................8
2.1.1 History of temperament................................................................................................8
2.1.2 Definitions and models of temperament ....................................................................10
2.1.3 Approaches to measuring temperament in infants and children ...............................24
2.1.4 Stability of temperament ............................................................................................25
2.1.5 Differences in temperament by gender, socio-economic background, and culture ..26
2.1.6 Research question 1 ....................................................................................................28

2.2

Parenting ..............................................................................................................29
2.2.1 Definition of parenting practices ................................................................................30
2.2.2 Parenting practices that are important for child cognitive and adiposity outcomes .30

2.3

Temperament and parenting influences on child development .........................34
2.3.1 Direct and indirect effects ...........................................................................................35
2.3.2 Theoretical “interaction” models ................................................................................37

2.4

Temperament and parenting influences on cognitive outcomes........................42
2.4.1 Temperament and cognitive outcomes ......................................................................42
2.4.2 Parenting influences on cognitive outcomes ..............................................................45
2.4.3 Temperament and parenting and influence on cognitive outcomes .........................47

iii

2.4.4 Research question 2.................................................................................................... 48
2.4.5 Research question 3.................................................................................................... 49

2.5

Temperament and parenting influences on adiposity and diet .......................... 50
2.5.1 Temperament influences on adiposity and diet ......................................................... 50
2.5.2 Parenting influences on child adiposity and diet ........................................................ 52
2.5.3 Temperament and parental feeding practices influence on adiposity....................... 55
2.5.4 Research question 4.................................................................................................... 56

Methods .............................................................................................. 58
3.1

Data sources ........................................................................................................ 58
3.1.1 Avon Longitudinal Study of Parents and Children (ALSPAC) ...................................... 60
3.1.2 Longitudinal Study of Australian Children (LSAC) ....................................................... 68

3.2

Methodological & analytical approach................................................................ 73
3.2.1 Research question 1.................................................................................................... 73
3.2.2 Research question 2.................................................................................................... 74
3.2.3 Research question 3.................................................................................................... 79
3.2.4 Research question 4.................................................................................................... 84

3.1

Dealing with missing data .................................................................................... 86
How many infants are temperamentally difficult? Comparing norms from

the Revised Infant Temperament Questionnaire to a population sample of UK infants 90
4.1

Preface ................................................................................................................. 90

4.2

Publication: How many infants are temperamentally difficult? Comparing norms
from the Revised Infant Temperament Questionnaire to a population sample of
UK infants............................................................................................................. 92
4.2.1 Statement of Authorship ............................................................................................ 92
4.2.2 Abstract ....................................................................................................................... 94
4.2.3 Introduction ................................................................................................................ 96
4.2.4 Methods ...................................................................................................................... 99
4.2.5 Results ....................................................................................................................... 101
4.2.6 Discussion and conclusion ........................................................................................ 106
4.2.7 Online Appendices .................................................................................................... 110

Does temperament at ages 2-3 directly affect cognitive and academic
outcomes at ages 6-7? .............................................................................................. 112
5.1

iv

Preface ............................................................................................................... 112

5.2

Publication: Does temperament at ages 2-3 directly affect cognitive and
academic outcomes at ages 6-7? .......................................................................114
5.2.1 Statement of authorship ...........................................................................................114
5.2.2 Abstract .....................................................................................................................116
5.2.3 Introduction ..............................................................................................................118
5.2.4 Methods ....................................................................................................................119
5.2.5 Results .......................................................................................................................124
5.2.6 Discussion ..................................................................................................................128
5.2.7 Online appendices .....................................................................................................131

Parenting practices at 24 to 47 months and IQ at age 8: Effect-measure
modification by infant temperament ........................................................................ 138
6.1

Preface ...............................................................................................................138

6.2

Publication: Parenting practices at 24 to 47 months and IQ at age 8: Effectmeasure modification by infant .........................................................................140
6.2.1 Statement of authorship ...........................................................................................140
6.2.2 Abstract .....................................................................................................................142
6.2.3 Introduction ..............................................................................................................143
6.2.4 Methods ....................................................................................................................148
6.2.5 Results .......................................................................................................................158
6.2.6 Discussion ..................................................................................................................166
6.2.7 Online appendices .....................................................................................................170

Child temperament, parental feeding practices and adiposity ............. 180
7.1

Preface ...............................................................................................................180

7.2

PART 1: Temperament and BMI.........................................................................182
7.2.1 Introduction ..............................................................................................................182
7.2.2 Methods ....................................................................................................................182
7.2.3 Results .......................................................................................................................184
7.2.4 Discussion ..................................................................................................................187

7.3

PART 2 (Publication): Associations of parental feeding control of food intake and
use of food to soothe with adiposity in childhood and adolescence ................191
7.3.1 Statement of authorship ...........................................................................................191
7.3.2 Abstract .....................................................................................................................194
7.3.3 Background ...............................................................................................................195
7.3.4 Methods ....................................................................................................................196

v

7.3.5 Results ....................................................................................................................... 201
7.3.6 Discussion ................................................................................................................. 208
7.3.7 Online appendices .................................................................................................... 213

7.4

PART 3: Does temperament modify the association between parental feeding
control and adiposity? ....................................................................................... 217
7.4.1 Introduction .............................................................................................................. 217
7.4.2 Method ..................................................................................................................... 218
7.4.3 Result ........................................................................................................................ 218
7.4.4 Discussion ................................................................................................................. 222

Summary and Conclusions .................................................................. 224
8.1

Key findings and contributions .......................................................................... 225

8.2

Limitations and future directions ...................................................................... 231

8.3

Implications and recommendations .................................................................. 233

8.4

Concluding remarks ........................................................................................... 234

8.5

Appendices ........................................................................................................ 235

References ............................................................................................................... 245

vi

Abstract
The aims of this thesis are to examine the associations between children’s temperament,
parenting practices and three important public health outcomes: cognitive ability,
academic achievement and adiposity. While there have been decades of psychological
research in this area, this thesis takes a contemporary epidemiological approach to the
topic and addresses some of the methodological limitations of past studies by using more
advanced methods and longitudinal data from both Australia and the UK.

There are four papers in this thesis. The first study examined whether norms in the
Revised Infant Temperament Questionnaire (RITQ) were suitable for use in a population
sample of UK infants. The RITQ was normed on a small group of US infants in 1978 and
has never been updated. Findings showed that 15% of children would be classified as
temperamentally difficult using norms empirically derived from the UK infant data,
compared to 24% using RITQ’s norms, suggesting that potential misclassification of infant
temperament occurred from using different norms. This study highlighted the need for
more recent and culturally-specific temperament norms to categorise infant
temperament. Temperament categories defined using the norms in this study were used
in subsequent analyses in study 3 and 4.

Children’s temperament may influence parenting, which is known to affect cognitive and
academic outcomes. Most studies of temperament have not adequately accounted for
parenting practices when examining the effect of temperament on cognitive and
academic outcomes. To properly handle parenting practices at age 4 to 5 years as an
intermediate variable, the second study used a marginal structural model to examine the
vii

controlled direct effects of temperament at 2 to 3 years on cognitive and academic
outcomes at 6 to 7 years in a nationally representative sample of Australian children.
Temperament dimensions measured in this study were reactivity, approach, and
persistence. This study found that the controlled direct effects of temperament on
cognitive and academic outcomes was small. The largest effect (0.11 SD) was for
persistence on verbal ability.

Since temperament had such a small influence on children’s cognitive and academic
outcomes, this thesis then examined parenting as the exposure, as parenting may have a
greater influence on cognitive ability than temperament. The associations between
parenting practices (warmth and control) and children’s IQ in the UK cohort were
explored in study 3. Temperament was contextualised as an effect-measure modifier, a
variable that may modify the associations between warmth, control and IQ. Low parental
warmth and high parental control at 24 to 47 months were associated with lower IQ at
age 8 years. Effect sizes for warmth and control were 0.03 SD and 0.15 SD, respectively.
Counter to the study’s hypothesis, temperamentally easier children were more
susceptible to the negative effects of low warmth and high control parenting than
temperamentally difficult children.

Besides cognitive and academic outcomes, there is some evidence that parenting and
temperament may influence children’s adiposity. The fourth study focused on two more
specific dimensions of parenting, namely parental feeding control and using food to
soothe a child. The associations between feeding control, using food to soothe, and body
mass index (BMI) and fat mass were explored in the UK cohort. Whether these
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associations differed for children with different temperaments were examined using an
analysis of effect-measure modification. Contrary to some studies, higher parental
feeding control at age 42 to 65 months was associated with lower BMI at ages 7 and 15
years and fat mass at age 15 years. No association between using food to soothe (42
months) and BMI (7 and 15 years) or fat mass (15 years) were found.

Using two large, longitudinal observational studies from different countries, different
temperament tools, and measures of temperament at different ages, the research in this
thesis indicated that the effect sizes for temperament on cognitive, academic and
adiposity outcomes are at best, very small. The differential susceptibility theory suggested
by previous psychological studies, that temperamentally difficult children were more
vulnerable to the detrimental effects of negative parenting, was not supported in the UK
cohort and using contemporary epidemiological methods. It is recommended that future
studies adjust rigorously for important confounders and use large, representative samples
when examining the effect-measure modification by temperament of the associations
between parenting and cognitive, academic and adiposity outcomes.
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Introduction
Child development is a complex process that is influenced by many factors.
Bronfenbrenner’s ecological model of human development (Figure 1.1) suggests that the
interrelation between the child, family, school, neighbourhood and a wider context are
important influences on child development.1 This thesis examines child and family factors,
specifically temperament and parenting, as two important determinants that may
influence children’s cognitive ability, academic outcomes and their adiposity.

Figure 1.1: Socio-ecological context shaping child development2

1.1 Child temperament and parenting
Temperament refers to the observed style of an individual’s behaviours.3 In some
literature, temperament is considered the same as ‘personality’. However, temperament
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and personality are conceptually different.4,5 Temperament is often used to refer to the
individual differences between infants, preschoolers, and school-age children. Personality
often refers to individual differences between adults, as it includes a broader range of
attributes than temperament, including a person’s thoughts, skills, social values, morals,
and beliefs.3,6 Further definitions of temperament proposed by different researchers are
included in Chapter 2.

Temperament influences how children respond to their environmental influences and has
long-term effects on their adjustment in the family, at school, and in the broader
environment.7 For instance, children with temperament characterised by high levels of
activity may experience difficulty in school because they are unable to sit for long periods
to learn. A child’s temperament can also affect their social interactions and relationships
with parents, which in turn, shapes their development.8 For example, a child with a
difficult temperament may invoke negative parenting, which may exacerbate the child’s
temperament and increase the risk of behavioural problems. The interplay between
temperament and parenting may influence children’s cognitive and health outcomes.

While temperament is believed to be an individual’s innate characteristics, studies have
suggested that some aspects of temperament, such as persistence, are modifiable
through interventions and environmental factors.9,10 For instance, a cluster-randomized
trial showed that children who received an intervention that aimed to develop their
persistence, attention, and impulse control showed improvements in persistence and
better academic skills than children in the control group.11 There is also some evidence
that parenting interventions are effective in improving parents’ skills and behaviours and
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have positive impacts on children’s developmental outcomes.12-15 For instance, a metaanalysis reported that young children who enrolled in home-visiting programmes had
better cognitive and socioemotional outcomes than children in the control group.16
Because temperament and parenting are important to children’s development and both
can be modified, they may be of interest for public health interventions.

1.2 Why study cognitive ability and overweight?
This thesis focuses on two main child health and development outcomes; cognitive ability
and overweight or obesity. There are two main reasons for examining these outcomes.
First, a review of literature found that there is a large body of research describing how
temperament and parenting influences children’s behavioural outcomes, such as
externalising and internalising behaviours, but less is known about cognitive and weight
outcomes. Few studies have examined both temperament and parenting as two factors
that affect cognitive ability and overweight outcomes and the findings are inconsistent.
This research aims to help inform current understanding of the effects of temperament
and parenting on children’s cognitive ability and overweight. A second reason for this
focus is that cognitive ability and overweight are two important aspects of child
development. Children with lower IQ have a higher risk of a range of negative life
outcomes including lower occupational status, academic achievement and earnings in
adulthood as well as an increased risk of mortality and morbidity.17-20 At a population
level, even a small increase in average IQ has important impacts on economic growth and
productivity.21 Childhood overweight is a major public health challenge. It is estimated
that in 2013, more than 42 million children under the age of five were overweight or
obese.22 In Australia, about 17% of children aged 2 to 16 years are overweight and 6% are
3

obese.23 Overweight and obesity from early life can have serious complications in later
life. For instance, a systematic review of 15 observational studies found that higher Body
Mass Index (BMI) from the age of 7 years is associated with increased risk of coronary
heart disease in adulthood.24 In addition, it has been shown that compared with healthy
weight children, the adjusted odds ratio of being obese at age 13 years was 18.1 in
children who were overweight in the first 7 years of life.25

1.3 Thesis aim and research questions
The general aim of this thesis is to examine the influence of temperament and parenting
on children’s cognitive ability and overweight. Four specific research questions to be
addressed in this thesis are as follows:
1. Are infant temperament norms derived from the US suitable for use in a
population sample of UK infants?
2. Is temperament at age 2 to 3 years directly associated with children’s cognitive
(verbal and non-verbal) and academic (literacy and numeracy proficiency)
development at age 6 to 7 years?
3. Does infant temperament modify the effects of parenting practices (warmth and
control) at age 24 to 47 months on IQ at age 8 years?
4. Is temperament at age 0 to 5 years associated with children’s BMI at age 7 years?
Are parental feeding practices (feeding control and use of food to soothe) at age
3.5 years associated with BMI z-scores and fat mass in childhood (7 years) and
adolescence (15 years)? Does infant temperament modify the associations
between feeding practices and BMI?
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1.4 Thesis outline
This thesis is organised as follows:
Chapter 2 reviews the gaps in the research literature that motivated the four specific
research questions. First, background information on temperament including history,
definitions, models, stability, and contextual differences are detailed. The focus then
moves to parenting, with a review of definitions and important aspects of parenting and
how temperament may directly, indirectly and through “interaction” with parenting
influence children’s health and developmental outcomes. Finally, the current literature on
temperament and parenting as individual and joint factors that influence cognitive ability
and overweight is summarised.

Chapter 3 provides an overview of the two longitudinal studies that provided the datasets
used in this thesis, i.e. the Avon Longitudinal Study of Parents and Children (ALSPAC) and
the Longitudinal Study of Australian Children (LSAC). Detailed information on
methodology used in this thesis, including directed acyclic graphs, latent class analysis,
marginal structural models, multiple imputation, and effect-measure modification is
provided.

Chapter 4, published as an academic paper in Infant Behavior and Development in 2015,
focuses on addressing the first research question of this thesis. This paper compares
temperament norms collected from a small clinical sample in the US and norms from the
ALSPAC study conducted in the UK. While predominantly descriptive in nature, the
findings from this chapter establish the need for updated norms for the Revised Infant

5

Temperament Questionnaire to categorise infant temperament. These updated norms
are then used in addressing research questions 3 and 4 (Chapters 6 and 7, respectively).

Chapter 5, a submitted paper currently under review, addresses the second research
question of this thesis. Using data from an Australia longitudinal study (LSAC), the
controlled direct effects of temperament (dimensions of reactivity, approach, and
persistence) at age 2 to 3 years on cognitive (verbal and non-verbal) and academic
(literacy and numeracy) outcomes at age 6 to 7 years are examined after taking into
account parenting practices at age 4 to 5 years as an intermediate variable.

Chapter 6, published as an academic paper in PLoS One, utilises secondary data analysis
of the ALSPAC data to address the third research question. The influences of two
important aspects of parenting practices, namely warmth and control, on cognitive ability
(IQ) at age 8 years are explored. These effects are compared for children with different
temperament profiles using an effect-measure modification analysis.

The final study is included in Chapter 7. This chapter consists of three parts. Part 1 of this
chapter examines the associations between temperament and adiposity (BMI) using data
from the ALSPAC and LSAC. Part 2 examines parental feeding practices (control and using
food to soothe) on children’s adiposity measured in childhood and adolescence (7 and 15
years) using data from the ALSPAC. The second part of Chapter 7 is a paper currently
under review. Whether these effects differ for children with different temperament
profiles is explored in Part 3 using an analysis of effect-measure modification.

6

Chapter 8 summarises key findings in this thesis, discusses strengths and limitations,
potential areas requiring future research, implications and recommendations, and
concluding remarks.

7

Literature review
This chapter reviews the concepts of temperament and parenting practices separately
and then extending to review how temperament and parenting practices may individually
and jointly influence children’s cognitive ability and adiposity. Gaps relating to the design,
analysis, and interpretation of the findings from previous studies are identified.

2.1 Temperament
2.1.1 History of temperament
The idea of ‘temperament’ dates back to the theory of four temperaments described by
the ancient Greeks over 2,000 years ago.6 According to the theory, a person’s mood and
behaviours resulted from the balance of four fluids in the body, which were the blood,
black bile, yellow bile, and phlegm. A fourfold temperament typology (sanguine,
phlegmatic, melancholic, and choleric) that represents different personality types
emerged according to this theory. The sanguine person is positive and outgoing and is
seen as having a predominance of blood; the phlegmatic person is calm and patient and
is seen as having a predominance of phlegm; the melancholic person is moody with a
tendency to fear and sadness and is seen as having predominantly black bile; the choleric
person is irritable and prone to aggression and is seen as having predominantly yellow
bile. This field has a come a long way since the four humours. The Greeks’ view of
temperament as an individual’s characteristics derived from the biological and emotional
processes is consistent with contemporary conceptualizations of temperament.26

During the 20th century, many theories of temperament emerged. One of the most wellknown empirical studies of temperament is the New York Longitudinal Study (NYLS),
8

which was started in the 1950s by two psychologists, Alexander Thomas and Stella
Chess.27 Thomas and Chess first conducted a pilot study on 22 children aged 3 to 6
months.28 They interviewed parents to gather information about the children’s
behavioural characteristics. Content analysis using data collected from the interviews was
performed by Herbert Birch, a colleague of Thomas and Chess. Based on this information,
nine temperament dimensions were identified: activity, rhythmicity, adaptability,
approach, intensity, mood, distractibility, persistence, and threshold. Infants and children
were located along a continuum from high to low on each dimension.

The researchers proceeded with a long-term study of temperament that involved a total
of 141 children from 85 families and followed up the children for more than a decade.
The families involved in the NYLS were predominantly middle- or upper-middle class, with
40% of the mothers and 60% of the fathers having both college education and
postgraduate degrees, and less than 10% with no college education at all. In addition to
the 141 children from the US, Thomas and Chess also obtained data from different groups
of children, including a sample of 95 children of working class Puerto Rican parents who
lived in low-income public housing projects,29 a group of 68 children born with low birth
weight (1,000 to 1,750 grams),30 a group of 52 children of low intellectual ability,31 and a
special population of 243 children with congenital rubella.32 The same set of
temperament characteristics were found in these different populations groups. The NYLS
marks an important beginning to the study of temperament. Since then, the nine
temperament dimensions found in the NYLS have been widely used to examine children’s
temperament.
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2.1.2 Definitions and models of temperament
Table 2.1 summarises some of the most common definitions, dimensions and models
proposed by different temperament researchers. These temperament models are used
for infants and young children aged less than 10 years, which is the focus age range for
studies of temperament applied in this thesis.
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Table 2.1 Definitions, dimensions, and questionnaires used for temperament

Authors
(Year)
Alexander
Thomas &
Stella
Chess
(1963) /
William
Carey &
Sean
McDevitt
(1970)

Definition of
temperament
“Behavioural style
relating to the how
rather than the what
(abilities and content)
or the why
(motivations) of
behaviour”33 (p. 9)

Mary
Rothbart
(1977)

“Constitutionally
3 main dimensions:
based individual
1. Surgency/
differences in
Extraversion
reactivity and self2. Negative
regulation, where
affectivity
‘constitutional’
3. Effortful
referred to the
control
biological bases of
temperament,
influenced over time
by heredity,
maturation, and
experience”6 (p. 100)
Personality traits with 4 dimensions:
an inherited
1. Emotionality
component,
2. Activity
observable and
3. Sociability
relatively stable across
4. Shyness
34
time and situation

Arnold
Buss &
Robert
Plomin
(1975)

Dimensions
9 dimensions:
1. Activity
2. Rhythmicity
3. Approach
4. Adaptability
5. Intensity
6. Mood
7. Persistence
8. Distractibility
9. Threshold

Hill
“Individual differences 5 dimensions:
Goldsmith in the probability of
1. Activity
(1987)
experiencing and
2. Pleasure/
expressing the primary
positive
affect

Questionnaires
1. Infant
Temperament
Questionnaire (4-8
months)
2. Revised Infant
Temperament
Questionnaire (4-8
months)
3. Toddler
Temperament
Scale (1-3 years)
4. Behavioral Style
Questionnaire (3-7
years)
1. Infant Behavior
Questionnaire (312 months)
2. Early Childhood
Behavior
Questionnaire (1836 months)
3. Children’s
Behavior
Questionnaire (3-7
years)
1. Emotional Activity
and Sociability-III
Questionnaire
(toddlers and
preschoolers)
2. The EAS and the
NYLS’s dimensions
merged to form
the Colorado
Childhood
Temperament
Inventory (1-6
years)
1. Toddler Behavior
Assessment
Questionnaire (1636 months)
11

Authors
(Year)

Definition of
temperament
emotions and
arousal”35 (p.510)

Dimensions

Questionnaires

3. Social
fearfulness
4. Anger
proneness
5. Interest/
Persistence

Jerome
Kagan
(1984)

Focused on
behavioural inhibition,
which is the hesitancy
in one’s approach to
new or unfamiliar or
unpredictability36

3 dimensions:
1. Social novelty
2. Situational
novelty
3. Physical
challenges

1. Behavioral
Inhibition
Questionnaire (3-5
years)

Ann
Sanson
(1986)

“Constitutionally
based individual
differences in
behavioural style
relating to affect,
activity, and attention
that are visible from
early childhood”37
(p.227)

3 dimensions:
1. Reactivity
2. Approach
3. Persistence

1. Short
Temperament
Scale for Infants
(0-1 year)
2. Short
Temperament
Scale for Toddlers
(2-3 years)
3. Short
Temperament
Scale for Children
(4-5 years)

2.1.2.1 Alexander Thomas and Stella Chess
Temperament is the ‘style’ of behaviour, that is, how children react in a situation instead
of what (abilities and content) and why (motivations) they do.27 For instance, when
showing their dislikes to a certain food, one child cries intensely, but another child may
quietly and gently turn their head away.

As described earlier, Thomas and Chess identified nine temperament dimensions from
the NYLS. Table 2.2 summarises the definitions and examples of items for each
dimension. In addition to receiving a score on each of the nine dimensions, Thomas and
12

Chess categorised children into having an easy, difficult, or slow-to-warm-up
temperament based on their scores on five of the nine dimensions, i.e. rhythmicity,
approach, adaptability, intensity, and mood. A difficult child was characterised by having
negative mood, irregular daily functions, high intensity in response (very intense when
crying, screaming and laughing), being slow to adapt to new environments, and
withdrawn when exposed to a new object or person. An easy child was characterised by
having positive mood, high regularity in daily functions, low or moderate intensity of
response, easily adapting to a new environment, and positive approach to new situations.
The slow-to-warm-up child was characterised by being slightly negative in mood, slower
to adapt, withdrawn on their first exposure to a new environment, and low or moderate
in intensity. Of the 141 children in the NYLS, 40% of the children were categorised as
easy, 10% as difficult, and 15% as slow-to-warm-up. The remaining 35% of children who
did not fit into these three categories were classified as intermediate/other. Thomas and
Chess’ “difficult” concept was associated with later development of behavioural
problems.38,39 This concept has been commonly used in paediatric practices and
temperament research.40

Using information collected by Thomas, Chess and colleagues from interviews with
parents in the NYLS, Carey and McDevitt developed the Infant Temperament
Questionnaire to allow assessment of infant temperament in a faster manner.41 The
questionnaire consisted of 70 items and norms were standardised in a group of US infants
aged 4 to 8 months (n=101).41 The questionnaire was revised in 1978 and the number of
items in the Revised Infant Temperament Questionnaire (RITQ) increased to 95.42 Norms
in the RITQ were standardised based on 203 US infants from three local paediatric
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clinics.42 Both the “difficult” temperament as conceptualised by Thomas and Chess, and
the RITQ developed by Carey and McDevitt have been widely used in paediatric clinical
practice and temperament research.40
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Table 2.2 Definitions and sample items of the nine temperament dimensions
proposed by Thomas and Chess27

Dimensions

Definition

Activity

The level and extent of
physical movement
The degree of regularity of
daily functioning including
eating, sleeping
The ease with which a child
adapts to changes in
environment
The response to a new
object or person
The degree of sensitivity to
external stimuli including
noise, heat
The energy level of a
response

Rhythmicity
Adaptability
Approach/withdrawal
Threshold
Intensity
Mood

Sample items from the Revised
Infant Temperament
Questionnaire (for infants 3 to
6 months)
Moves a lot during nappy
change and dressing.
Eats about the same amount of
solid food from day to day.
Accepts regular procedures at
any time without protest.
Initial reaction to strangers is
acceptance.
Takes any food offered without
seeming to notice the
difference.
Takes feeding quietly with mild
expressions of likes and
dislikes.
Cries when left to play alone.

The amount of pleasant,
joyful behaviour as
contrasted with
unpleasant, unfriendly
behaviour
Distractibility
The degree to which a child Continues to cry in spite of
can be distracted or
several minutes of soothing.
comforted when needed
Attention &
The amount of time
Plays with a toy for less than a
persistence
devoted to an activity, and minute and then looks for
the effect of distraction on another toy or activity.
the activity
Note. Items are scored on a 6-point scale from ‘almost never’ to ‘almost always’.

2.1.2.2 Mary Rothbart
In the late 1970s, Rothbart, a professor of psychology, together with her colleagues
reviewed the temperament model proposed by Thomas and Chess.5 They found
insufficient consistency in the nine temperament dimensions and they questioned the
temperament definition proposed by Thomas and Chess. A more contemporary
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temperament definition was developed by Rothbart, with an emphasis on attentional and
neurobiological development. Rothbart and colleagues defined temperament as
“constitutionally based individual differences in reactivity and self-regulation, in the
domains of affect, activity, and attention” (p.100).6 The term “constitutional” was used to
refer to a biological basis of temperament, which was also influenced by environment and
experiences. Reactivity refer to a person’s responsiveness to the internal and external
environment such as the arousal of fear and anger, whereas self-regulation refer to
processes such as effortful control that function to modulate reactivity.

Rothbart examined the development of temperament dimensions from early infancy to
later childhood and found three main dimensions appeared consistently across the
period. The three dimensions are surgency (extraversion), negative emotionality, and a
dimension labelled ‘regulatory capacity’ in infants and ‘effortful control’ in older
individuals.5,6 The three main dimensions are further divided into multiple subdimensions (Table 2.3). Surgency is the combined disposition of positive emotion, rapid
approach and high activity level.5 Negative emotionality, also known as distress
proneness, combines a disposition toward fear, anger/frustration, sadness, irritability,
anxiety, guilt, and discomfort.5,6 Effortful control is the major form of self-regulation that
enables an individual to voluntarily control emotions, behaviours and attention.5 Effortful
control can be divided into attention control, inhibitory control, low-intensity pleasure,
and perceptual sensitivity. Effortful control begins to develop from the age of 10 months
and undergoes rapid development between the ages of 2 and 7 years.43 Effortful control
is important for child development as it regulates positive and negative emotions, and
constrains the child’s actions to better fit their values and goals. These three main
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temperament dimensions were also found in studies performed in the United States,
China, and Japan.44
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Table 2.3 The main dimensions and sub-dimensions of temperament proposed by
Rothbart5

Dimensions

Sub-dimension

Definition

Surgency/
extraversion

Activity level

Level (rate and extent)
of physical movement.

Approach/Positive
Anticipation

Amount of excitement
and positive
anticipation for
expected pleasurable
activities.
Amount of pleasure or
enjoyment related to
situations involving
high intensity and
novelty.
Slow or inhibited
approach in situations
involving novelty or
uncertainty.
Speed of response
initiation.
Amount of positive
affect in response

High Intensity
Pleasure

Shyness
(negative loading)
Impulsivity
Smiling and Laughter
Negative
emotionality
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Discomfort

Amount of negative
affect related to
sensory qualities of
stimulation, including
intensity, light,
movement, sound,
texture.
Anger/Frustration
Amount of negative
affect related to
interruption of ongoing
tasks or goal blocking.
Falling
Rate of recovery from
Reactivity/Soothability distress and
(negative loading)
excitement.
Fear
Amount of negative
affect, including
unease, worry or

Example of items
from Children’s
Behavior
Questionnaire (for
children 3 to 7
years)
Seems always in a
big hurry to get from
one place to
another.
Gets very
enthusiastic about
the things s/he does.
Likes going down
high slides or other
adventurous
activities.
Seems to be at ease
with almost any
person.
Often rushes into
new situations.
Smiles a lot at people
s/he likes.
Is quite upset by a
little cut or bruise.

Gets angry when told
s/he has to go to
bed.
Is easy to soothe
when s/he is upset.
Is afraid of the dark.

Dimensions

Sub-dimension

Sadness

Effortful
control

Inhibitory control

Attentional focusing

Definition

nervousness related to
pain, distress or
potentially threatening
situations.
Amount of negative
affect related to
exposure to suffering,
disappointment and
object loss.
The capacity to plan
and to suppress
inappropriate
approach responses
under instructions or in
novel or uncertain
situations.
Tendency to maintain
attentional focus upon
task-related channels.

Example of items
from Children’s
Behavior
Questionnaire (for
children 3 to 7
years)

Cries sadly when a
favourite toy gets
lost or broken.
Can wait before
entering into new
activities if s/he is
asked to.

When practicing an
activity, has a hard
time keeping her/his
mind on it.
Enjoys just being
talked to.

Low Intensity Pleasure Amount of pleasure or
enjoyment related to
situations involving low
stimulus intensity and
novelty.
Perceptual Sensitivity Detection of slight,
Is quickly aware of
low-intensity stimuli
some new item in
from the external
the living room.
environment.
2.1.2.3 Arnold Buss and Robert Plomin
According to Buss and Plomin,45 temperament dimensions are genetically-based,

observable and relatively stable across time and situation.46 Buss and Plomin identified
four temperament dimensions: emotionality, activity, sociability, and shyness.
Emotionality refers to how easily a child gets distressed and upset. Activity refers to the
speed and intensity of speech, bodily movements and energetic behaviours such as
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running. Sociability refers to the child’s preference to be with others, for example, the
child prefers playing with others rather than alone. Shyness refers to the feelings of
tension and distress in social situations, for instance, requiring a long time to warm up to
strangers. Because Buss and Plomin’s temperament model emphasised the “inherited”
criteria of temperament, their model has been used in a number of behavioural genetic
studies.47,48 Such studies in twins and adoptive siblings have enhanced the understanding
of the influence of genetics and environment on temperament.49

2.1.2.4 Hill Goldsmith
Goldsmith defined temperament as the individual’s emotional characteristics, which
encompass motor activity, anger, fearfulness, pleasure and interest.35 Goldsmith
developed the Toddler Behavior Assessment Questionnaire (TBAQ) for use with children
aged 16 to 36 months.50 Goldsmith and colleagues also developed the Laboratory
Temperament Assessment Battery (LAB-TAB) to examine children’s emotional responses
through direct observations. For instance, in the Box Empty task, the child is given a
wrapped box to open, with the examiner pretending that there is an appealing toy was
inside. The child is left alone with the box and soon discovers that the box is empty. This
test examines the emotional sadness, anger or negative emotionality of the child in
response to the failed expectations.51 The LAB-TAB has been widely used for
observational assessment of temperament in small-scale experimental studies. However,
the administration of the LAB-TAB is time consuming (about 40 minutes), requires special
training, and is relatively expensive compared to temperament questionnaires.51
Therefore, its applicability in large-scale population based studies is limited.
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2.1.2.5 Jerome Kagan
Kagan focused on “behavioural inhibition”, which is the tendency toward high or low
reactivity to novel or unfamiliar situations, in which children express fear and tendency to
withdraw in the face of stressful, novel situations.52 Kagan and colleagues observed 4month-old infants’ responses to unfamiliar stimuli in a laboratory setting. They found that
20% could be classified as high reactive (characterised by vigorous motor activity and
frequent crying), 40% classified as low reactive (minimal motor activity and crying), 25%
classified as distressed (minimal motor activity but cried frequently), and 10% classified as
aroused (vigorous motor activity but little crying).53 The high reactive group was most
likely to avoid unfamiliar events at young ages and be emotionally subdued and wary of
new situations at the later ages.53 By comparison, the low reactive group was the least
avoidant of unfamiliarity and most sociable at later ages. The “behavioural inhibition”
dimension of temperament is believed to be associated with social anxiety in later life.54
Based on Kagan’s “behavioural inhibition” concept of temperament, the Behavioral
Inhibition Questionnaire was developed by Bishop et al.55 and consists of three
dimensions: social novelty, situational novelty, and physical challenges.

2.1.2.6 Ann Sanson
Sanson defined temperament as “constitutionally based individual differences in
behavioural style relating to affect, activity, and attention that are visible from early
childhood” (p.227).37 Sanson adapted the RITQ42 developed by Carey from the
temperament theory of Thomas and Chess, and collected data on child temperament and
development for the Australian Temperament Project (ATP). The ATP is a large-scale
longitudinal study of the development of children in Victoria, Australia. The study
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commenced in 1983 with the enrolment of 2443 families with infants aged 4 to 8 months
(mean age: 25 weeks) and has followed the participants for more than 30 years.56 Using
factor analyses of the adapted RITQ, Sanson and colleagues found five temperament
dimensions – approach, rhythmicity, cooperation-manageability, activity-reactivity, and
irritability in infants aged 4 to 8 months.57 Based on these findings, Sanson and colleagues
developed the Short Infant Temperament Questionnaire – a 30-item questionnaire for
infants under 1 year of age measuring all five temperament dimensions listed above. In a
similar vein to Carey and colleagues, Sanson developed a categorical indicator of
easy/difficult temperament using scores on three dimensions (approach, cooperationmanageability, and irritability). Factor analysis of the Carey’s Toddler Temperament
Scale58 found seven dimensions of temperament (approach, irritability, cooperationmanageability, activity-reactivity, rhythmicity, persistence, and distractibility) in
Australian toddlers aged 18 to 36 months.3 These seven dimensions were included in the
Short Temperament Questionnaire for Toddlers.59 Factor analysis of the Child
Temperament Questionnaire found four dimensions of temperament (inflexibility,
persistence, sociability, and rhythmicity) in children aged 44 to 52 months. In summary,
Sanson identified three dimensions which were continuously found in the first five years,
namely approach/sociability, rhythmicity, and cooperation-manageability/inflexibility.59
Persistence was an emergent dimension in toddlers (2 to 3 years) and became more
important in childhood (4 to 5 years).

2.1.2.7 Summary of temperament models
Various definitions, models, and dimensions of temperament have been proposed by
different temperament researchers but none have been universally accepted as the
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“gold-standard”. Although different names were used, many dimensions were very
similar across different models. For example, a study comparing four temperament
models - Thomas and Chess, Buss and Plomin, Rothbart, and Goldsmith, found
temperament dimension of ‘mood’ in Thomas and Chess model overlapped with
‘emotionality’ in Buss and Plomin’s model, ‘negative affectivity’ in Rothbart’s model and
‘distress and anger’ in Goldsmith’s model.60 The dimension of ‘approach/shyness’ and
‘activity/surgency’ were found in all four models. The dimension of ‘persistence’ in the
Thomas and Chess’s model was found to overlap with ‘effortful control’ in the Rothbart’s
model.

This thesis examines temperament in two ways: 1) the “difficultness concept” which
categorises temperament as “easy” versus “difficult” using multiple dimensions such as
approach, adaptability, intensity, rhythmicity, and mood; and 2) individual dimensions of
temperament, i.e. examining the association between temperamental dimensions of
reactivity, approach, and persistence on developmental outcomes. By categorising
children into different temperament profiles, groups of children with similar
temperament characteristics can then be identified and parenting interventions may be
recommended according to the temperament profiles of children.61 Examining different
dimensions of temperament i.e. reactivity, approach, and persistence is also useful
because previous studies have suggested that some dimensions may have greater
influence on children’s cognitive and adiposity outcomes62,63 and are more likely to be
modified64 than others. However, most past studies are limited by the use of small
samples and cross-sectional design. Studies with small samples are likely to generate low
statistical power and largely varying effect sizes. Cross-sectional studies are unable to
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determine the temporal order of temperament and child outcomes. In addition, early life
effects of temperament might wane over time, as such cross-sectional studies may find
larger effects than longitudinal studies.

2.1.3 Approaches to measuring temperament in infants and children
The three main approaches to measuring temperament in infants and children are direct
home observation, laboratory assessment and parent-reported questionnaire. Among the
three approaches, parent reported questionnaires are the most commonly used to
measure temperament in infants and children. Questionnaires are relatively inexpensive
to administer and score, which is ideal for studies that involve large numbers of families.
There have been different parent-reported questionnaires developed for measuring
temperament in infants and children, Table 2.1 summarises the commonly-used
temperament questionnaires developed by different researchers. Although the validity of
parent-reported information about children’s temperament has been questioned because
parents may provide socially desirable answers,4 recent studies have shown that there is
moderate agreement between parent-reported temperament questionnaires and other
measurement approaches including direct observation.6,65,66 For instance, Asendorpf65
showed that parent report of children’s shyness at 3 to 7 years correlated with observed
shyness measures, such as latency to talk to strangers (average correlations ranged from
0.43 to 0.53). The laboratory observational approach, for example the LAB-TAB developed
by Goldsmith based on 408 US children aged 4.5 years,51 allows the detection of child
reactions to specific stimuli and gives information about children in carefully controlled
settings. While this observation avoids limitations of parent-report methods, children may
become fearful in the laboratory environment and react differently from how they would
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typically respond in a familiar environment.5 Both the home and laboratory observation
approaches are also limited because they are relatively expensive and labour intensive.5,6
Direct observations of temperament may not be practical for most large scale,
population-based studies due to costs and time constraints.

2.1.4 Stability of temperament
Understanding the stability of temperament is relevant to public health intervention, for
instance to determine whether intervention on temperament is possible, what factors
influence the stability of temperament, and at what ages is best to intervene.

Temperament is considered to be less stable under age 5 but shows considerable stability
in later childhood and adulthood.67 A meta-analysis by Roberts and DelVecchio67 from
152 longitudinal studies found moderate stability of temperament in the first three years
of life with increasing stability through to later childhood. The lower stability in early
childhood may be due to the development of self-regulation/effortful control/
persistence/attention during the toddlerhood and preschool years. Higher consistency at
a later age may be due to a greater ability to assimilate experience.67

There may also be changes in temperament across time for successive cohorts of infants
and children. An Australian study comparing differences in infant and child temperament
styles using data from the ATP (beginning in the 1980s) and LSAC (beginning in the 2000s)
showed changes in both infant and childhood temperament over the past 20 years.68 The
study found that infants in the more recent 2000s cohort (LSAC; n=5104, mean age 8.8
months) showed lower irritability than infants in the 1980s (ATP; n=2443, mean age 5.9
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months). At 4 to 5 years of age, children in the 2000s showed a higher level of sociability
and a lower level of reactivity than children in the 1980s. In general, children in the 2000s
were ‘easier’ in temperament style (less irritable and reactive and also more outgoing and
sociable) than children in the 1980s. These changes may be a result of secular shifts in
reporting bias, possibly due to differences in parental socio-economic positions as LSAC
parents have a higher educational level than parents in the ATP.68 Additionally, the ATP is
intended to be representative of the Victorian population,59 and the LSAC sample is
considered as broadly representative of the Australian population, which is likely to result
in socio-demographic differences that may have impacts on children’s temperament.

As temperament may change over time and differ from one generation to another,
updating the temperament norms on a regular basis is necessary. In 1986, Oberklaid et
al.69 examined infant temperament using the RITQ in 2443 infants from the ATP and
reported that there were some differences between the Australian norms and the original
RITQ norms published in the 1978. Although it is unclear whether the differences were
due to cultural or temporal differences, it is possible that external environmental factors
such as increased parental employment and use of child care may influence the parents’
reporting of temperament and shift the norms over time.

2.1.5 Differences in temperament by gender, socio-economic background,
and culture
Understanding the differences in temperament across culture and context is important to
determine whether findings on temperament from one population could be generalised

26

to other populations and to develop culturally-specific norms and interventions for
specific population groups.

A meta-analysis of 189 studies involving children aged 3 months to 13 years examined
gender differences in three main dimensions of temperament (effortful control, negative
affectivity, and surgency).51 Findings indicated that girls have higher effortful control than
boys, while boys at the same age are slightly higher in activity and positive emotions and
lower in shyness than girls. However, there are negligible gender differences in negative
affectivity, indicating that boys and girls do not differ in the extent to which they are
difficult, emotional, or soothable.

Differences in temperament by socio-economic background have also been investigated
by a number of studies. Some studies found there was no difference or small differences
in temperament across socio-economic background70 while others suggested that
children from lower socio-economic families were more likely to be temperamentally
difficult.3 For instance, the ATP showed that children from higher socio-economic
backgrounds were less reactive and more outgoing than children from lower socioeconomic backgrounds. It is unclear why children from lower socio-economic
backgrounds were more difficult but the authors suggested that this may be due to
differing parental perceptions about positive and negative behaviours, parenting values
and practices.71 Other studies assessing neurobiological development suggested that
growing up in a socio-economically disadvantaged environment could have an impact on
children’s self-regulation as it may compromise the neurobiology of the brain such as
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through the expression of stress hormones such as cortisol72,73 and the exposure to
prenatal smoking in infants in more disadvantaged families.74

There have been some cross-cultural comparisons of temperament. Differences in
temperament have been found between children from Western and Eastern countries.
Children from Western countries are more outgoing and emotionally intense while
children from Eastern countries are more shy.75 This may be because temperamental
shyness is viewed as positive in the Eastern culture but considered as less socially
desirable in Western cultures.75 Using the RITQ, studies have found some differences
between infants from the US and infants from Taiwan76 and Australia.69 Compared to a
sample of 203 infants from the US, infants from Taiwan (n=349) were rated as more
intense, less active, less rhythmic, less likely to approach to new subjects, less adaptable,
more negative in mood, less distractible, and have lower sensitivity to environmental
stimuli. On the other hand, the Australian infants (n=2443) were rated as less active, less
rhythmic, less adaptable and less intense than the US infants. Differences in
temperament rating may be due to cultural differences in these settings.

2.1.6 Research question 1
Are infant temperament norms derived from the US suitable for use in a cohort of UK
infants?
Even though there are a number of temperament measures, there is a lack of contextspecific norms for temperament that are suitable for use in different settings. Previous
studies of temperament have generally involved small, homogenous samples of children.
For instance, norms in the RITQ were developed based on data collected from 203
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infants, mainly from middle-class US families who attended local private paediatric clinics.
It is possible that the norms developed from the RITQ may not be applicable to other
populations. The first study of this thesis examines the infant’s temperament using a
population representative sample of UK children (n>10000) born in the 1990s and
determines whether temperament norms derived from the US are comparable and
suitable for use in the UK sample. The proportions of infants who fall into different
temperament categories (i.e. easy, difficult) resulting from using old and new norms are
compared. This research question is addressed in Chapter 4 of the thesis. The
temperament categories derived from this first piece of work are then used in
subsequent analyses using the ALSPAC data set in Chapters 6 and 7.

2.2 Parenting
While temperament is considered as an individual factor that may influence a child’s
development, the impact of temperament needs to be interpreted within the broader
context of the child’s life. Bronfenbrenner’s ecological model (Figure 1.1) extends from
individual characteristics of a child to interacting with the whole environment around
them, including families, peers, school settings, and the wider community.1 The interplay
between a child’s temperament and their environment is important for shaping their
development. During the first few years of life, the home environment, family and
parents have a big impact on the child by providing the resources and support needed for
healthy development. There is evidence that parenting and parent-child relationships are
important for children’s social and emotional development,77 cognitive functioning,
future education attainment and social status as well as physical health in childhood and
adulthood.78,79
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2.2.1 Definition of parenting practices
To date, there have been a number of studies on parenting but different definitions of
parenting are used in each study. While different terms have been used to refer to
parenting, this thesis focuses on ‘parenting practices’- specific behaviours parents use
with their children. For example, a warmth dimension that involves hugging and kissing;
and a control dimension that involves reasoning and providing autonomy support.2
Parenting practices are different from ‘parenting styles’, which combine the warmth and
control dimensions, for example authoritarian parenting style is characterised by having
low parental warmth and high parental control.

2.2.2 Parenting practices that are important for child cognitive and
adiposity outcomes
2.2.2.1 Parental warmth
Parental warmth refers to the degree of affection between the parent and the child and is
regarded as a continuum that is marked at one end with warmth/acceptance and the
other end with hostility/rejection.80-82 High parental warmth or acceptance is
characterised by affectionate behaviours, a high level of positive regard, interest and
involvement in the child’s activities, responsiveness to the child’s emotions, and positive
expressions of approval and support.83-85 On the other hand, parenting practices that
involve coercive physical disciplines such as smacking, and overt communication of
negative feelings such as criticism and disapproval are indicators of low parental
warmth.83

High parental warmth is consistently associated with positive outcomes in children. For
instance, a longitudinal study from New Zealand (n=1265) showed that children with low
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parental warmth at 0 to 5 years had a three-fold increased risk of problems such as
conduct disorder, depression, substance use and other health risk behaviours by age 15
years, than children with high parental warmth.86 A randomised trial of an intervention to
improve maternal warmth (responsiveness, emotional support, responses to infant foci of
attention, and quality of language input) for infants aged 6 to 13 months found that
infants in the intervention group had a greater improvement in socio-emotional
competence, communication (use more words), and cognitive development than infants
in the comparison group.87

2.2.2.2 Parental control
Parental control refers to parent’s use of power in achieving compliance and obedience in
children along a continuum of “autonomy” at one end to “control” at the other end.81,83
Parental control is reflected in the number of decisions parents make, the amount of
supervision they exercise, and the number of rules they hold for their children.84 High
parental control is characterised by behaviours that intrude upon or hinder the child’s
individuation process,88,89 for instance the use of pressure, solving problems for children,
and making decisions for the child based on a parental perspective.90 On the other hand,
parental autonomy support is characterised by encouraging problem solving, giving
choices, and allowing participation in decision making.91

The influence of parental control on child development is unclear because different
studies measure parental control differently. While parents’ provision of structure such as
guidelines and limits (also known as “behavioural control”) has a positive influence on
development, parental use of power such as pressure and intrusion (also known as
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“psychological control”) is detrimental for child development.92,93 For instance, a shortterm (6 months) longitudinal study of 12-year-old adolescents from the United States
(n=373) and China (n=433) showed that higher psychological support (choice making,
opinion exchange) and higher behavioural control (solicitation, restriction) is weakly
associated with better academic competence (0.02 SD higher in grades) while higher
psychological control (authority assertion, guilt induction) is associated with emotional
problems (0.04 SD lower emotional well-being).94 There have been a number of studies
that examined parental control in adolescence or late childhood but limited studies have
examined the influence of parental control in early childhood (under the age of 5). In
addition, although there is some evidence of parental control on children’s academic and
emotional development, there is a lack of research on children’s cognitive outcomes.

2.2.2.3 Parent involvement in activities with children
There is consistent evidence that parent involvement in activities such as playing and
reading are important for children, particularly for cognitive development. For instance, a
longitudinal study showed that engaging with children in activities such as writing and
reading alphabets at age 4 years was associated with 0.14 SD better cognitive ability at
age 8 years.95 Parents engaging in free-play with their children is also important for
language and cognitive development.96,97 Parental involvement in children’s activities can
help foster parent-child relationships and provide emotional support, such as warmth and
availability which are important for child language and cognitive development. A review
by Desforges and Abouchaar98 concluded that parental involvement such as teaching and
engaging in cognitive stimulation activities at home, providing a learning home
environment, and engaging in discussions and communications had an important
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influence on children’s cognitive and academic achievement and behavioural adjustment
even after taking into account confounding factors such as social class, maternal
education, income, and maternal psychosocial health.

2.2.2.4 Parental feeding practices
In addition to general parenting practices (warmth, control and involvement), there is
growing interest in food-specific parenting practices. Food-specific parenting practices
such as feeding control99-101 and using food to soothe102,103 may influence children’s
eating behaviours and weight. However, there is a lack of clear definition for feeding
control,104,105 and there is no standard measure of feeding control.109,110 However, feeding
control can be thought of as one specific example of parental control and, like parental
control, could have positive or negative impacts on children depending on a range of
contextual factors. Most studies106-108 conceptualised feeding control using the restriction
and/or pressure to eat subscales from the Child Feeding Questionnaire (CFQ).109 The
restriction subscale assesses the extent to which parents restrict their child’s access to
foods while the pressure to eat subscale assesses the tendency to pressure the child to
eat more food. However, this narrow conceptualisation of parental control yielded
conflicting results on child eating and weight status (more details in section 2.4.2). More
recently, Ogden et al. 110 suggested that feeding control can be conceptualised as two
different aspects: overt control and covert control. Overt control refers to the use of
control in ways that can be “detected by the child”, for instance deliberately limiting
certain food intake and keeping food out of reach, which are strategies measured in the
CFQ. On the other hand, covert control refers to the use of control in more subtle ways
that are “undetected by the child”, for instance avoiding going to restaurants that sell
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unhealthy foods and avoiding buying sweets and crisps and bringing them into the house.
To date, it is not clear which strategies of control are beneficial and which are detrimental
for children. These two conceptually different feeding controls may have different effects
on child eating and weight outcome (more details in section 2.4.2).111

“Food to soothe” is defined as using food in response to a child’s emotional distress due
to reasons other than hunger. Parental use of food to soothe may also be associated with
children’s eating and weight status. There is some evidence that using food to soothe
with a distressed child may be related to emotional eating,112 lower fruit intake and more
energy dense snacking.111 However, the association between food to soothe and child
weight outcomes is not clear (more details in section 2.4.2).

2.3 Temperament and parenting influences on child development
Developmental psychologists have suggested that temperament can influence child
development through three main mechanisms: 1) a direct effect, i.e. temperament
directly associated with developmental outcomes, 2) an indirect effect, i.e. the
association between temperament and developmental outcomes is mediated by
environmental factors such as parenting, and 3) an “interaction” effect, i.e. the
association between parenting and developmental outcomes depends on the child’s
temperament.5,37

This section of the thesis explains how these three mechanisms may possibly influence
children’s development, and what methods were used by previous studies in examining
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these three mechanisms. Section 2.4 and 2.5 review more specifically the literature on
how these mechanisms influence children’s cognitive ability and BMI or diet.

2.3.1 Direct and indirect effects
It is possible that temperament may have a direct influence on children’s development.
For instance, children with low persistence are less able to maintain attention and focus
on a task; therefore more likely to perform poorly in academic achievement than children
with a high level of persistence. Children with high emotional reactivity may be less able
to control their anger and frustration and more likely to develop externalising problems
(e.g. aggression and conduct problems).113 Children’s temperament may also influence
the types of parenting they received.114 For instance, parents engage in fewer playing or
reading activities with a child who shows emotional distress and this could in turn
influence the child’s cognitive development. In addition to the direct effect of
temperament on child health and developmental outcomes, there may be an indirect
effect that is mediated by parenting.

Understanding the direct effect of temperament is important because there is growing
interest on the influence of temperament dimensions, particularly persistence, on
children’s educational outcomes.115,116 It is suggested that non-cognitive abilities such as
temperamental persistence may have greater importance for future education
attainment, earnings, and employment than cognitive abilities such as IQ.117 If this is true,
improving temperamental persistence may have positive implications for human capital
at a population level.
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To properly examine the direct effect of temperament, it is important for studies to take
into account the possible mediation by parenting. Previous studies have used standard
regression models and structural equation models (SEM) to account for parenting as an
intermediate variable.118,119 The standard regression approach120 accounts for the
mediation effect by ‘adjustment’ (‘controlling for’ the parenting variable in a regression
model).

C

X

𝛽𝛽1
M

Y

Figure 2.1 Regression approach to estimate direct effect with exposure X, mediator
M, outcome Y and a set of confounders C

Statistically, the regression approach estimates the direct effect as the following:
𝐸𝐸(𝑌𝑌) = 𝛽𝛽0 + 𝛽𝛽1 𝑋𝑋 + 𝛽𝛽2 𝑀𝑀 + 𝛽𝛽3 𝐶𝐶

where X refers to the exposure, M refers to the mediator and C refers to a set of
confounders. 𝛽𝛽1is taken as the direct effect of the exposure (Figure 2.1). However, recent
advances in epidemiological and statistical research have shown that conditioning on the

mediator, M in a regression model is subjected to limitations due to the failure to account
for mediator-outcome confounders, L and interaction between X and M. Conditioning on
M induces collider-stratification bias because M is a common effect of X and L, 121 and this
could potentially lead to biased estimates of the direct effect.122 The SEM approach is
also limited because it is based on linearity assumptions and ignores the potential
interaction between X and M.123 A marginal structural model may overcome the
limitations of regression and SEM approaches to estimate of the direct effect of
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temperament.124,125 The marginal structural model is not conditional on any confounders
but uses weighting to account for confounders (more details in Section 3.2.2).

2.3.2 Theoretical “interaction” models
Developmental researchers suggest that temperament and parenting can “interact”, to
influence children’s development.126,127 The term “interaction” commonly used in
psychological research implies that the effect of an exposure on an outcome variable is
dependent on another variable.128 In epidemiological studies, this is known as “effectmeasure modification”, while “statistical interaction” is referred to as the joint effect of
two independent variables on a dependent variable. More details about effect-measure
modification and statistical interaction are included in Section 3.2.3.

Three well-known theoretical models that explain the influence of temperament and
parenting on children’s development are the goodness of fit model, the diathesis stress
model, and the differential susceptibility model.

2.3.2.1 The goodness of fit model
The goodness of fit model was proposed by Thomas and Chess in the NYLS. The goodness
of fit model reflects the match between the temperament characteristics of a child and
the demands and expectations of the parents.28 Thomas and Chess hypothesized that a
good fit occurs when there is a match or consonance between the child’s temperament
and parents’ demands and expectations, while a poor fit occurs as a result of mismatch
between the two. The idea is that certain types of parenting will have better outcomes
for children with specific temperament characteristics than for others, and that the type
of parenting that is good for some children may lead to poor outcomes for children with
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other temperament characteristics. For instance, a poor fit occurs when a child who is shy
does not meet the expectations of parents who value positive, outgoing characteristics.

Some studies support the goodness of fit concept. For instance, a small (n=125)
longitudinal study that investigated the relationship between positive and negative
emotionality in 1-year old children and behavioural inhibition at age three found that
parental warmth, while beneficial for most children’s development, was detrimental for
children high in emotional negativity.129 The authors suggested that parents who are
highly demanding tend to “push” or encourage the child to overcome their anxieties and
to be less fearful while parents who are highly supportive are more likely to accept the
child’s inhibition. Likewise, a longitudinal study of 629 US infants found that a less positive
parenting style has a better fit for slow-to-warm-up infants (infants with lower
temperamental approach and adaptability) than did a more positive parenting style.130

2.3.2.2 The diathesis stress model and the differential susceptibility model
Both the diathesis stress and differential susceptibility models (Figure 2.2) suggest that
children with difficult temperament are more sensitive or susceptible to their
environmental stimuli than children with easy temperament. In addition, the diathesis
stress model hypothesizes that when parenting is negative, children with difficult
temperament have poorer outcomes than children with easy temperament, but when
parenting is positive, children with difficult temperament have the same outcomes as
children with easy temperament.131 The ‘differential susceptibility’ model proposed by
Belsky126 is distinguishable from the diathesis stress model in the sense that highly
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reactive children have better outcomes than less reactive children when exposed to
positive parenting.

Figure 2.2 Adapted figure for diathesis stress and differential susceptibility model132

Kochanska and Kim,133 in their sample of 186 children aged 30 to 33 months, found that
when parenting was negative (low responsiveness), children with difficult temperament
had more behavioural problems than their peers with easy temperament; however, there
was no difference in behavioural outcomes between children with easy temperament and
children with difficult temperament when parenting was positive (high responsiveness).
Findings support the diathesis stress hypothesis. On the other hand, a study that
examined infant temperament (measured using the RITQ) and maternal parenting (videorecorded) at age 15, 24, 36, and 54 months on children’s adjustment found that children
who were temperamentally more difficult had more adjustment problems than
temperamentally easy children in a negative parenting environment, but showed fewer
adjustment problems than children who were temperamentally easier in the presence of
positive parenting, thus supporting the differential susceptibility hypothesis.134 The
findings of diathesis stress versus differential susceptibility hypothesis may be due to
differences in sample characteristics, such as age, background (culture, parental socio39

economic position), the aspects of temperament and parenting that were measured and
the ways they were measured (i.e. observational versus self-report questionnaires). In
addition, most studies that examined these theoretical models are limited by small, nonrepresentative samples and limited adjustment for confounders. Therefore, studies using
population-based samples and rigorous adjustment for confounders are needed to
understand whether the theoretical models are plausible.

These three theoretical models lead to the temperament and parenting as two important
influences on children’s development. Using an epidemiological approach, this thesis
focuses on the effect-measure modification by temperament, i.e. the effects of parenting
practices on children’s health and developmental outcomes differ in children with
different temperaments. As suggested by the differential susceptibility and diathesis
stress model, the detrimental effects of negative parenting (such as low warmth) may be
heightened in children with difficult temperament. If the differential susceptibility or the
diathesis stress theory is supported, interventions may be better to be targeted to
children with difficult temperament because they are more vulnerable to negative
parenting than children with easy temperament.

To examine whether there is effect-measure modification between temperament and
parenting, most studies have previously used multiple regression with a product term.128
Statistically, the regression approach, on the linear scale, estimates the effect-measure
modification as the following:
𝐸𝐸(𝑌𝑌) = 𝛽𝛽0 + 𝛽𝛽1 𝑃𝑃 + 𝛽𝛽2 𝑇𝑇 + 𝛽𝛽3 𝑃𝑃𝑃𝑃
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where P refers to the first exposure, T refers to the second exposure and PT refers to the
product of P and T (P multiplied by T). However, the regression model does not
distinguish which variable is the exposure of interest, which variable is the effect-measure
modifier, or whether both variables are exposures of interest. Therefore, when using a
regression with interaction terms, it is not known whether the coefficient for the product
term (𝛽𝛽3) is interpreted as “statistical interaction”, or “effect-measure modification”, or

both, or none.135 Interpretations of findings are confusing, with some studies conducting
effect-measure modification but interpreting results as statistical interaction, a combined
effect, or joint effect and some studies doing statistical interaction but interpreting
results as effect-measure modification. In addition, effect-measure modification is a
scale-dependent measure. That is, effect-measure modification can be examined on two
different scales: 1) a risk-difference/additive scale (for example, using a linear regression),
and 2) a risk-ratio/multiplicative scale (for example, using a logistic regression).136,137
Hence, using a regression with product terms is insufficient. The reporting of effectmeasure modification on both the risk-difference and the risk-ratio scales is highly
recommended in epidemiological research.136-138 To address the methodological
limitations from previous studies, this thesis uses a formally defined, contemporary
epidemiological approach which provides distinctions between effect-measure
modification and statistical interaction to examine effect-measure modification. Effectmeasure modification on both the risk-difference and the risk-ratio scales is examined
(details in Sections 3.2.3 and 6.2.4).
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2.4 Temperament and parenting influences on cognitive
outcomes
2.4.1 Temperament and cognitive outcomes
In this section, studies that examine the association between temperamental
“difficultness” and cognitive outcomes are reviewed, followed by studies that examine
the association between different dimensions of temperament (e.g. approach, mood) and
cognitive outcomes. Finally, interventions studies that are tailored to children’s
temperament and aimed at improving cognitive outcomes are reviewed.

Studies that conceptualise temperament as a broad concept of “difficultness” by
combining multiple dimensions have found mixed results when looking at the impact of
temperament on cognitive abilities. In 1977, Carey et al.139 compared cognitive ability in
51 children aged 5.5 to 7 years with different level of temperamental difficultness: easy,
intermediate low, intermediate high and difficult, and found no differences in cognitive
ability among the four groups. In the late 1980s, a Canadian longitudinal study involved
358 children whose temperament was measured at 4 and 8 months using five dimensions
in the RITQ (adaptability, approach, intensity, mood, distractibility) and IQ was measured
at 4.5 years using the Wechsler Preschool and Primary Scale of Intelligence. The study
found that temperamentally difficult children had higher IQ than children with easy
temperament but only in children from middle- to upper social classes.140 However, this
study did not adjust for any confounders; therefore it is likely that findings are subject to
reporting bias, for instance, mothers of lower socio-economic positions and mothers with
depression may be more likely to report their children as temperamentally difficult.141
The authors suggested that children with difficult temperament may demand more
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attention from, and interaction with, their parents, and these factors may positively
influence their cognitive development. On the contrary, two studies have suggested that
children with difficult temperament were more likely to have poorer cognitive
ability.142,143 However, findings from these two studies may not be generalised due to the
use of small, non-representative samples, as one study involved 151 infants with health
problems while another involved 100 children (93% Caucasians). Thus, inconsistencies in
findings may be due to methodological issues such as the differences in how
temperament “difficultness” was measured and conceptualised, study design, ages of
study sample, and appropriate adjustment for confounders.

Studies examining the associations between individual dimensions of temperament and
cognitive outcomes have found more consistent findings, with emotional
reactivity/negative mood associated with poorer cognitive outcomes, and adaptability,
persistence, attention and effortful control associated with better cognitive
outcomes.62,144 For instance, in a sample of 75 children, Lawson and Ruff145 found that
negative emotionality at 1 to 2 years was associated with poorer IQ at 3.5 years for boys
but not girls. There are also a number of studies that examine the associations between
temperament dimensions and academic achievement. Similar to cognitive outcomes,
higher effortful control, attention and persistence were associated with better academic
achievement.63,146-148 The influence of temperament dimensions of approach-withdrawal
and activity on academic performance is not clear. Some studies suggested that children
who are temperamentally shy were more likely to perform poorly on academic tests at
age 9 to 13 years (n=125).149,150 The authors suggested that shy children were less likely to
engage in classroom activities, and therefore more likely to be reported by teachers to
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have poorer academic achievement.149 Two studies that examined activity in infancy
reported that higher activity was associated with better cognitive outcomes151,152 while
others examined activity of preschoolers and reported a negative association between
activity and cognitive/academic outcomes.62,63 High activity during infancy may indicate a
higher level of curiosity and parents respond to their infants’ high activity by engaging in
more interactions. On the other hand, children who are highly active may present
challenges to parents and teachers with maintaining their engagement with learning
activities.

To date, the majority of studies that examined the associations between temperament
and cognitive or academic outcomes are cross-sectional, involved small samples and
many have not adjusted for important confounding factors. For instance, most studies
have not included maternal depression as a potential confounder although evidence
suggests that maternal depression is associated with child temperament153,154 and
cognitive and academic outcomes.155 In addition, it is likely that the effect of
temperament on cognitive outcomes is mediated by parenting factors. Studies have
shown that parents who are more involved in teaching and childrearing are influenced by
children’s temperament156-158 and higher parental involvement in cognitive stimulation
activities such as reading has a positive effect on children’s cognitive development.95
Although at least two studies have accounted for parenting by regression adjustment or
path analysis in structural equation models,118,119 these methods have several limitations
(see section 2.3.1 Direct and indirect effect).
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Several intervention programs aimed at improving children’s cognitive and academic
outcomes have been designed specifically for temperamentally difficult children,
recognising the additional challenges that this group sometimes face. For instance, a
randomized controlled study that involved 100 infants who were temperamentally
difficult found that improving parent-child interaction through play and providing more
stimulation resulted in less crying and more cognitive exploratory behaviours in the
intervention group than the control group.159 Intervention programs have been designed
to modify children’s self-regulation abilities, emotional competence, and coping skills and
to improve behaviours, cognitive, and academic outcomes.9,116,160 The INSIGHTS into
Children’s Temperament intervention is designed to teach parents and teachers
strategies to enhance children’s self-regulation and reduce behavioural problems and to
improve academic achievement.161,162 Similarly, the ‘Tools of the Mind’ is a curriculum
that promotes self-regulation through a comprehensive system of activities. Such
temperament-based interventions have been used in studies targeting children from low
income families10 and temperamentally difficult children who are at risk for poor
outcomes.163

2.4.2 Parenting influences on cognitive outcomes
Longitudinal observational studies have shown that parental warmth (such as sensitivity,
positive affect, and cognitive stimulation) has beneficial impacts on children’s cognitive
and language development while controlling, punitive parenting is detrimental for
cognitive development.96,164 Findings from the 1946 British Birth cohort (n=1690) showed
that parental coercive disciplines characterised by use of threat, discipline and
disapproval at age 4 years was associated with 0.23 SD lower IQ z-score at age 8 years
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even after adjusting for a range of confounders, including parental cognitive ability,
education, social class, physical and mental health.95

There is also some evidence that interventions aimed at improving parenting practices
had positive impacts on their children’s cognitive development and academic outcomes.
A systematic review of 50 articles showed that interventions were effective in improving
maternal warmth and responsiveness and had about 0.50 to 0.75 SD improvements on
children’s cognitive or academic outcomes.14 These interventions were typically provided
through home visits, clinic care, skills training and adult education with strategies that
focused on encouraging mother-child interactions through play and promoting
psychological stimulation such as reading and telling stories.15 However, it is difficult to
tease out the specific effect of parenting because some of the interventions also include
other components such as nutrition supplementation. A meta-analysis showed that the
standardised effect sizes of home visiting interventions on children’s cognitive outcomes
and parenting behaviours were 0.18 and 0.14, respectively.16

General parenting interventions such as Family Nurse Partnership (UK), Nurse Family
Partnership (US) and Sure Start (UK) suggest the impact on children’s IQ is mixed. A
randomised controlled trial of the nurse-home visiting programme provided to 743 black
women in the US who were vulnerable (unmarried, less than 12 years of education, or
unemployed) showed small improvements in IQ (0.18 SD), vocabulary (0.17 SD), and
academic achievement (0.09 SD).165 A quasi-experimental study of the Sure Start
programme, targeted to the 20% most disadvantaged areas in the UK, showed less
negative parenting such as harsh discipline and parent-child conflicts (0.44 SD) and better
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home environment (for example, reading to the child, helping to learn) (0.27 SD) but no
evidence of impacts on vocabulary (measured by Peabody Picture Vocabulary Test).166 A
pragmatic randomised controlled trial assessing the effectiveness of the Family Nurse
Partnership provided to teenage mothers (less than 19 years) in the UK found no
evidence of impacts on mother-child interactions or cognitive development.167 Mixed
findings may be due to differences in type and design of intervention (randomised versus
quasi), length and intensity, population targeted (e.g. teenage mothers versus mothers
with multiple risk factors), location (rural versus urban), and the targeted outcomes of
interventions.

2.4.3 Temperament and parenting and influence on cognitive outcomes
There is a large body of research examining whether temperament modifies the
association between parenting and children’s behaviours (e.g. externalising and
internalising problems) but few studies have focused on cognitive outcomes. Poehlmann
et al.168 examined the impact of parenting behaviours (communication, positive affect
and connectedness) and temperamental emotional distress at 9 months on IQ at 36
months preterm infants (<37 weeks). Temperamentally distressed children had higher IQs
than less distressed children when parenting was positive but had lower IQ when
parenting was negative, supporting the differential susceptibility hypothesis (Figure 2.1).
The findings of this study may not apply to infants born full-term due to differences in
parenting behaviour.169 Conway and Stifter170 observed maternal attention-directing
behaviours and children’s temperamental inhibition at 24 to 25 months on executive
function (i.e. ability to engage in goal-directed thought or action through inhibitory
control, attention shifting, and working memory processes)10 at age 4.5 years and found
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that attention-directing behaviours were associated with executive function only among
temperamentally inhibited children. However, this study was limited by its small (n=68),
non-representative sample (predominantly White, educated, middle-class families), thus
findings cannot to be generalised to the whole population.

The two studies described above examined whether the association between parenting
and cognitive outcomes differed across children with different temperament, i.e. the
“effect-measure modification” by temperament. However, results were interpreted as
“interaction” (joint effect of both temperament and parenting). Chapter 3 includes a
deeper discussion of analytical approaches needed to examine effect-measure
modification and interaction.

2.4.4 Research question 2
Is temperament at age 2 to 3 years directly affecting children’s cognitive (verbal and
non-verbal) and academic (literacy and numeracy proficiency) development at age 6 to
7 years?
There is wide interest in the influence of temperament dimensions on cognitive/academic
outcomes.171,172 However, the vast majority of the studies are cross-sectional and
hampered by methodological weaknesses including failure to control for important
confounding factors, and small samples. Importantly, most studies have not accounted
for parenting practices as an intermediate variable; parenting is influenced by child
temperament and is a major influence of children’s cognitive and academic achievement.
The few studies that accounted for parenting by adjusting for parenting in the regression
models or SEM, but there are several limitations for using these methods, as described in
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section 2.3.1. Using a national representative of Australian children, the second study of
this thesis uses a marginal structural model to examine whether temperament at ages
two to three years is associated with children’s cognitive and academic outcomes at age 6
to 7 years by properly taking into account parenting practices at age 4 to 5 years as an
intermediate variable and a range of potential confounding factors. This research
question is addressed in Chapter 5, in the form of an academic manuscript currently
under review.

2.4.5 Research question 3
Does infant temperament modify the effects of parenting practices (warmth and
control) at age 24 to 47 months on IQ at age 8 years?
Few studies have examined whether the associations between parenting and cognitive
abilities differ by infant temperament. The regression approach used by previous studies
has not been able to distinguish effect-measure modification from statistical interaction.
While effect-measure modification is of interest in some studies, results are often
interpreted as statistical interaction (more details are included in Sections 3.2.3 and
6.2.4). The third study of this thesis examines whether parenting practices (warmth and
control) at age 2 to 4 years are associated with IQ at age 8 years and whether the
associations are modified by infant temperament (i.e. the effect-measure modification by
infant temperament). This research question is addressed in Chapter 6, in the form of an
academic manuscript that is published at PLoS One.
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2.5 Temperament and parenting influences on adiposity and diet
2.5.1 Temperament influences on adiposity and diet
With obesity being one of the biggest challenges to public health of modern times,22 the
literature on how temperament influences children’s eating behaviours and risk of
obesity is growing. A 2014 systematic review of 18 papers (5 cross-sectional, 13
longitudinal) found some evidence of an impact of temperament on BMI and weight gain
in infants and preschool-aged children.173 However, effect sizes (Cohen’s d) of these
studies varied from very small (d=0-0.1) to large (d>1.0), possibly due to variation in study
design, sample size, measures of temperament, age when outcomes were measured and
analytical approach. In this section, studies are reviewed that conceptualised
temperament as “difficult” followed by studies that examined specific dimensions of
temperament (e.g. approach, reactivity).

The earliest study of temperament on children’s adiposity was conducted by Carey174 in
1985 and involved 200 middle-class US infants aged 6 to 12 months. Of the infants who
had higher weight gain from 6 to 12 month, a large proportion were temperamentally
difficult (defined as low on rhythmicity, approach, and adaptability and high on emotional
intensity and negative mood) at 6 months. This finding supported by a large study
involving 30000 Norwegian infants.175 Paradoxically, Wu et al.176 reported an association
between temperamental difficulty and infant weight gain after stratifying by maternal
warmth. When maternal warmth was low, children who were temperamentally difficult
(measured using the RITQ) had higher BMI percentile at age 5 to 12 years than children
who were easy. Thus, increasing speculation that the association between temperament
difficultness and weight may depend on the level of maternal warmth.177
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Differences in findings may also be due to the use of different temperament measures
and concepts of “difficult” temperament. For instance, Carey174 and Wu176 defined
difficult temperament from the RITQ, whereas Niegel et al.175 defined difficult
temperament using seven items from the Infant Characteristics Questionnaire which
assessed levels of fussiness. Positive associations in studies by Carey174 and Wu et al.176
may also be due to limited confounding adjustment.

When different dimensions of temperament are examined rather than a broad concept of
“difficultness”, there is some consistency in findings, with negative emotionality (e.g.
fussing and crying) associated with increased body weight in children and better selfregulation associated with lower body weight.173 A longitudinal study with 206 infants
from low income African families found that children with higher negative emotionality
had a 0.24 SD increase in skinfold fatness and about 0.04 SD increase in weight-length zscore at 12 months.178 Francis and Susman179 reported that children in the poorest selfregulation group (low inhibitory control and delay of gratification) at age 3 years had
higher gains in BMI z-score (0.57±0.05) from age 3 to 12 years than groups of children
with better self-regulation. There are several possible explanations for why children with
a difficult temperament or negative emotionality may have a higher weight status.
Parents may respond to a child’s negative emotions by attempting to calm using sweets
foods or drinks,180 television exposure,181 or by feeding solid food to infants.182 On the
other hand, children with poor self-regulation may be less able to resist the temptations
of palatable foods and have higher intake of obesogenic food than children with better
self-regulation.179
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2.5.2 Parenting influences on child adiposity and diet
The influence of parental warmth and control on children’s risk of obesity is not clear. A
longitudinal study of 850 American children showed that low maternal warmth (low
sensitivity, positive regard, supportive presence respect for autonomy, and high
intrusiveness and hostility) assessed using direct observation at 15, 24, and 36 months
was associated with 42% higher risk of obesity at 12 to 15 years of age, after adjusting for
socio-economic position, birth weight, and maternal obesity.183 On the other hand, a
cross-sectional study by Wake et al.184 using data from the Longitudinal Study of
Australian Children (LSAC) found no association between maternal and paternal warmth
and control on BMI at age 4 to 5 years (n=3040). A more recent study using LSAC data
reported that parental consistency (e.g. setting and enforcing explanations and limits) is
protective of children’s BMI.185 Differences in findings may be due to discrepancies in
study design (longitudinal versus cross-sectional), context (America versus Australia),
sample sizes (a chance association may have occurred in the smaller study), measures of
warmth, sample ages (e.g. younger children need higher warmth than older children), or
measurement approach (observation versus self-reported).

Current literature also suggests that parental feeding control and using food to soothe
may influence children’s BMI. Most studies conceptualised feeding control as “overt”
(directive strategies that are detectable by the child), for example, restricting children’s
access to specific foods or amounts of food. A number of studies have suggested that
food restriction may increase children’s preference for the restricted foods, increasing
children’s eating in the absence of hunger and weight gain.99,100 However, much of the
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evidence of the positive association between restriction and weight status comes from
analyses of a longitudinal cohort of American girls (about 5 years) from White, middle to
high income, well-educated families.100,101,186 Other studies using samples from different
populations found no association between food restriction and eating and weight
outcomes.106,187-189 On the other hand, fewer studies have examined “covert” control.
These are less directive strategies that are undetected by the child, such as hiding or not
purchasing unhealthy foods, which may have a different influence on children’s eating
and weight status. A cross-sectional study examined parental covert and overt control on
snacking behaviours in a sample of 61 children aged 4 to 7 years and reported that covert
control was associated with a decreased intake of unhealthy snacks, and interestingly,
overt control was associated with an increased intake of healthy snacks. The authors
suggested that parents who used overt control to manage the child’s food intake but did
not use food as a reward or promote unhealthy food intake may be beneficial for the
child.110

Another parenting practice that has been argued as contributing to children’s weight
problems is the use of food to soothe a distressed or unhappy infant or child. There have
been at least four published studies reporting food to soothe and children’s weight or
BMI outcomes.102,103,188,190 These studies vary in design (cross sectional,103 longitudinal102)
and size (ranging 78 to 438 participants), with two studies suggesting that food to soothe
is associated with higher weight gain or BMI at 6 to 18 months102,103 and two reporting
food to soothe was not associated with weight at preschool years.188,190 One explanation
for these differences may involve the way in which food to soothe is measured.102 When
completing questionnaires, parents may be less willing to report their actual use of food
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to soothe, whereas parents may be less likely use food to soothe their distressed child in
a laboratory setting.102 It is difficult to understand why there are such differences
between studies, and more research on whether food to soothe is convincingly linked to
children’s adiposity is warranted.

Parents have been the primary target of interventions to reduce childhood overweight
and obesity. However, three large randomised controlled trials (Infant Feeding Activity
and Nutrition Trial, NOURISH, Healthy Beginnings Trial) in Australia covering different
aspects of parenting behaviours have found little or no effect on children’s dietary intake
and BMI despite adopting different approaches, covering a broad range of messages and
assessing various outcomes. For instance, the Infant Feeding Activity and Nutrition Trial,
involved 542 first-time parents from representative backgrounds was conducted for 20
months to improve parenting skills to support healthy eating and to promote physical
activity. The trial lowered sweet foods consumption (assessed by three days 24 hour diet
recall) in children but had no effect on BMI at 20 months of age.191 The NOURISH trial is a
6-month obesity-prevention intervention with 698 first-time mothers and their healthy
term infants aimed to encourage parents to use repeated exposure to unfamiliar foods
and responsive feeding, and to promote parenting (warmth, autonomy encouragement,
and self-efficacy). The NOURISH intervention group used less feeding control and food to
soothe, but no difference in BMI z-score was found.192 These high-quality interventions
showed that parental feeding practices were modifiable; however, it remains unclear how
to intervene on childhood overweight effectively. Providing education and support to
parents may not be sufficient to change children’s eating behaviours and weight
outcomes. Individual factors such as child temperament may need to be considered, for

54

instance the association between parental feeding practices on BMI may differ according
to child temperament.

2.5.3 Temperament and parental feeding practices influence on adiposity
Guided by the temperament and parenting theoretical “interaction” models, more recent
studies have started to look at whether temperament may put some children at higher
risk of overweight than others, particularly in the presence of negative feeding practices
such as high restriction. No study has yet examined whether children with different levels
of “difficultness” are differentially influenced by parental feeding practices, although
there are a few studies that have looked at individual dimensions of temperament. For
instance, Rollins193 examined whether the effect of food restriction differs by child
temperamental approach, i.e. the level of excitement or joy in response to pleasurable
activities such as eating. This experimental study was conducted over a five week period
with 37 children aged 3 to 5 years. Children were given free access to unlimited sweet
snacks for 2 weeks. Based on the children’s preferences, experimenters decided the type
of restricted and unrestricted food to be used in subsequent sessions. In week three and
four, children underwent a period of restriction where the restricted food was available
for only five minutes while the unrestricted food was available throughout the whole
session. This study found that children with high temperamental approach (i.e. level of
excitement experienced in respond to pleasurable activities such as food) had a higher
intake of restricted snacks after the two-weeks restricted period compared to baseline
while children with low approach had no increase in intake of restricted snacks. This study
suggests that children with high temperamental approach may be more susceptible to
the influence of food restriction than children with low temperamental approach. In a
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study of 197 non-Hispanic White girls, Anzman-Frasca194 found that children with low
inhibitory control (a dimension of temperament that overlaps with impulse control, selfregulation, and executive function) and high restrictive parenting had a higher BMI and
weight gain from age 7 to 15 years than children with high inhibitory control and high
restrictive parenting after adjusting for family income, parental education and parental
BMI. A similar finding was found in a study by Rollins186 (n=180) with children whose
parents allowed unlimited access to snacks having higher weight gain than children
whose parents set limits but did not restrict snacks. In addition, the detrimental effect of
unlimited access to snacks on weight gain was larger in children with low inhibitory
control than children with high inhibitory control. This study suggests that children with
lower inhibitory control may be less able to control their intake in the presence of
palatable foods.

There are several methodological limitations in these previous studies, including small
sample size (range from 37 to 180) and problems with analysis and interpretation of
effect-measure modification. As described earlier in section 2.3.2, analyses of effectmeasure modification were poorly conducted and interpreted in all these studies.

2.5.4 Research question 4
Is temperament at age 0 to 5 years associated with children’s BMI at age 7 years? Are
parental feeding control and use of food to soothe at age 3.5 years associated with BMI
z-scores and fat mass in childhood (7 years) and adolescence (15 years)? Does infant
temperament modify the associations between feeding practices and BMI?
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Findings on the influence of feeding control and use of food to soothe on children’s
adiposity is mixed. Most of the studies examining parental feeding practices on children’s
adiposity are cross-sectional or short-term longitudinal studies (less than three years) and
involved small samples. The fourth research question of this thesis is to examine whether
parental feeding control and use of food to soothe when children were at the age of 3.5
years are associated with BMI at 7 and 15 years and fat mass at 15 years. Additionally,
this study examines whether the effect of feeding control differs by infant temperament
(i.e. effect-measure modification by temperament). This study aims to fill the gap
identified in the literature by using data from a population-based cohort study (ALSPAC)
with a larger sample size (about 8000 children), longer follow-up, using multiple
indicators of adiposity, and more robust analysis of effect-measure modification (more
details in Section 3.2.3). This research question is addressed in Chapter 7.
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Methods
This chapter describes: 1) the two datasets - the Avon Longitudinal Study of Parents and
Children (ALSPAC) from the United Kingdom and the Longitudinal Study of Australian
Children (LSAC) from Australia - used to address the research questions, 2) the
temperament, parenting, cognitive ability, academic achievement and adiposity measures
in these two datasets, and 3) the methodological and analytical approach used to answer
the four research questions.

3.1 Data sources
Data from two longitudinal, population-based observational studies – The Avon
Longitudinal Study of Parents and Children (ALSPAC) and the Longitudinal Study of
Australian Children (LSAC) - were used in this thesis because they contain rich information
on child temperament and parenting practices, which were measured repeatedly and
consistently across time, and information on important developmental and health
outcomes (cognitive ability, academic achievement, adiposity). Information on a wide
range of confounders such as socio-economic position and parents’ health were also
collected. These two datasets adopted different measures of temperament and parenting
practices. As there may be differences in temperament and parenting across cultural
context and time, the use of these two datasets allows accumulation of evidence across
two different populations to better understand the overall concept of “temperament”.
Moreover, ALSPAC has a longer follow-up than LSAC, this allows the investigation of the
influence of parenting and temperament on later developmental outcomes (adiposity at
adolescence).
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Table 3.1 summarises the research questions addressed in the thesis and the data used to
answer each research question. Research question 1 examines the temperament profiles
of UK infants using data from ALSPAC. Temperament norms for the Revised Infant
Temperament Questionnaire were originally developed for US infants, and norms for
Australian infants were published in the 1980s from the Australian Temperament Project
but temperament norms in UK infants had not been published.69 Therefore, ALSPAC was
used to fill in the gaps in the literature. LSAC was used to answer research question 2
because the association between temperament and IQ in the ALSPAC sample has been
explored in a previous Master’s degree dissertation project.195 Research question 3
examines the associations between parental warmth and control on IQ and the effectmeasure modification by temperament. ALSPAC was used to answer research question 3
because the parental warmth and control variables in LSAC are highly skewed with
approximately 80% parents reporting the highest possible score. In research question 4,
we focus on two specific aspects of parenting (parental feeding control and use of food to
soothe) and adiposity outcomes. ALSPAC was used because there are parental feeding
control and use of food soothe items in ALSPAC but not in LSAC.

Table 3.1 Outline of data used to answer each research question

1.
2.

3.
4.

Research question
Are infant temperament norms derived from the
US suitable for use in a cohort of UK infants?
Is temperament at age 2 to 3 years directly
affecting children’s cognitive (verbal and nonverbal) and academic (literacy and numeracy
proficiency) development at age 6 to 7 years?
Does infant temperament modify the effects of
parenting practices (warmth and control) at age
24 to 47 months on IQ at age 8 years?
Is temperament at age 0 to 5 years associated
with children’s BMI at age 7 years? Are parental
feeding control and use of food to soothe at age

Data source
ALSPAC
LSAC

ALSPAC
ALSPAC
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3.5 years associated with BMI z-scores and fat
mass in childhood (7 years) and adolescence (15
years)? Does infant temperament modify the
associations between feeding practices and BMI?
Overall, this research roughly followed a triangulation design by combining evidence from
different data sources to gain insight into the topic.196 In this research, triangulation was
achieved through the use of two population-based studies from different countries,
measuring different aspects of temperament and parenting using different questionnaires,
and analysing data using different approaches. This design led to a better understanding of
the interplay between parenting and children’s temperament.

3.1.1 Avon Longitudinal Study of Parents and Children (ALSPAC)
ALSPAC is a prospective observational study investigating the influence of genetic and
environmental characteristics on health and development across the life course. All
pregnant women residing in a defined part of the former county of Avon in the Southwest
of England with expected delivery date between 1st April 1991 and 31st December 1992
were eligible to be participate in ALSPAC (Figure 3.1).197 The study has been described in
detail elsewhere.197,198
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Figure 3.1 ALSPAC eligible study areas. Pregnant women from three District Health
Authorities (DHA) were recruited198

Media information was used to encourage participation of women as early in pregnancy
as possible. Antenatal care centres and maternal health services were used to promote
the study.197 Eligible women were given “expression of interest” cards which allowed
them to request further information or to decline participation. Women who requested
further information were sent a study information booklet followed by an initial
questionnaire a week later. The eligible sample has been defined retrospectively, based
on ALSPAC recruitment records and maternity, birth and child health records. The
recruitment campaign identified 20248 eligible pregnancies. Mothers with no known
contacts or opted out via expression of interest card were not enrolled. A total of 14541
pregnant mothers (71.8% of all pregnancies at that time) were recruited. Of these 14541
pregnancies, 68 had no known birth outcome, 195 were twins, 3 were triplets and 1 was
quadruplet, resulting in 14676 known foetuses. These pregnancies resulted in 14062 liveborn children of whom 13988 infants survived to 1 year of age.
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Compared to the 1991 National Census based on women with infants of less than 1 year
of age, ALSPAC mothers were more likely to live in owner-occupied accommodation
(79.1% in ALSPAC, 63.4% in UK and 68.7% in Avon), have a car (90.8% in ALSPAC, 75.6% in
UK, and 83.7% in Avon), be married (79.4% in ALSPAC, 71.8% in UK and 71.7% in Avon)
and less likely to be non-White (2.2 % in ALSPAC; 7.6% in UK, 4.1% in Avon).198 Although
mothers in the ALSPAC sample had broadly higher socio-economic position indicators
than mothers in Avon and the UK, mothers in ALSPAC were more likely to live in a
crowded household (more than one persons per room) (33.5% in ALSPAC, 30.8% in UK
and 26.0% in Avon).

Information about the mothers themselves, their partners, and the study child were
collected from the pregnant mothers through self-completed questionnaires since
enrolment. Starting from the age of 7 years, all children were invited to attend the annual
clinical assessment, known as ‘Focus clinic’.197 The ‘Focus clinic’ included assessments for
cognitive ability (IQ, reading ability), anthropometry (weight, height, waist circumference,
fat mass) and collected biological samples (saliva, urine, and blood).

3.1.1.1 Cognitive ability
Cognitive ability was measured at age 8 years in the ‘Focus clinic’ using the Weschler
Intelligence Scale for Children (WISC-III UK) administered by the ALSPAC psychology team.
The WISC-III consisted of two subscales: verbal and performance, with five subtests in
each subscale. The five subtests in the verbal subscale were Information (general
knowledge), Similarities (verbal abstract reasoning), Arithmetic (numeric reasoning),
Vocabulary (understanding of different words), and Comprehension (social
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comprehension and judgement). The five subtests in the performance subscale were
Picture Completion (attention to visual detail), Coding (visual-motor skills, processing
speed), Picture Arrangement (attention to visual detail, sequential reasoning), Block
Design (visual abstract ability), and Object Assembly (visual analysis and construction of
objects).

To reduce response burden, a short form of the measure with alternate items from each
of the ten subtests was administered. Individual items within each subtest were summed
and multiplied by 2 for picture completion, information, arithmetic, vocabulary,
comprehension, and picture arrangement; multiplied by 5/3 for similarities; and
multiplied by 3/2 for object assembly and block design. This made the raw scores
comparable to those that would have been achieved had the full test been administered.
Raw scores were converted to age-scaled scores according to standard procedures.199 The
scores on verbal and performance subscales were combined to form the Full-scale IQ. The
IQ scores were standardised on a normal British population in the early 1990s to have a
mean of 100 and standard deviation of 15. In research question 3 (Chapter 6), continuous
IQ scores were used in linear regression models to examine the associations between
parental warmth, hostility and IQ. IQ was dichotomized into ‘low’ (less than 85) and ‘high’
(85 and above) in analyses of effect-measure modification by temperament.

3.1.1.2 Adiposity
This thesis used BMI data collected at age 7 and 15 years as measures of adiposity in
childhood and adolescence. BMI was calculated as:
𝐵𝐵𝐵𝐵𝐵𝐵 =

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 (𝑘𝑘𝑘𝑘)
ℎ𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑡𝑡 (𝑚𝑚2 )
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Weight was measured to the nearest 0.1 kg using Tanita scales and height was measured
to the nearest 0.1 cm with a Harpenden stadiometer. Age and sex specific BMI z-scores
were created based on the 1990 British Growth reference.200 Overweight and obesity
were defined according to the International Obesity Task Force (IOTF) standard (Table
3.2).201

Table 3.2 International Obesity Task Force (IOTF) age and sex specific cut points
for BMI used to define overweight/obesity201

Age (years)
6.5
7.0
7.5
14.5
15.0
15.5

BMI cut points (kg/m2)
Males
Females
17.71
17.53
17.92
17.75
18.16
18.03
22.96
23.66
23.29
23.94
23.60
24.17

BMI is a convenient measure of adiposity, but it does not differentiate lean mass from fat
mass. Therefore, fat mass was used as another indicator of adiposity. Fat mass was
measured at age 15 years in the ‘Focus clinic’. A Lunar prodigy fan beam densitometer
was used to perform a whole body dual energy X ray absorptiometry (DXA) scan to
measure fat mass. The procedure was clearly explained to the parent and the child and
parental consent was obtained before proceeding. BMI and fat mass were used as
outcome measures in research question 4 (Chapter 7).

3.1.1.3 Temperament
Temperament at age 6 months was reported by mothers using the adapted Revised
Infant Temperament Questionnaire (RITQ). The RITQ was developed by Carey and
colleagues based on Thomas and Chess’s temperament model (Chapter 2) and consists of
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95 questions in nine temperament dimensions– activity, rhythmicity, approach,
adaptability, intensity, mood, distractibility, persistence, and threshold.42,58 Definitions
and examples of items in each dimension were provided in section 2.1.2.1.

The adapted RITQ used in ALSPAC consists of 88 items. There were 12 items in activity (1
omitted), 10 items in rhythmicity (2 omitted), 10 items in approach (1 omitted), 10 items
in adaptability (1 omitted), 10 items in intensity (no item omitted), 9 items in mood (1
omitted), 7 items in persistence (1 omitted), 10 items in distractibility (no item omitted),
and 10 items in threshold (no item omitted). Items were omitted as they were shown to
have non-response of at least 10% in a pilot test prior to ALSPAC because they were
considered by parents as irrelevant to the child. For example, a question on the baby’s
reactions when having an infection was irrelevant to those mothers whose baby had
never had an infection, and hence this question was omitted. The internal consistency of
the adapted RITQ ranged from 0.40 to 0.73 for subscales, and 0.79 for the composite
score. This is consistent with the internal consistencies of the original questions included
in the RITQ.42,202 Response for items ranged from 1 (almost never) to 6 (almost always).
Higher scores indicated a more ‘difficult’ temperament, i.e. high activity, low rhythmicity
(consistency in daily functions), low approach to new situation, low adaptability, high
emotional intensity, negative mood, easy distractible, low persistence and low threshold
to external stimuli. Based on the categorisation algorithm suggested by Carey and
McDevitt,41 infant temperament was categorised into easy, intermediate low,
intermediate high, and difficult (more details in Chapter 4).
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Temperament at age 38 months was measured using the Buss and Plomin’s Emotional,
Activity, and Sociability (EAS) questionnaire. The EAS consists five items in each of the
four dimensions:
1. Emotionality - tendency to get distressed and upset. Examples of emotionality
items included ‘child cries easily’ and ‘child reacts intensely when upset’.
2. Activity - speed and intensity of speech, bodily movements and energetic
behaviours, for instance, ‘active as soon as wake up’ and ‘always on the go’.
3. Shyness - feelings of tension and distress in social situations. Items in the
dimension of shyness included ‘child tends to be shy’ and ‘child takes a long
time to warm up with strangers’.
4. Sociability - preference to be with others, for instance, ‘likes to be with people’
and ‘feels isolated when alone’.

Responses for items in EAS questionnaire ranged from 1 (not at all like him/her) to 5
(exactly like him/her). Higher scores indicate higher emotionality, activity, shyness, and
sociability. Each dimension in the EAS questionnaire demonstrated acceptable to good
internal consistency.203 The EAS questionnaire was used in Section 7.2 to examine the
associations between temperament and BMI.

Temperament measured in ALSPAC at the age of 6 months were used to address research
question 1, 3, and 4. In research question 1 (Chapter 4), temperament norms (means and
standard deviations) were compared for the US and the UK infants. In research question 3
(Chapter 5), temperament was conceptualised as an effect-measure modifier of the
parental warmth-IQ and parental control-IQ associations. In research question 4 (Chapter
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6), temperament was used as a confounder of the associations between parental feeding
control and adiposity and parental use of food to soothe and adiposity.

3.1.1.4 Parenting
As described in Chapter 2, parental warmth and control are two important aspects of
parenting that impact child development. There are a number of items relating to
parenting in ALSPAC questionnaires but no specific instrument of parenting warmth and
control. Based on the warmth and control definitions in the literature, 17 items measured
from 24 to 47 months from the ALSPAC questionnaires that were related to parental
warmth and control were identified. Items selected as indicators of parenting warmth
included kissing, hugging, cuddling, shouting, and smacking (Chapter 6). An example of a
parental warmth item was ‘mother smacks child during tantrums’. Responses for this item
included never, rarely, once a month, once a week, daily. Indicators of parenting control
included reasoning with the child, degree of choices with food, clothes and battle of wills
between mothers and their study child. An example of a parental control item was
‘mother reasons with child during tantrums’. Responses for this item were often,
sometimes, never. All parenting items were reported by mothers on three to five point
Likert scales. Parental warmth and control were conceptualised as two exposures in
research question 3 (Chapter 6).

To examine the associations between parenting practices and adiposity, two food-specific
parenting dimensions were used, i.e. feeding control and using food to soothe. Parental
feeding control and use of food to soothe were measured at 42 months (3.5 years of age)
from items selected from the ALSPAC questionnaire. Parental use of control was
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measured using an item ‘how much choice do you allow him in deciding what foods he
eats at meals?’. Mothers responded to this item as ‘he can choose from any food
available’, ‘he is given a choice from a few alternatives that I select’, and ‘I decide what he
will eat’. Mothers’ use of food to soothe was measured using one item ‘how often do you
use sweets or other foods to stop his crying or fussing?’. Response to this item was
‘frequently (once a day or many times a week)’, ‘infrequently’ and ‘never’. Parental
feeding control and use of food to soothe were conceptualised as two independent
exposures in research question 4 (Chapter 7).

3.1.2 Longitudinal Study of Australian Children (LSAC)
LSAC is a population-based longitudinal study following children and families across
Australia that commenced in 2004. The study recruited two cohorts - infants in their first
year of life (B cohort, born between March 2003 and February 2004) and children in their
fourth year of life (K cohort, born between March 1999 and February 2000) at study
commencement.204 The Medicare enrolment database was used as the sampling frame to
identify eligible children. Postcodes were stratified by state/territory and by capital city
statistical division/remainder of state to ensure the sample was geographically
representative. A two-stage clustered sampling design was used to select participants.205
This included a random selection of postcodes at stage one and then a random selection
of children within each selected postcode at the second stage. For both cohorts, children
were selected from the same 311 postcodes. Some remote parts of Australia were
excluded from the study design. On most characteristics, the LSAC sample is considered
broadly representative of Australian children.206
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This thesis used data collected from the infant cohort. A total of 5107 infants (0 to 1 year)
were recruited into LSAC in 2004, and they were followed up at age 2 to 3 (n=4606), 4 to
5 (n=4386), and 6 to 7 (n=4242) years. Data were collected biennially since 2004 through
face-to face interviews with the primary caregivers (at recruitment 97% were mothers),
questionnaires for the parents and teachers, and direct assessments with the child.

3.1.2.1 Cognitive ability
Cognitive ability in LSAC was measured using an adapted version of the Peabody Picture
Vocabulary Test (PPVT-III) for verbal ability and the Matrix Reasoning test from the
Wechsler Intelligence Scale for Children, 4th edition for non-verbal ability. The adapted
PPVT was administered by a trained interviewer to children aged 6 to 7 years during
home interviews. There are 40 items in the adapted PPVT. The child was asked to point to
the picture that best represents the meaning of a word spoken by the examiner. Scores
were created using Rasch modelling to enable comparison of scores across ages.207 Scores
on the adapted PPVT in the LSAC sample ranged from 36 to 92 with higher scores
representing better vocabulary. The Matrix Reasoning test comprised 35 items of
increasing difficulty. The child was presented with an incomplete set of diagrams and was
asked to select the picture that completes the set from five different options (Figure 3.2).
Scores from the Matrix Reasoning test were reported as standard scores. The score of
Matrix Reasoning test in LSAC sample ranged from 3 to 19.
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Figure 3.2 An example in the Matrix Reasoning test

3.1.2.2 Academic achievement
Academic achievement was reported by teachers at ages 6 to 7 years using the adapted
Academic Rating Scale (ARS).208 The ARS consists of ten items in the literacy subscale
(alpha=0.91) and nine items in the numeracy subscale (alpha=0.94). Teachers were asked
to rate the child’s skills and knowledge in literacy and mathematical understanding in
relation to other children of the same age. Examples of items in the literacy subscale
included ‘reads age-appropriate books fluently’ and ‘writes sentences with more than one
clause’. Items in the numeracy subscale included ‘uses a variety of strategies to solve
math problems’ and ‘makes reasonable estimates of quantities’. Teachers rated each
item from 1 (not yet demonstrated skill) to 5 (demonstrates skill competently and
consistently). Total scores ranging from 1 to 5 were created using Rasch modelling for
both subscales with higher scores indicating higher proficiency.209
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3.1.2.3 Adiposity
Adiposity in LSAC was measured using BMI. Body weight and height were measured at
age 6 to 7 years by LSAC staff during home interviews. Weight was measured in light
clothing to the nearest 0.01 kg using a digital scale (Salter Australia, Code 79985) and
height was measured without shoes to the nearest 0.10 cm using a portable rigid
stadiometer (Invicta, Code IPO955). Two measurements of weight and height were taken.
The averages of two weight and two height measurements were used. Age and sexspecific BMI z-scores in the LSAC sample were created based on the 2000 Centers for
Disease and Prevention (CDC) Growth Charts.210 The association between temperament
and BMI z-score was presented Section 7.2.

3.1.2.4 Temperament
At age 2 to 3 years, temperament characteristics of the LSAC sample was measured using
the Short Temperament Scale for Toddlers (STST). The STST was developed from factor
analyses of the Toddler Temperament Scale (TTS), which consists of 97 items in nine
dimensions.58 The TTS was first administered to a sample of 397 children aged 1 to 3
years old in the Australian Temperament Project. The content of the TTS was found to be
suitable for use in Australian toddlers.211 The STST used in LSAC consists of four items in
each of the three dimensions (alpha=0.99):113,212
1. Approach - degree of comfort when encountering new situations or new people,
for instance, ‘pleasant (smiles, laughs) when first arriving in unfamiliar places’ and
‘smiles when an unfamiliar adult plays with him/her’.
2. Persistence - capacity to self-regulate and see tasks through to completion.
Examples of persistence items included ‘plays continuously for more than 10
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minutes at a time with a favourite toy’ and ‘stops to examine objects thoroughly
(5 minutes or more)’.
3. Reactivity - degree of intensity and emotional volatility. Items measured in
reactivity dimension included ‘responds to frustration intensely (screams, yells)’
and ‘reacts strongly (cries, screams) when unable to complete a play activity’.

The primary caregiver responded to each item from 1 (almost never) to 6 (almost always).
A mean score was calculated for each temperament dimension. Higher scores indicate
higher approach, persistence, and reactivity.

3.1.2.5 Parenting
At age 0 to 1, parenting practices were measured through face-to-face interviews
between trained professional interviewers and primary caregivers. At other ages,
parenting measures were obtained through mothers’ and fathers’ self-completed
questionnaires. Parenting dimensions measured in the infant cohort in LSAC include
warmth, hostility, inductiveness, overprotectiveness, and self-efficacy. Although warmth
and hostility dimensions are of interest in this thesis, the distribution of warmth and
hostility dimensions in LSAC data were highly skewed (e.g. about 77% parents received
the highest possible score in warmth dimension). While there has been continued
research on the LSAC parenting measures,85 the recommendations to improve measures
were not available for use in this thesis.

Besides these general parenting dimensions, the LSAC contained several items related to
parental involvement. At age 4 to 5, the primary caregivers were asked how often they
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engaged in the following activities with their child: read to the child, tell stories, draw
pictures or other craft activities, play with toys or games indoors such as board or card
games, play music, involve child in daily activities such as cooking or pet care, and play
outdoor games including walking or cycling. Items were rated from 0 (never) to 3
(everyday). Scores on these seven items were summed into a total parenting score that
ranged from 0 to 21. These items were used as a measure of parenting practices in
research question 2 (Chapter 5).

3.2 Methodological & analytical approach
The following section describes the methods and analyses used for each research
question. This is also described in detail in Chapters 4 to 7.

3.2.1 Research question 1
Are infant temperament norms derived from the US suitable for use in a cohort of UK
infants?
The first study presented in this thesis is a cross-sectional comparison of the published
temperament norms for the Revised Infant Temperament Questionnaire (RITQ) and
norms from the ALSPAC sample. The RITQ norms were standardized based on a sample of
203 US children in the 1970s, and have not been updated since. The appropriateness of
these norms for UK children was unclear due to temporal and context differences. The
RITQ comprised nine temperament subscales (described in Section 2.1.2.1). By following
the scoring approach in the manual,202 a score between 1 and 6 was generated for each
of the nine temperament subscale. The mean and standard deviation (SD) of each
temperament subscale derived from the ALSPAC sample was compared with the mean
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and SD published in the RITQ manual. By following Carey’s algorithm,41 infants were
categorised into easy, intermediate low, intermediate high and difficult temperament
groups based on the ALSPAC norms and the norms in the RITQ manual. The proportion of
infants in each group using the two different sets of norms was compared using a chisquared test.

3.2.2 Research question 2
Is temperament at age 2 to 3 years directly affecting children’s cognitive (verbal and
non-verbal) and academic (literacy and numeracy proficiency) development at age 6 to
7 years?
The second study in this thesis used data from the LSAC to examine the controlled direct
effect of temperament (reactivity, approach, and persistence) at age 2 to 3 on cognitive
ability and academic achievement at age 6 to 7 years. In Figure 3.3, a directed acyclic
graph (DAG) was used to depict the hypothesized effect of temperament and parenting
practices on cognitive ability and academic outcomes. DAGs are commonly used in
epidemiologic research to describe the causal relationships between variables. Variables
in DAGs are linked by single headed arrows that represent the direct causal effect.213
DAGs help to identify confounding and collider bias. Confounding is the bias resulting
from the presence of common causes of exposure and outcome. Controlling for
confounders is important so that the only difference in outcome between the exposed
and the unexposed groups is due to the exposure history.214 On the other hand, a collider
is a common effect of two or more variables. Adjusting for a collider may introduce bias
as it induces an association between the exposure and the outcome even if there is no
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true association between the exposure and the outcome.121 In this thesis, all DAGs were
drawn using the open-access DAGitty 2.3 software developed by Textor et al.215

M

L

Figure 3.3 DAG of the hypothesized effect of temperament and parenting pratices
on cognitive and academic achievement
Exposure: Temperament reactivity, approach, and persistence.

Outcome: verbal (PPVT)

and nob-verbal (Matrix Reasoning) cognitive abilities, literacy and numeracy (ARS).
Intermediate variable: parenting practices
Confounders of exposure and outcomes:
maternal education, financial hardship, housing tenure, Aboriginal or Torres Strait Islander
status, neighbourhood disadvantage, sex, birth weight for gestational age z-score, duration of
breastfeeding, maternal age, maternal country of birth, maternal psychological distress, mother
and partner argumentative relationship, single-parent family, gestational hypertension,
gestational diabetes, smoking and alcohol intake during pregnancy. L Confounders of
parenting and outcomes: maternal psychological distress, number of siblings, mothers’ working
Causal path.
Biasing path.
status, household income, and financial hardship

The common approach to estimate the direct effect of an exposure (X) on an outcome (Y)
is fitting a regression model of the form:
𝑌𝑌 = 𝛽𝛽0 + 𝛽𝛽1 𝑋𝑋 + 𝛽𝛽2 𝑀𝑀 + 𝐶𝐶

In this model, outcome, Y is regressed on the exposure, X, intermediate variable, M, and
some confounding factors, C. 𝛽𝛽1 is taken as the direct effect of X on Y. However, this

approach suffers from limitations when there is confounding of the intermediate variable
and the outcome, L (Figure 3.3).216 Conditioning on M would induce an association
between X and L, opening a backdoor path from X→L→Y. A backdoor path is a non-causal
path from X to Y.213 On the other hand, because L is influenced by X, conditioning on L
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would block the path from X→L→Y, which would also block part of the effect of X on Y
that is not mediated through M. Conditioning on L would also induce collider bias because
L is a common effect of C and X.121

Another approach used in psychological studies to examine direct effects is path analysis,
which is part of structural equation modelling (SEM). SEM allows the estimation of the
direct and indirect effect, but it has been criticised for not adequately addressing issues of
confounding in making causal inferences.217 In addition, the SEM approach assumes that
all the associations between the variables in the model are linear, it does not account for
any nonlinearities or interactions between any of the variables in the model.123

To overcome the limitations of the traditional regression approach and SEM, a marginal
structural model with inverse probability of treatment weights (IPTW) was used. Marginal
structural models are based on the potential outcome or counterfactual approach, which
is the outcome that would have been observed had the value of the exposure, x been set
to a counterfactual level of x*. For example, if the exposure is binary, i.e. a child has
either a high or low level of temperamental persistence, for a child who has high
persistence their potential outcome can be defined as what would be the outcome if the
child had low persistence and vice versa.

Marginal structural models handle parenting practices as an intermediate variable by
using IPTW rather than “adjusting” for variables in regressions. IPTW predicts the
probability of each individual receiving the level of exposure (i.e. temperament)
conditioned on past confounding factors and then each individual is weighted by the
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inverse of this conditional probability.124,218 The weighting method creates a pseudo
population in which the association between the exposure and the measured
confounding factors is removed, and is analogous to direct standardisation of the
exposure.125,219 Two sets of weights were created, one accounted for the confounding
between temperament and cognitive ability and another one accounted for the
confounding of the parenting and cognitive ability association.124,220 A stabilised weight
was generated by multiplying the two sets of weights together. To avoid excessively
upweighing some individuals, weights were truncated at the 1st and the 99th percentile.219

The creation of weights was based on four assumptions:219
1. Consistency - the potential outcome for every individual depends on his/her
exposure history.
2. Conditional exchangeability - the outcome Y is independent of the exposure X,
given covariates. This assumption also known as ‘no unmeasured confounding’.
The conditional exchangeability is not testable in observational data but could be
explored using sensitivity analyses.
3. Positivity - both exposed and unexposed individuals are present at every level of
the confounders.
4. Correct model misspecification - the model used to create the weights was
appropriate (e.g. linear relationship, interaction term included if appropriate, and
sufficient confounding factors). Stabilised weights with a mean of one and small
range indicate no model misspecification.219
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A marginal structural model was used to estimate the controlled direct effects of
temperament (reactivity, approach, and persistence) on cognitive and academic
outcomes after accounting for parenting practices as a mediator/intermediate variable.
The controlled direct effect compares the effect of temperament at level x to a
counterfactual level of x* by setting the value of the intermediate variable M to m. In
addition to the four assumptions above, two more assumptions are required to examine
the controlled direct effect: 1) no unmeasured confounding of the effect of exposure on
outcome, 2) no unmeasured confounding of the effect of intermediate variable on
outcome.

To examine whether there was any unmeasured confounding of the parenting-outcomes
relationship that is present to explain away the controlled direct effects of temperament
on cognitive and academic outcomes, sensitivity analyses was conducted. Following
VanderWeele,221 the bias for the controlled direct effect was estimated using two
parameters: 𝛿𝛿, denotes the difference in the prevalence of the unmeasured confounder

between the exposed and the counterfactual group; 𝛾𝛾, denotes the effect size of the

binary unmeasured confounder on the outcomes. The bias in the estimated controlled
direct effect was then estimated as the product of 𝛿𝛿 and 𝛾𝛾, under several conditions with
plausible level of 𝛿𝛿 and 𝛾𝛾.
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3.2.3 Research question 3
Does infant temperament modify the effects of parenting practices (warmth and
control) at age 24 to 47 months on IQ at age 8 years?
Study 3 examines the associations between parenting warmth and control at age 24 to 47
months and cognitive ability (IQ) at age 8 years, adjusting for infant temperament at 6
months (created from Study 1) and other confounding factors. Effect-measure
modification by infant temperament of the associations between parenting warmth,
control, and IQ was explored.

Latent class analysis
Eight items on parental warmth and nine items on parental control across 24 to 47
months were selected from the ALSPAC questionnaires based on definitions in the
literature. Items included in ‘warmth’ were related to the use of acceptance (e.g. kissing
and hugging) and hostility (e.g. slapping and shouting). Items included in ‘control’ were
related to the use of reasoning and autonomy (e.g. allowing choices). Children who were
given choices may be more likely to have better emotional control and less likely to have
behavioural problems.222 While parental control may also include behavioural control
such as setting guidelines and limits, these items were not available in the ALSPAC dataset
and therefore could not be included. To identify classes of parents with distinct
characteristics, latent class analyses (LCA) were undertaken. LCA is a model-based cluster
analysis. LCA has been widely used in a variety of health, social and behavioural sciences
including parenting,223 temperament,224 substance use,225 and health-risk behaviours to
identify individuals with distinct profiles.226 LCA has the advantages over other traditional
cluster analysis methods such as k-mean cluster analysis and hierarchical cluster analysis
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in that it takes into account the uncertainties when allocating individuals into classes and
it is based on the Expectation Maximum (EM) algorithm which allows the handling of
incomplete data in a sensible way.227-229

LCA were performed separately for parental warmth and control (Figure 3.4). The LCA is
based on the underlying theory that the latent variable (parenting warmth or control) is
unobservable but can be indicated from multiple observed items or indicators. The latent
class models assume that the items used as indicators within a latent class are
independent of each other, i.e. the “local independence” or “conditional independence”
assumption.

Warmth

Smacking

Reasoning

Shouting

Choice at
meals

Slapping

Control

Kissing/
cuddling
Praising

Choices
with
clothes
Battle of
wills

Figure 3.4 Latent class model of parenting warmth and control. Latent variable
(oval), latent class indicators (rectangles), associations between latent variable and
indicators (arrows).

The latent classes were created based on two parameters: the gamma parameter (γ)
which represents the latent class membership probabilities and the rho parameter (ρ)
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which represents the conditional item-response probabilities.230 The latent class
membership probabilities estimate the proportion of the population that fall into a given
class. The conditional item-response probabilities are probabilities of responding to each
item, given the class membership.227 The relations between the observed items and the
latent variable were indicated from the item-response probabilities. Item-response
probabilities near 0 or 1 represent a strong association between the observed items and
the latent construct.227 At least two categorical items were needed as indicators of the
latent class model. Individuals who responded to at least one of the items were assigned
to a class. Individuals were assigned to the class that they had the highest probability of
membership.

Latent class models with different number of classes (two, three, four, and five) were
tested. Model selection was based on several criteria such as log-likelihood, Bayesian
Information Criterion (BIC), Aikaike Information Criterion (AIC), and entropy. BIC and AIC
are penalized log-likelihood model information criteria to assess model fit. A smaller AIC
and BIC indicates the trade-off between model fit and parsimony is preferable.231 Entropy
refers to the precision of membership assignment across all individuals. Entropy of 1
indicates perfect assignment of all individuals to all classes. Model interpretability, that is,
how each class differs from the others on the basis of the item-response probabilities,
was also considered. Two underlying classes were found for warmth dimensions, labelled
as ‘high warmth’ and ‘low warmth’. Both ‘high’ and ‘low’ warmth classes were
characterised by frequent cuddling and kissing, but the ‘high’ warmth class involved less
shouting, slapping and smacking as opposed to the ‘low’ warmth class. A two-class
solution was chosen for the parental control dimension, labelled as ‘high control’ and ‘low

81

’control’. High’ parental control class was characterised by less reasoning, more often
battle of wills, and less choices for clothing and food than the ‘low’ parental control class.
Latent class analyses were performed using the PROC LCA command in SAS.231,232

Effect measure modification
Research question 3 aimed to examine the effect-measure modification by temperament
of the associations between parenting warmth and IQ and parenting control and IQ.
Effect-measure modification concerns whether the effect of a primary exposure on an
outcome differs across strata of a secondary exposure.135,137 In this study, parenting
warmth and control are two primary exposures of interest, and temperament is the
secondary exposure. Effect-measure modification examines whether the effect of
parenting warmth and control on IQ differ across different temperament subgroups (i.e.
easy versus difficult).

The terms “effect-measure modification” and “interaction” are often used
interchangeably.217 However, there are some distinctions between effect-measure
modification and interaction which are important especially when considering potential
intervention and policy recommendations. Only intervention on the primary exposure is
considered in effect-measure modification, while in interaction, intervention on both
primary and secondary exposures is considered. To examine effect-measure modification,
adjustment for one set of confounding factors (i.e. confounding factors of the primary
exposure-outcome association) is sufficient, however, to examine interaction, adjustment
for two sets of confounding factors (i.e. the confounding factors of the primary exposure-
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outcome association and the confounding factors of the secondary exposure-outcome
association) is required.

Traditionally, effect-measure modification and interaction are tested in regression
analyses by including a product term. However, it is not clear whether the coefficient of
the interaction term should be interpreted as effect-measure modification or interaction,
or both, or neither.135 A number of epidemiological researchers have argued that the
presentation of effect-measure modification and interaction is inadequate.136,137 In
epidemiological studies where logistic regressions are commonly used, effect-measure
modification and interaction are often reported on the risk-ratio scale. However, modern
epidemiology research has suggested that the risk-difference scale is of greater policy
relevance.217 For example, if the effect of the primary exposure is greater in one subgroup
than the other, then intervention on the subgroup with a greater risk may be considered.
The presence or absence of effect-measure modification and interaction also depends on
which scale (risk-difference or risk-ratio) it was assessed. Essentially, if both exposures
have causal effects on the outcome, the absence of effect-measure modification on the
risk-difference scale implies the presence of effect-measure modification on the risk-ratio
scale, and vice versa.233 In other words, if both exposures have causal effects on the
outcome, and there is no effect on one scale, then mathematically, there must be an
effect on the other scale. For these reasons, modern epidemiology research has
recommended that effect-measure modification and interaction to be examined using
additive (risk-difference) and multiplicative (risk-ratio) scales.137
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This study examines effect-measure modification by temperament of the association
between parenting warmth and IQ and parenting control and IQ using the approach
outlined by Knol and VanderWeele.138 Effect measure modification on the risk-difference
scale is examined using the Relative Excess Risk due to Interaction (RERI). RERI greater
than 0 indicates a positive effect-measure modification (the effect of the parenting and
temperament operating together is greater than the individual effect of each added
together), RERI less than 0 indicates a negative effect-measure modification (the effect of
the parenting and temperament operating together is less than the individual effect of
each added together), RERI of 0 indicates the absence of effect-measure modification on
the risk-difference scale.217 Effect-measure modification on the risk-ratio scale was
examined using the ratio of relative risks. In the absence of effect-measure modification
on the risk-ratio scale, the ratio of relative risks equals 1. This approach is recommended
in epidemiological methodology to fully explore the effect-measure modification.137,138,217

3.2.4 Research question 4
Is temperament at age 0 to 5 years associated with children’s BMI at age 7 years? Are
parental feeding control and use of food to soothe at age 3.5 years associated with BMI
z-scores and fat mass in childhood (7 years) and adolescence (15 years)? Does infant
temperament modify the associations between feeding practices and BMI?
Research question 4 is divided into three parts. In the first part, the association between
temperament and BMI was examined using data from both ALSPAC and LSAC. Linear
regression models were used to estimate the total effect of temperament dimensions
(e.g. approach, mood) from age 0 to 5 years on BMI at age 7 years, adjusted for a range of
confounders.
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The second part of research question examines the associations between parental
feeding control and using food to soothe at age 3.5 years) on children’s BMI z-scores at
age 7 and 15 years and fat mass at 9 years using data from the ALSPAC. As shown in
Figure 3.5 and Figure 3.6, DAG were used to demonstrate the a priori assumptions
regarding the causal associations among the exposure, outcomes and covariates. Linear
regression models were used to estimate the total effect of parental feeding control and
use of food to soothe on adiposity outcomes, adjusting for a range of confounders.

Figure 3.5 DAG representing the effect of feeding control on child adiposity
outcomes
Exposure: Parental feeding control.

Outcome: Age and sex-specific BMI z-scores at 7

and 15 years, fat mass at 9 years.
Confounders of exposure and outcome: child
temperament, dietary patterns at 3 years, birth weight z-score, eating problems (not eaten
enough, refused right food, choosy with food, difficulty to establish eating routine), maternal
characteristics (age, BMI, social class, home ownership, household crowding, financial
difficulties, sole parenting, depression, smoking, alcohol consumption, number of children,
ethnicity) and food to soothe at 3.5 years.
Causal path.
Biasing path.
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Figure 3.6 DAG representing the effect of food to soothe on child adiposity
outcomes
Exposure: Parental use of food to soothe.
Outcome: Age and sex-specific BMI z-scores
Confounders of exposure and outcome: child
at 7 and 15 years, fat mass at 9 years.
temperament, dietary patterns at 3 years, birth weight z-score, eating problems (not eaten
enough, refused right food, choosy with food, difficulty to establish eating routine), maternal
characteristics (age, BMI, social class, home ownership, household crowding, financial
difficulties, sole parenting, depression, smoking, alcohol consumption, number of children,
ethnicity) and feeding control at 3.5 years.
Causal path.
Biasing path.

The third part of research question 4 examines whether the association of parental
feeding control with BMI and fat mass differs for children with different temperaments
using data from ALSPAC. An analysis of effect-measure modification was conducted using
the approach outlined by Knol and VanderWeele.138

3.1 Dealing with missing data
Missing data is a common problem in longitudinal studies due to participants’ attrition
and nonresponse to items, questionnaires, or clinic visits.234 The mechanisms of data
being missing can be classified into three types: missing completely at random (MCAR),
missing at random (MAR), and missing not at random (MNAR).235 Missing completely at
random means that the probability of data being missing does not depend on observed or
unobserved data.236 Missing at random means that the probability of data being missing
depends on the observed data, but not the unobserved data. Missing not at random
means that the probability of being missing depends on the unobserved and observed
data.
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Traditionally, methods used to deal with missing data include complete-case analysis (list
wise deletion) and single imputation. In complete case analyses, only participants with
complete data are included in the analyses. Complete-case analysis may cause biased
estimates as it assumes that data are MCAR.237 Single imputation strategies such as mean
imputation, fail to account for the uncertainties about the missing values and often
results in standard errors that are too small.238 To overcome the limitations by completecase analysis and single imputation, multiple imputation is recommended as a better way
to deal with missing data.234

Multiple imputation takes into account the uncertainty in missing values by creating
multiple copies of the dataset in which missing values are replaced by imputed values.234
There are two common types of multiple imputation - multivariate normal imputation
(MVNI) and multiple imputation using chained equation (MICE). The MVNI replaces
missing values of variables using multivariate normal regressions. The MVNI is useful
when variables are normally distributed and there are few variables to be imputed but
have some issues when imputing variables that are not normally distributed such as
binary and categorical variables.239 MICE is more flexible as it allows imputation of
different variable types, for example linear regression, predicted mean matching, or
truncated normal regression are used to impute continuous variables (e.g. PPVT, IQ, BMI),
ordered logistic regression is used to impute ordinal variables (e.g. maternal education),
and logistic regression is used to impute binary variables (e.g. smoking yes/no).240 MICE is
useful when there are different types of variables and when there are many missing
values. Nevertheless, a study showed that both MVNI and MICE produce similar results
even in the presence of categorical variables.239 Multiple imputation by chained equation
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(MICE) was used in research question 2, 3, and 4 to deal with missing data. Variables
included in the multiple imputation model include all variables in the analysis model
(exposures, outcomes, covariates) and additional auxiliary variables that are not part of
the analysis model but were included in the imputation model to help predict the missing
values. Interaction terms (e.g. temperament*parenting) were also included in the
imputation model because they will be tested in the subsequent analysis models.236

MICE was performed using the ‘mi impute chained’ command implemented in STATA.
Twenty imputed datasets were generated with fifty cycles of “regression switching”.240,241
In each chained equation cycle, missing values in each variable were imputed based on a
predictive distribution derived from a regression on all other variables in the imputation
model. At the end of 50 cycles, one imputed dataset was generated. The process was
repeated 20 times to generate 20 imputed datasets. The overall estimates were obtained
by averaging the results from each of these 20 datasets using Rubin’s rules.235 The
procedure takes into account both within-imputation variability (uncertainty in the one
imputed dataset) and between-imputation variability (uncertainty due to missing value).

There have been some discussions about whether or not individuals with imputed
outcomes should be excluded from analysis. Von Hippel242 suggested to use the “multiple
imputation then deletion” method where all individuals were used for imputation,
however, following imputation, individuals with missing outcome were excluded from the
analysis. It was suggested that individuals with missing outcome provided no any further
information to improve regression estimates. Retaining these individuals in the analysis
only adds noise to the estimation process. However, the “multiple imputation, then
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deletion” approach has been questioned by a later publication by Sullivan et al.243 who
recommended to use the “multiple imputation” approach - individuals with imputed
outcomes were retained in the analysis. “Multiple imputation, then deletion” approach
was used in research question 3 because it has conducted before findings of the Sullivan
et al. paper were available. The “multiple imputation” approach was used in research
question 2 and 4.
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How many infants are
temperamentally difficult? Comparing norms
from the Revised Infant Temperament
Questionnaire to a population sample of UK
infants
4.1 Preface
This chapter contains the first of four articles contributing to this thesis. This article was
published in Infant Behavior and Development in 2015.244

Temperament researchers face some difficulties in comparing and classifying children’s
temperament across countries and populations. One of the reasons is that many
temperament scales do not have published norms, and where they do exist, they are
often not based on large representative samples of children. This article focuses on one of
the most frequently used temperament questionnaires – the Revised Infant
Temperament Questionnaire (RITQ) – and examines whether the norms published in the
manual are suitable for use with a large cohort of UK infants born in the 1990s. Despite its
popularity for use in paediatric practices and research, the norms for the nine subscales
of the RITQ were developed based on a small, non-representative sample of US infants in
the 1970s. This study addresses a significant gap in the literature by comparing norms
from the RITQ with norms derived from a large, representative population sample of UK
infants. Scores on each of the nine temperament sub-scales and the proportion of infants
in each of the temperament categories (i.e. ‘difficult’, ‘easy’) were compared using the
two different sets of norms. Based on the findings of this paper, norms from the UK
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population rather than the manual were used to categorise children’s temperament in
the two subsequent research questions in this thesis that use the RITQ (question 3 in
Chapter 6) and question 4 in Chapter 7).

The updated norms published from this study will be useful for UK paediatricians and
clinicians to assess children’s temperament for primary care purposes, and may be useful
for temperament researchers to compare infant temperament across time, contexts and
cultures.
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4.2.2 Abstract
The original norms for the Revised Infant Temperament Questionnaire (RITQ) were
published in 1978 and were based on a small sample from the US. The aim of this study is
to compare temperament scores from the original RITQ against scores from a large
population-based cohort of infants from the UK. This study consists of 10937 infants from
the Avon Longitudinal Study of Parents and Children (ALSPAC) born between April 1991
and December 1992 in the southwest of England. Infant temperament at 6 months of age
was reported by parents using the adapted RITQ. Responses were scored according to the
RITQ manual and then categorised into temperament groups (easy, intermediate low,
intermediate high, and difficult) using either the RITQ norms or norms derived from the
data. The scores for each temperament subscale and the proportion of children in each
temperament group were compared across the two methods. Subscale scores for the
ALSPAC sample were higher (more “difficult”) than the RITQ norms for rhythmicity,
approach, adaptability, intensity, and distractibility. When RITQ norms were applied, 24%
infants were categorised as difficult and 25% as easy, compared with 15% difficult and
38% easy when ALSPAC norms were used. There are discrepancies between RITQ norms
and the ALSPAC norms which resulted in differences in the distribution of temperament
groups. There is a need to re-examine RITQ norms and categorization for use in primary
care practice and contemporary population-based studies.
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Highlights
•

RITQ norms from the US differ from a UK population cohort

•

Different norms alter proportions of infants categorised as difficult

•

Contemporary norms derived from relevant representative samples are needed
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4.2.3 Introduction
Infant temperament assessment is recommended for health practitioners including
paediatricians, physicians, and paediatric nurse practitioners, as part of their routine
screenings. The Infant Temperament Questionnaire (ITQ) is one of the well-established
tools for assessment of infant’s temperament. The ITQ was published in 1970 by the
paediatrician, Dr William Carey41 based on results published by Thomas, Chess and
colleagues from the New York Longitudinal Study (NYLS).27 Thomas and Chess identified
nine dimensions of temperament from extensive observations and qualitative interviews
with the parents of 22 children in the NYLS and these form the nine subscales of
temperament in the ITQ (activity, rhythmicity, adaptability, approach, intensity, mood,
persistence, distractibility, and threshold). The ITQ was revised in 1978 by Carey and
McDevitt, and the Revised Infant Temperament Questionnaire (RITQ) has shown
moderate internal consistency (0.49 to 0.71 for subscales, 0.83 for composite) and good
test-retest reliability (0.66 to 0.81).42

The RITQ is used extensively by health practitioners in primary care settings40,245,246 as it is
clinically derived and is useful for identifying childhood clinical conditions such as
behavioural problems.245,247,248 The concept of “goodness of fit” introduced by Thomas
and Chess is particularly useful in clinical interventions to help parents understand the
importance of the consonance between the child’s temperament and the expectations of
the parents to the development of the child.40 Parenting advice on how to manage the
child’s behaviour can then be given according to the temperament profile of the child.
249,250

For example, in Bright Futures in Practice: Mental Health, a set of paediatric

guidelines for promoting socio-emotional wellbeing of children from birth through
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adolescence, the RITQ temperament subscales were explained and strategies on how to
improve the “fit” for the children were provided.251 A number of parent education
materials have also been developed based on the RITQ temperament subscales.252,253

The RITQ is also used in many large-scale longitudinal studies such as the Millennium
Cohort Study,254 the National Institute of Child Health and Human Development Study of
Early Child Care,255 and the Helsinki Longitudinal Temperament Study.256 Longitudinal
studies have provided evidence that temperament is associated with later development
of mental disorder,257,258 behavioural problems,3 as well as cognitive,140 language,259 and
academic performance outcomes.260 Assessing infant temperament in large-scale
community or population samples helps identify infants who may be at increased risk for
later cognitive, academic or behavioural problems and may assist policy makers to better
target groups of children for interventions. For example, parenting programs may be
considered to provide targeted support to families with temperamentally difficult
children.

As part of the RITQ, a profile sheet provides means and standard deviations (SDs) for each
subscale that can be used to identify an infant’s temperament profile.202 These means
and SDs were derived from a standardization on 203 infants (104 boys and 99 girls) aged
4- to 8-months old, predominantly from middle-to-upper class US families in 1978.42
When examining an infant’s temperament, clinicians compare the infant’s scores on each
temperament subscale with the normative scores on the RITQ defined by the 1978
sample. Infants can also be categorised into different temperament groups (easy,
intermediate low, intermediate high, and difficult) based on where their scores sit in
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relation to the normative sample. This categorization is then used for subsequent
investigations and interventions, and parenting advice can be provided to parents
according to the temperament profile of their child.

Some studies have used their own sample norms to categorize infants into temperament
groups. For instance, in a study of 985 infants in the United States, infant temperament
was categorised into three groups (easy, average, and difficult) using the study sample
means and SDs as cut-offs.255 Other studies have used the RITQ norms to categorize
infants into temperament groups but have shown significant differences between the
means and SDs observed in their sample and those established based on the 1978
sample. For example, in a study of 349 infants aged 4 to 8 months in Taiwan, RITQ items
were translated into Chinese and then translated back into English. The study found that
infants scored significantly higher than the RITQ standardization sample in approach,
adaptability, mood, intensity, distractibility, and threshold.76 Another study using a
Japanese version of the RITQ had means that were higher than the RITQ means on all
subscales except activity and threshold.261 However, the Japanese version of the RITQ has
not been back translated, so it is difficult to tease apart whether the differences are due
to translation or context-specific perceptions of difficult temperament. While using
different means and SDs could potentially result in inaccurate identification of infant
temperament, previous research using the RITQ has not addressed this issue.

As stated in the manual,202 RITQ norms published based on the standardization sample
may not apply to other populations. Norms may vary across cultures and populations.
However, to date, there are limited studies with large, representative samples that have
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published population-specific norms using the RITQ items. This is a problem for RITQ
users because this could lead to misclassification of temperament if population-specific
norms differ from the RITQ norms.

This study aims to compare the original norms (means and SDs) published for the RITQ
using the 1978 sample42 with norms derived from a large population sample of UK
infants, and the resulting categorization of temperament (easy, intermediate low,
intermediate high, and difficult) from these two different norms.

4.2.4 Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a geographically based
prospective study investigating influences on children’s health and development. A total
of 14541 pregnant women who resided in the Southwest of England, with expected
delivery date between 1st April 1991 and 31st December 1992 were recruited to ALSPAC.
The 14541 pregnancies represent 72% of the eligible pregnancies in the region during this
period.197 The ALSPAC sample is broadly representative of the population living in Avon at
the time although ethnic minorities and unmarried couples were slightly
underrepresented when compared with the 1991 National Census based on women with
an infant of less than 1 year of age.197 Ethical approvals were obtained from the ALSPAC
Law and Ethics committee and local Research Ethics committees. Informed consent was
obtained from participants.

Temperament was reported by mothers when their infant was 6 months old using an
adaptation of the RITQ.202 RITQ is a valid and reliable measure of temperament.6,42 The
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adapted RITQ used in ALSPAC comprised 88 of the 95 original questions in the RITQ.
There were 12 items in activity (1 omitted), 10 items in rhythmicity (2 omitted), 10 items
in approach (1 omitted), 10 items in adaptability (1 omitted), 10 items in intensity (no
item omitted), 9 items in mood (1 omitted), 7 items in persistence (1 omitted), 10 items in
distractibility (no item omitted), and 10 items in threshold (no item omitted). Items were
omitted as they were shown to have non-response of at least 10% in a pilot test prior to
ALSPAC because they were considered by parents as irrelevant to the child. For example,
a question on the baby’s reactions when having an infection was irrelevant to those
mothers whose baby had never had an infection, and hence this question was omitted.
The internal consistency of the 88-item RITQ ranged from 0.40 to 0.73 for subscales, and
0.79 for the composite score. This is consistent with the internal consistencies of the
original questions included in the RITQ.42

Caregivers rated their perceptions about the infant’s temperament on the nine subscales
from 1 (almost never) to 6 (almost always). Scores for each subscale were derived
according to the standard scoring procedure introduced by Carey for the RITQ.202 A higher
score on each subscale indicated a more “difficult” temperament. Following Carey,202
participants with more than 20% missing items were excluded from analysis. T-tests were
used to compare the differences between the RITQ norms and ALSPAC norms. Analyses
were conducted using STATA version 12.0 (Stata Corp, College Station, Texas).

By following the categorisation algorithm suggested by Carey,41 the study sample were
categorised into easy, intermediate low, intermediate high, and difficult according to their
scores on five subscales: rhythmicity, approach, adaptability, intensity and mood (Figure
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4.1). Infants were categorised into these four temperaments using the means and SDs
from RITQ and the ALSPAC sample, and the proportion of infants in each group were
compared using chi-squared tests.

Figure 4.1 Categorisation algorithm for each temperament group.

The ALSPAC sample was randomly divided into four groups to examine the stability of the
subscale means, SDs and categorisation.

4.2.5 Results
Table 4.1 shows the socio-demographic characteristics of the response sample and the
sample who had complete data on all nine temperament subscales (n=10937).
Participants with complete temperament data had similar characteristics as the response
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sample. Of the infants with complete temperament data, 14% had a mother with a
degree or higher education qualification, and 24% had a mother with an A level. About
57% of the sample had at least one parent who was in a professional or managerial role.
The majority (96%) of infants were White. The average age of mothers was 28 years, 9%
had financial difficulties, and 19% had depression. Approximately 5% of mothers reported
living in crowded households.
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Table 4.1 Socio-demographic characteristics of the Avon Longitudinal Study of
Parents and Children (ALSPAC) sample
Response sample

N
Infant characteristics
Birth weight (grams)
Gestational age (weeks)
Ethnicity, non-white
Sex, female
Parent characteristics
Maternal educationa
None / CSE / vocational
O level
A level
Degree or higher
Paternal education
None / CSE / vocational
O level
A level
Degree or higher
Parental highest social class
Professional / managerial
Skilled manual / non-manual
Unskilled / semiskilled manual
Maternal age (years)
Financial difficultiesb
Maternal depressionc
Household crowding, >1 person/room

13978
13976
12083
13976

Mean (SD) or %
3392.0 (559.3)
39.4 (1.9)
5.0
48.3

Temperament data
available sample
(N=10937)
Mean (SD) or %
3414.2 (548.9)
39.5 (1.8)
4.1
48.4

3728
4296
2794
1600

30.0
34.6
22.5
12.9

27.0
35.5
23.9
13.7

4124
2540
3105
2171

34.5
21.3
26.0
18.2

31.8
21.7
27.1
19.3

55.1
38.9
5.9
28.0 (5.0)
10.0
10.2
6.9

56.9
37.9
5.2
28.4 (4.8)
9.1
9.5
5.3

6342
4481
682
13978
12088
10929
12084

Note. CSE= Certificate of Secondary Education
a
Maternal and paternal education was reported as the highest completed level. CSE, O- and A-levels are
completed at secondary school. O-levels are usually studied at age 16 and A-levels at age 18.
b
Financial difficulties were measured using five items asking how difficult the mother found it to afford
food, clothing, heating, rent or mortgage, and things they will need for their babies. A total score of 0
represented no financial difficulties and 15 represented maximum financial difficulties. Mothers with a score
of ≥9 were defined as experiencing financial difficulties.
c
Maternal depression was assessed using the Edinburgh Postnatal Depression Scale at 8 weeks postpartum.
Mothers with a score of ≥12 were considered as displaying depressive symptoms.
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Table 4.2 shows the mean and SD scores for each of the nine temperament subscales
among ALSPAC infants, alongside the mean and SD scores published using the original
RITQ sample.42 ALSPAC infants had higher mean scores than the RITQ sample on the
rhythmicity, approach, adaptability, intensity, and distractibility subscales. Of the five
subscales used for categorizing temperament, three (rhythmicity, approach, and
adaptability) showed mean differences from the RITQ norms. The largest difference of
0.40 (95% CI 0.32, 0.48) was observed for adaptability with children in the ALSPAC sample
showing significantly lower adaptability than children in the RITQ sample. Examples of
items in adaptability subscale are “adjust within 10 minutes to new surrounding” and
“still wary of strangers after 15 minutes”.
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Table 4.2 Comparison of temperament subscale means and SDs (norms) in the
Revised Infant Temperament Questionnaire (RITQ) and Avon Longitudinal Study of
Parents and Children (ALSPAC) samples
Temperament subscale

Activity
(1=low; 6=high)
Rhythmicity
(1=regular; 6=irregular)
Approach
(1=approach; 6=withdraw)
Adaptability
(1=high; 6=low)
Intensity
(1=mild; 6=intense)
Mood
(1=positive; 6=negative)
Persistence
(1=high; 6=low)
Distractibility
(1=high; 6=low)
Threshold
(1=high; 6=low)

RITQ norms (US)42,
N=203

ALSPAC norms
(UK),
N=10937

Mean difference
(95% CI)

Mean
4.40

SD
0.56

Mean
4.35

SD
0.53

-0.05 (-0.12, 0.02)

2.36

0.68

2.60

0.69

0.24 (0.14, 0.34)

2.27

0.78

2.53

0.64

0.26 (0.17, 0.35)

2.02

0.59

2.42

0.57

0.40 (0.32, 0.48)

3.42

0.71

3.51

0.56

0.09 (0.01, 0.17)

2.81

0.68

2.78

0.66

-0.03 (-1.12, 0.06)

3.03

0.82

2.95

0.73

-0.08 (-0.18, 0.02)

2.23

0.60

2.42

0.56

0.19 (0.11, 0.27)

3.79

0.76

3.75

0.61

-0.04 (-0.12, 0.04)

Note. Subscales used for categorisation are rhythmicity, approach, adaptability, intensity, and mood

Table 4.3 shows that the proportion of infants in each temperament group differed
depending on whether the RITQ or ALSPAC norms were applied (χ2(9) =109.60, p<0.001).
Using ALSPAC means and SDs, fewer children were categorised as difficult (15%) and
more were categorised as easy (38%), compared with RITQ norms (24% and 25%,
respectively).

As shown in the Appendix A (Table 4.4 and Table 4.5), the subscale means, SDs, and
categorisation of temperament were similar across all four random subsamples.
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Table 4.3 Temperament categorisation of the Avon Longitudinal Study of Parents
and Children (ALSPAC) sample based on means and SDs from the Revised Infant
Temperament Questionnaire (RITQ) and ALSPAC samples (n=10937)
Temperament
categorisation
Easy
Intermediate low
Intermediate high
Difficult

Using RITQ norms
n
2691
3593
2050
2603

%
24.6
32.9
18.7
23.8

Using ALSPAC norms
n
4101
3673
1524
1639

%
37.5
33.6
13.9
15.0

4.2.6 Discussion and conclusion
Compared with the RITQ sample of 203 US children from the 1970s, ALSPAC infants in the
1990s scored considerably higher in rhythmicity, approach, and adaptability indicating
higher scores on these subscales is normal for infants in this population sample. As such,
when ALSPAC norms were used, fewer infants were categorised as having a difficult
temperament and more infants were easy. The differences between the RITQ and ALSPAC
norms can potentially be explained in several ways. First, the differences might be due to
real changes in infant temperament across time, with infants in the 1990s being more
difficult than infants in the 1970s, or at least that mothers in the 1990s were more likely
to report their infants as difficult than mothers in the 1970s. However, a study of
approximately 1000 US infants born in 1991 showed that the means and SDs of their
sample were similar to those in RITQ.134 Second, it is possible that there are cross-cultural
differences, in which parents’ perceptions of infant temperament varied according to
cultural beliefs and values.75 In this case, higher scores in the ALSPAC sample may reflect
British mothers as more likely than American mothers to perceive their infants as difficult.
However, there is a lack of evidence to support this. Although the ALSPAC population is
more representative than the RITQ sample, there are still limitations to the ALSPAC
sample in that it represents a predominantly White study sample, which may limit its
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generalizability to population groups of different cultural backgrounds. Future studies
into cross-cultural examination of temperament may be needed. Third, the difference in
means and SDs may be due to the nature of the RITQ standardization sample and the
ALSPAC sample. ALSPAC is a large, representative sample of UK infants, whereas the RITQ
standardization sample is relatively small (n=203), and was recruited from three private
paediatric practices from the eastern US, with primarily Euro-American families from the
middle to upper socio-economic position.42,202 Therefore, it is likely that the RITQ
standardization sample may not be representative of the wider population. When RITQ
items were used in a population sample of UK infants, we found some differences
between norms from the large, geographically representative sample of UK infants and
norms from the RITQ standardization sample published in the manual. ALSPAC norms
may be more suitable for use with UK infants than RITQ norms because they are derived
from a local sample and may be more specific to the UK context. Users of RITQ need to
consider using norms that are most relevant to their own contexts.

There are a variety of temperament measurement tools available and many different
ways to define temperament. The RITQ was developed based on the child psychiatric
approach that emphasizes the importance of temperament and the “goodness of fit”27 of
children’s temperament with parental expectations. This “goodness of fit” concept is
useful to provide advice to parents,262 and teachers,263 and for studying parent-child
relationships.130 Community interventions that applied the “goodness of fit” concept have
been effective in improving aspects of child temperament (improved attention, emotional
control, exploration and sociability),159,160,162 mathematics and reading achievement,162 as
well as reducing behavioural problems.162,163 From a public health perspective, this
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“goodness of fit” concept is important for use in interventions to help parents to
understand their child’s temperament and to better manage their child. There are other
temperament measurement tools developed based on a child neurobehavioral
development that are useful for investigating the emergence and development of
temperament attributes.40 It is beyond the aim of this paper to compare the usefulness of
different measurement tools and we do not attempt to advocate the use of the RITQ’s
nine subscales or the five-subscale composite. Because the RITQ remains widely used in
primary care and research, we would like to draw attention to the importance of the RITQ
norms and how these might affect the categorisation of infants’ temperament.

In this study, we used five variables (rhythmicity, approach, adaptability, intensity, and
mood) to define the concept of difficult. Even though these five variables are often used
to define difficult temperament, other studies have found that these five variables failed
to cluster together.5 Therefore, researchers have defined and used the concept of difficult
temperament differently. For example, Rothbart focuses on poor self-regulation and high
reactivity as the central definition of temperament6 while Bates’ concept of difficult was
only focused on negative emotionality.264 In the current study, adaptability may be the
main contributor to the difference in proportions of infants categorised as difficult since it
showed the biggest difference between the RITQ sample and the ALSPAC sample.
Nevertheless, we used the five-variable concept in categorizing infant temperament
simply to illustrate the problem of potential misclassification of temperament from using
different norms.
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There are some limitations in this study. First, as the ALSPAC data were collected in 19911992 they may not reflect the most contemporary measures of temperament among UK
infants. More up to date information from large-scale community or population studies is
needed. Large scale users of RITQ are encouraged to develop and utilize their more up to
date norms based on the samples collected for their specific purposes. Second, there may
be minor differences between the ALSPAC norms observed here and the norms had all
RITQ items been used. However, means in each subscale were calculated based on the
total scores divided by the number of items with responses in the subscale. Participants
with more than 20% missing items in each subscale were excluded from analysis, as
recommended in the manual.202 Given that subscale means are calculated by taking the
mean of 7 to 12 items, it is unlikely that the one or two items omitted in each subscale
will have a meaningful impact on the means and SDs observed in this study.

This study casts some doubt on the appropriateness of using the 1978 normative data to
categorize the temperament of infants in the 21st century. ALSPAC norms may be more
appropriate for use with UK infants as they are more recent and derived from a larger,
representative sample than the RITQ standardization sample. However, more up to date
norms are still needed. Given that temperament profiles and categorisation are used to
inform interventions and parenting practices, it is important that temperament
researchers re-examine the appropriateness of RITQ norms to more accurately identify
infant temperament. The RITQ norms may not be generalizable to other populations or
other more contemporary studies, and hence care should be taken when using the RITQ
norms so that infant temperament is not misidentified.
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4.2.7 Online Appendices
Appendix A
Table 4.4 Norms from the Avon Longitudinal Study of Parents and Children
(ALSPAC) and the four randomly split subsamples
ALSPAC
norms
(UK),
N=10937

Activity
(1=low; 6=high)
Rhythmicity
(1=regular;
6=irregular)
Approach
(1=approach;
6=withdraw)
Adaptability
(1=high; 6=low)
Intensity
(1=mild;
6=intense)
Mood
(1=positive;
6=negative)
Persistence
(1=high; 6=low)
Distractibility
(1=high; 6=low)
Threshold
(1=high; 6=low)

Mean SD
4.35 0.53

ALSPAC
random
subsample 1,
N=2706
Mean
4.35

SD
0.53

ALSPAC
random
subsample
2, N=2761

ALSPAC
random
subsample
3, N=2753

ALSPAC
random
subsample
4, N=2717

Mean SD
4.35 0.53

Mean SD
4.36 0.53

Mean SD
4.35 0.53

2.60

0.69

2.60

0.70

2.61

0.67

2.58

0.70

2.61

0.69

2.53

0.64

2.53

0.64

2.52

0.63

2.53

0.64

2.54

0.64

2.42

0.57

2.42

0.57

2.42

0.56

2.41

0.57

2.43

0.58

3.51

0.56

3.52

0.57

3.52

0.57

3.52

0.55

3.51

0.55

2.78

0.66

2.79

0.66

2.78

0.66

2.78

0.66

2.78

0.65

2.95

0.73

2.96

0.73

2.94

0.72

2.94

0.72

2.95

0.72

2.42

0.56

2.42

0.56

2.43

0.55

2.41

0.56

2.43

0.57

3.75

0.61

3.75

0.60

3.76

0.61

3.76

0.51

3.74

0.61

Note. Subscales used for categorisation are rhythmicity, approach, adaptability, intensity, and mood.
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Table 4.5 Temperament categorisation in the Avon Longitudinal Study of Parents
and Children (ALSPAC) sample and the four randomly split subsamples
ALSPAC
norms
(UK),
N=10937

Easy
Intermediate low
Intermediate high
Difficult

n
4101
3673
1524
1639

%
37.5
33.6
13.9
15.0

ALSPAC
random
subsample 1,
N=2706
n
987
935
374
410

%
36.5
34.6
13.8
15.2

ALSPAC
random
subsample
2, N=2761

ALSPAC
random
subsample
3, N=2753

ALSPAC
random
subsample
4, N=2717

n
1055
915
389
402

n
1049
919
380
405

n
1010
904
381
422

%
38.2
33.1
14.1
14.6

%
38.1
33.4
13.8
14.7

%
37.2
33.3
14.0
15.5
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Does temperament at ages 2-3
directly affect cognitive and academic
outcomes at ages 6-7?
5.1 Preface
This chapter contains the second article contributing to this thesis. This article was
submitted for publication in April 2016 and is currently under review.

In Chapter 4, differences in temperament between US and UK infants were identified, and
in Chapter 5 the focus shifts from infants to toddlers. Temperament in younger children
(infancy) is thought to reflect the innate characteristics of an individual, whereas
temperament in older children (toddlerhood and preschool age) is thought to be more
strongly influenced by environmental factors such as parenting and the rapid
development of self-regulation which makes temperament modifiable through
interventions. Within the literature there is widespread interest in modifying aspects of
temperament as a means of improving children’s skills and abilities across a wide range of
developmental domains, including cognitive, social, emotional, language and academic
skills.117 However, most studies have not accounted for parenting practices when
examining the direct effect between temperament and cognitive and academic
outcomes, and a majority of studies are limited by the use of small samples and crosssectional design.

Chapter 5 examines temperament in toddlerhood (2 to 3 years) and the influence of
temperament on cognitive outcomes and academic achievement in childhood (6 to 7
years). Data from a nationally representative sample of Australian children (LSAC) was
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used. There are some advantages in using the LSAC data over ALSPAC data for this
particular research question because LSAC collected data on temperament using
culturally appropriate temperament questionnaires that were suitable for use in
Australian children. The temperament questionnaires used in LSAC were developed from
the Australian Temperament Project (ATP). In addition, the temperament questionnaires
used in LSAC consists of three main dimensions: reactivity, approach, and persistence
which were consistent with temperament models suggested in contemporary
temperament research.6 While the associations between temperament with cognitive
and academic outcomes have been investigated in many psychological studies, this study
applies a larger population-based sample and contemporary epidemiological analyses
that account for a wide range of confounders to make more confident causal inferences.
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5.2.2 Abstract
Aim: There is widespread interest in temperament and its impact upon cognitive and
academic outcomes. We examined the controlled direct effects of temperament (2 to 3
years) on cognitive and academic outcomes (6 to 7 years) after accounting for parenting
practices (4 to 5 years) because parents may respond differently to children’s
temperament and parenting practices are an important influence on children’s learning.
Methods: Participants were from the Longitudinal Study of Australian Children (n=5107).
Cognitive abilities were measured by the Peabody Picture Vocabulary Test (verbal ability)
and the Matrix Reasoning test (non-verbal ability). Academic outcomes (literacy and
numeracy) were reported by teachers using the Academic Rating Scale. Temperament
was reported by mothers using the Short Temperament Scale for Toddlers with 3
subscales: reactivity, approach, and persistence. Parenting practices were measured using
7 items about the frequency parents engaged in activities with their children. Marginal
structural models with inverse probability of treatment weights were used to estimate
the controlled direct effects of temperament.
Results: Of the 3 subscales, persistence showed the largest effects on verbal (β=0.58;
0.27, 0.89) and non-verbal (β=0.19; 0.02, 0.34) abilities. There were positive effects of
persistence on literacy (β=0.08; 0.03, 0.13) and numeracy (β=0.08; 0.03, 0.13) but
negative effects of reactivity on literacy (β=-0.08; -0.11, -0.05) and numeracy (β=-0.07; 0.10, -0.04). Little evidence of approach on literacy and numeracy was found.
Conclusion: The controlled direct effects of temperament on cognitive and academic
outcomes, after accounting for parenting practices, were small.
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What is already known on this topic
•

Temperament may influence cognitive and academic performance.

•

Children’s temperament may also influence parenting practices, which could then
affect their outcomes.

•

Past studies have not taken into account parenting practices when examining the
direct effect of temperament.

What this paper adds
•

Temperament reactivity and persistence had direct effects on verbal, non-verbal
cognitive abilities and literacy and numeracy.

•

Temperament approach had direct effect on verbal and non-verbal cognitive abilities
but no effect on literacy and numeracy.

•

Effect sizes of temperament reactivity, approach and persistence were small after
accounting for parenting.
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5.2.3 Introduction
There is widespread interest in the influence of children’s temperament on cognitive and
academic outcomes.63,144 Temperament is the individual characteristics in behavioural
styles that are biologically-based, but also shaped by environmental context.37
Temperament dimensions found in young children include reactivity, approach, and
persistence, and all three dimensions may impact learning and cognitive development.56
Temperamental reactivity encompasses the child’s emotional intensity and volatility,
while persistence refers to the ability of the child to stay on task and maintain their
attention.56 Less is known about the influence of temperamental approach, which is the
degree of comfort when encountering new situations or people.56 Temperament
reactivity and persistence are modifiable through positive interactions with parents and
teachers.11,265 Increasing children’s persistence and reducing their reactivity may be a
mechanism to improve children’s cognitive and academic outcomes, provided that there
are direct effects of temperament on these outcomes.11,117,265

To estimate the direct effect of temperament, analyses need to consider that children’s
temperament may also influence parenting practices,157,266 which are known to influence
children’s cognitive and academic outcomes.95 For example, Maccoby et al.157 showed
that temperamentally difficult children received less teaching effort from parents than
temperamentally easy children. On the other hand, Dixon et al.266 found that mothers
engaged in more high quality play with temperamentally difficult children than easy
children. Parental engagement in activities is known to have positive impacts on
children’s cognitive and academic outcomes,95 and differential parental engagement for
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temperamentally easy and difficult children might explain some of the effects of
temperament on children’s cognitive and academic outcomes.

Studies examining the direct effect of temperament on cognitive and academic outcomes
involve limited adjustment for potential confounders.63,267,268 The few studies118,119 that
accounted for parenting practices by adjusting for parenting in regressions or path
analyses have reported some evidence of a direct effect of temperament on outcomes.
However, adjusting for parenting practices could introduce bias when parenting practices
are affected by temperament and when there are confounders of parenting and
outcomes (Appendix B).124 In this study, we use marginal structural models (MSMs) to
estimate the controlled direct effects (CDEs) of temperament (reactivity, approach and
persistence) at ages 2 to 3 years on cognitive and academic outcomes at ages 6 to 7 years
after accounting for parenting practices at ages 4 to 5 years using a weighting approach.
We study both cognitive and academic abilities because cognitive ability measures the
verbal and non-verbal skills needed to succeed in life, and academic achievement
provides an indication of child performance in real-life settings, which is predictive of
later educational achievement and labour market outcomes.269

5.2.4 Methods
Study design and sample
This study used data from the infant cohort of the Longitudinal Study of Australian
Children (LSAC), which is a population-based longitudinal study that commenced in 2004.
A two-stage clustered sampling process was used to recruit participants.205 This included
a random selection of postcodes at stage one and then a random selection of children
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within each selected postcode using the Medicare enrolment database as a sampling
frame. At study commencement, 5107 infants in their first year of life were recruited into
the study, and they were followed up at ages 2 to 3 (n=4606), 4 to 5 (n=4386), and 6 to 7
(n=4242) years. The LSAC sample is considered broadly representative of Australian
children.205 LSAC was approved by the Australian Institute of Family Studies ethics
committee. Written informed consent was obtained from all participants.

Cognitive ability
Verbal ability (receptive vocabulary) was measured using an adapted Peabody Picture
Vocabulary Test (PPVT), and non-verbal ability (fluid reasoning) was measured using the
Matrix Reasoning test from the Wechsler Intelligence Scale for Children, 4th edition.270
The adapted PPVT-III207 was administered by a trained interviewer to children aged 6 to 7
years during home interviews. The child was asked to point to the picture that best
represents the meaning of a word spoken by the examiner.271 The adapted PPVT-III was
comparable to the full PPVT-III.207 Scores were created using Rasch modelling.207 The
matrix reasoning test comprised 35 items of increasing difficulty. The child was presented
with an incomplete set of diagrams and was asked to select the picture that completes
the set from 5 different options. Scores were reported as standard scores, based on age
appropriate norms.270

Academic achievement
Academic achievement was reported by teachers at ages 6 to 7 years using the adapted
Academic Rating Scale (ARS).208 The ARS consists of two subscales: literacy (10 items) and
numeracy (9 items). Teachers were asked to rate the child’s skills and knowledge in
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literacy and mathematical understanding in relation to other children of the same age. An
example of items in literacy subscale was ‘reads age-appropriate books fluently’. An item
in the numeracy subscale included ‘makes reasonable estimates of quantities’. Teachers
rated each item from 1 (not yet demonstrated skill) to 5 (demonstrates skill competently
and consistently). Total scores ranging from 1 to 5 were created using Rasch modelling
with higher scores indicating higher proficiency.209 The ARS is a reliable measure of
children’s academic performance (α=0.91 for literacy; 0.94 for numeracy).272

Temperament
Temperament was measured at ages 2 to 3 years using the Short Temperament Scale for
Toddlers (STST).211 The STST is an adapted version of the Toddler Temperament Scale.58
The STST used in LSAC consisted of 3 subscales: reactivity, approach, and persistence (4
items in each subscale, α=0.99 for each subscale), rated by mothers from 1 (almost never)
to 6 (almost always). An average score was calculated for each subscale. Higher scores
indicate higher reactivity, approach, and persistence.

Parenting practices
Parenting practices were assessed at ages 4 to 5 years using 7 items measuring how often
the mothers engaged in the following activities with the child: read to the child, tell
stories, draw pictures or other craft activities, play with toys or games indoors such as
board or card games, play music, involve child in daily activities such as cooking or pet
care, and play outdoor games including walking or cycling. These seven items have been
used as important indicators of early childhood development in the UNICEF Multiple
Cluster Index Surveys.273 Items were rated from 0 (none) to 3 (everyday). A total score
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ranging from 0 to 21 was calculated from scores of these items. A higher score indicated
more positive parenting practices.

Confounders of the association between temperament and outcomes
Factors that might confound the associations between temperament and cognitive and
academic outcomes were decided a priori using a directed acyclic graph (Appendix C).
Confounders included maternal education, financial hardship, housing tenure, Aboriginal
or Torres Strait Islander, neighbourhood disadvantage, gestational hypertension,
gestational diabetes, smoking and alcohol intake during pregnancy, sex, birth weight zscore, breastfeeding, maternal age, country of birth, psychological distress, mother and
partner argumentative relationship, single-parent family. All these confounders were
reported by mothers during home interviews when children were aged 0 to 1 year.
Details about how these confounders were measured were included in Appendix C.

Confounders of the association between parenting practices and outcomes
To estimate the CDEs, we need to account for confounding associated with parenting and
cognitive or academic outcomes.124 Specifically, this set of confounders were reported by
mothers at ages 4 to 5 years and included: 1) variables that were affected by
temperament and in turn confound the parenting-outcome association; including
maternal psychological distress and number of siblings, and 2) variables that were not
affected by temperament but confound the parenting-outcome association; including
maternal working status (full-time, part-time, and not working), household income (total
resources from adult family members), and financial hardship.
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Analysis
Using MSMs, we estimated the CDEs of temperament (reactivity, approach, and
persistence) (X), on cognitive and academic outcomes (Y) after accounting for parenting
practices (M), potential confounders of the association between temperament and
cognitive and academic outcomes (C), and confounders of the association between
parenting practices and cognitive and academic outcomes (L). The MSM is based on a
counterfactual or potential outcome framework, and it allows the estimation of the CDE
by comparing the effect of temperament in the exposed group x and the counterfactual
group x* while setting the M to a uniform level of m.124

The MSM takes into account confounders that affect the association between parenting
practices and outcomes to give an estimate of the CDE of temperament.

The CDEs were estimated from linear regression models of the form:
𝐸𝐸[𝑌𝑌𝑖𝑖 | 𝑋𝑋𝑖𝑖 , 𝑀𝑀𝑖𝑖 ] = 𝛽𝛽0 + 𝛽𝛽1 𝑥𝑥 + 𝛽𝛽2 𝑚𝑚
Potential confounding was accounted by fitting the model above with stabilised inverse
probability of treatment weights of the form = 𝑤𝑤𝑖𝑖𝑋𝑋 × 𝑤𝑤𝑖𝑖𝑀𝑀 , where

and

𝑤𝑤𝑖𝑖𝑋𝑋 =

𝑤𝑤𝑖𝑖𝑀𝑀 =

𝑓𝑓(𝑋𝑋𝑖𝑖 )

𝑓𝑓(𝑋𝑋|𝐶𝐶𝑖𝑖 )
𝑓𝑓(𝑀𝑀𝑖𝑖 |𝑋𝑋𝑖𝑖 )

.

𝑓𝑓(𝑀𝑀𝑖𝑖 |𝑋𝑋𝑖𝑖 ,𝐶𝐶𝑖𝑖 ,𝐿𝐿𝑖𝑖 )

The weight 𝑤𝑤𝑖𝑖𝑋𝑋 accounted for the confounding of the association between X and Y by
conditioning on C. The weight 𝑤𝑤𝑖𝑖𝑀𝑀 accounted for the confounding of the association
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between M and Y by conditioning on X, C, and L. Weights were obtained from probability
density functions, estimated using linear regressions.124 Weights were truncated at the 1st
and 99th percentile to deal with outliers (Appendix B). MSMs were performed separately
for each aspect of temperament (reactivity, approach, and persistence).

We performed sensitivity analysis to determine the extent to which an unmeasured
confounder U might affect the association between M and Y. We estimated the bias for
the CDEs under a range of conditions based on the conceivable prevalence and the effect
size of U (Appendix D).221

Multiple imputation
Multiple imputation was used to account for potential bias from missing data, under the
missing at random assumption. Imputed datasets were generated using the ‘mi impute
chained’ command in STATA (StataCorp, College Station, TX). The imputation model
included temperament, parenting practices, cognitive and academic outcomes,
confounding variables and auxiliary variables that predicted missingness. Twenty imputed
datasets were generated with 50 cycles of regression switching. All analyses were
performed on the complete case sample and the imputed sample and the results were
similar (data not shown). Results from the imputed sample (n=5107) are reported.

5.2.5 Results
Table 5.1 Characteristics of response, complete case, and imputed samples shows the
characteristics of LSAC response, complete case (n=1647) and imputed (n=5107) samples.
The characteristics of the imputed sample were similar to the response sample.
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Table 5.1 Characteristics of response, complete case, and imputed samples
Response samplea

M (SD) or %

Complete case
sample,b
n=1647
M (SD) or %

Imputed
sample,
n=5107
M (SD) or %

4185
4180
3408
3357

74.4 (5.2)
10.7 (3.0)
3.4 (0.8)
3.3 (0.8)

75.2 (4.9)
11.0 (3.0)
3.5 (0.7)
3.5 (0.8)

74.2 (5.2)
10.7 (3.0)
3.4 (0.8)
3.3 (0.8)

3530
3533
3532

3.0 (1.0)
3.9 (1.0)
4.3 (0.7)

2.9 (0.9)
4.0 (1.0)
4.3 (0.7)

3.0 (0.9)
3.9 (1.0)
4.3 (0.7)

4385

11.8 (3.9)

12.0 (3.8)

11.7 (3.9)

1677
1766
1656
5089
5100

32.9
34.6
32.5
0.9 (1.3)
35.8

41.4
34.2
24.4
0.7 (1.1)
23.0

32.9
34.6
32.5
0.9 (1.3)
35.8

N
Outcomes, Y (Cognitive ability
and academic achievement)
PPVT
Matrix reasoning
ARS-Literacy
ARS-Numeracy
Exposures, X (Temperament)
Reactivity
Approach
Persistence
Intermediate variable, M
Parenting practices
Confounders of X-M or X-Y
Mother’s highest education, %
Tertiary
Diploma/certificate
Schooling only
Hardship score
Housing tenure, rented or
other, %
Aboriginal or Torres Strait
Islander, %
Index of relative socio-economic
disadvantage (IRSD)
Child is male, %
Birth weight for gestational age
z-score
Duration of breast feeding, %
Never breastfed
<1 month
<3 months
<6 months
6 months or more
Maternal age
Mother is born in Australia, %
Mother’s psychological distress
Mother and partner
argumentative relationship
Single-parent household, %
Mother had gestational
hypertension, %
Mother had gestational
diabetes, %
Any alcohol during
pregnancy, %
Smoking during pregnancy, %
Confounders of M-Y
Mother’s psychological distress
Number of siblings
Mother’s working status, %

5107

4.5

2.1

4.5

5107

1008.8 (60.2)

1017.2 (57.2)

1008.8 (60.2)

5107
4999

51.1
0.0 (1.1)

48.5
0.1 (1.0)

51.1
0.0 (1.1)

420
518
473
692
2461
5106
4997
4308
3931

9.2
11.4
10.4
15.2
53.9
31.0 (5.5)
80.0
4.4 (0.8)
2.2 (0.6)

5.8
8.4
8.7
14.0
63.2
32.2 (4.6)
83.0
4.5 (0.5)
2.1 (0.6)

9.2
11.4
10.3
15.2
54.0
31.0 (5.5)
79.4
4.4 (0.6)
2.2 (0.6)

5103
4238

9.7
7.8

0.2
7.8

9.7
8.1

4223

5.7

5.2

5.9

4227

38.9

44.1

37.3

4239

16.7

10.6

18.2

3818
4386

4.5 (0.6)
1.5 (1.3)

4.5 (0.5)
1.5 (0.9)

4.5 (0.6)
1.5 (1.0)
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Response samplea

Working full-time
Working part-time
Currently not working
Household income per week, $

N
957
1804
1622
3668

Hardship score

4365

M (SD) or %
21.8
41.2
37.0
1977.8
(1343.4)
0.3 (0.7)

Complete case
sample,b
n=1647
M (SD) or %
19.8
46.6
33.6
2054.5 (1365.3)
0.2 (0.6)

Imputed
sample,
n=5107
M (SD) or %
21.1
40.7
38.2
1893.6
(1297.7)
0.3 (0.8)

PPVT, Peabody Picture Vocabulary Test; ARS, Academic Rating Scale; X-M, exposure-mediator; X-Y,
exposure-outcome; M-Y, mediator-outcome
a
Response sample is the number of participants who responded to specific assessment for each child
exposure, outcome, or confounder.
b
Complete case sample includes participants with complete data on all exposures, outcomes, and
confounders.

Table 5.2 displays the CDEs of temperament subscales on child outcomes after accounting
for all confounding factors using stabilised weights. High temperamental reactivity had
negative effects on all outcomes, particularly verbal ability (β=-0.37 95% CI -0.59, -0.14).
High approach had positive effects on verbal (β=0.45 95% CI 0.22, 0.67) and non-verbal
abilities (β=0.11 95% CI 0.01, 0.21) but little or no effect on literacy (β=0.03 95% CI -0.01,
0.07) or numeracy (β=0.01 95% CI -0.02, 0.05). High persistence had a positive impact on
all outcomes. However, effect sizes were small for all temperament subscales. For
instance, 1 unit higher persistence (range: 1 to 5) was associated with 0.58-unit (0.11 SD)
higher verbal ability and 0.19-unit (0.06 SD) higher non-verbal ability.
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Table 5.2 Controlled direct effects (CDEs) of temperament reactivity, approach, and persistence at ages 2 to 3 years on child outcomes
at ages 6 to 7 years (n=5107)
Child outcomes
PPVT
Matrix reasoning
ARS-Literacy
ARS-Numeracy

β
-0.37
-0.11
-0.08
-0.07

Reactivity
(95% CI)
(-0.59, -0.14)
(-0.21, -0.01)
(-0.11, -0.05)
(-0.10, -0.04)

ESa
0.07
0.04
0.10
0.09

β
0.45
0.11
0.03
0.01

Approach
(95% CI)
(0.22, 0.67)
(0.01, 0.21)
(-0.01, 0.07)
(-0.02, 0.05)

ES
0.09
0.04
0.04
0.00

β
0.58
0.19
0.08
0.08

Persistence
(95% CI)
(0.27, 0.89)
(0.02, 0.34)
(0.03, 0.13)
(0.03, 0.13)

ES
0.11
0.06
0.10
0.10

CI, confidence interval, ES, effect size, PPVT, Peabody Picture Vocabulary Test, ARS, Academic Rating Scale.
a
ES were calculated by dividing the beta coefficients by the standard deviations.
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Our sensitivity analysis (Appendix D) showed that the CDEs were generally robust in the
presence of a binary unmeasured confounder. The observed CDEs would be explained by
the unmeasured confounder in scenarios when there is a large difference (for example,
80%) in the prevalence of the unmeasured confounder U between the exposed and the
counterfactual group and when the effect sizes of the U on outcomes were moderate to
strong (for example, β=0.60).

5.2.6 Discussion
This study found some evidence of CDE of temperament at 2 to 3 years on children’s
verbal and non-verbal cognitive abilities and literacy and numeracy outcomes at ages 6 to
7 years, but these effects were small.

Of the three temperament dimensions, persistence had the largest CDE on children’s
cognitive abilities and academic achievement, which is consistent with other studies that
have measured persistence, or other aspects of self-regulation using different
questionnaires144,146 for children at different ages.144 For instance, a cross-sectional study
showed that temperamental effortful control at 3 to 5 years measured using the
Children’s Behavior Questionnaire (CBQ) was associated with 0.29 SD higher letter
knowledge and 0.17 SD higher math achievement.146 Rudasill et al.268 found that
temperamental attention measured using CBQ at 4.5 years was associated with 0.18 SD
higher reading scores and 0.14 SD higher mathematic score in children aged 8 to 10 years.
The effect sizes of persistence in the current study (0.11 SD for verbal cognitive, 0.06 SD
for non-verbal cognitive, 0.10 SD for literacy and numeracy) were smaller than in previous
studies that did not account for parenting practices and other important
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confounders.146,268 Without accounting for parenting, we would expect the effect sizes in
this sample would be larger and similar to previous research.

This current study found that temperamental reactivity in toddlerhood had negative
effects on cognitive and academic outcomes, with the largest effect of 0.10 SD on literacy,
which is similar to other studies that measured temperamental mood and negative
emotionality in older children.144,267 Studies that measured emotional reactivity during
infancy have reported somewhat different findings. Karass and Braungart-Rieker274 found
no evidence of infants’ frustration and anger on cognitive ability at age 3 years. Lawson
and Ruff145 found that mother-reported negative mood at 1 year was associated with
lower IQ at age 3.5 years. It is possible that younger children are less able to regulate
their emotion and attention as self-regulation develops after the age of 2.275

Consistent with a previous study that also used the approach subscale in the STST,276 this
current study found that higher approach was associated with higher verbal (0.09 SD) and
non-verbal (0.04 SD) cognitive abilities. However, the previous study did not account for
parenting, and the effect of approach on vocabulary ability was smaller (0.01 SD).276 This
smaller effect of approach could be because parents spend more time with shy children
to help them cope with unfamiliar or new environments and everyday tasks. Therefore,
with positive parenting, shy children may not demonstrate poorer outcomes than
outgoing children. While we found little evidence of temperament approach on literacy
and numeracy, a previous study found that shy children were more likely to be reported
by teachers as having poorer academic achievement.149 The difference in findings may be
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because the previous study did not account for parenting practices or measured shyness
at later ages when children were expected to have more developed sociability skills.

This study used a large, nationally representative sample to strengthen the
generalizability of the findings to the whole population. Previous studies used smaller
(n<500), non-representative samples, and cross-sectional or short term longitudinal
design (1 to 2 years).146,267 We are able to account for parenting practices, which are an
important influence of children’s cognitive and academic outcomes and a wide range of
potential confounders to estimate the CDEs of temperament. Previous studies have not
accounted for parenting or only examined narrow aspects of parenting.118,119 In this
current study, parenting practices were defined as the frequency of parents engaging in
activities with their children because there is evidence that this aspect of parenting is
important for children’ cognitive development.95 However, it is possible that a broader
definition of parenting practices might have an impact on the estimated direct effects.

There is some evidence of a controlled direct effect of temperamental persistence,
approach and reactivity at ages 2 to 3 years on cognitive and academic outcomes at ages
6 to 7 years, but the effects are small. The largest direct effect observed was for
persistence on verbal ability but this effect corresponded to only a 0.11 SD increase in
verbal ability for every 1 point increase in persistence. Future research may be useful to
establish the direct effect of persistence on a broader range of outcomes such as school
completion and grades, tertiary entrance rankings, and labour market outcomes.
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5.2.7 Online appendices
Appendix B The marginal structural model

Figure 5.1 Causal diagram of the hypothesized effects of temperament at 2 to 3
years and parenting practices at 4 to 5 years on cognitive and academic outcomes
at ages 6 to 7 years

Figure 5.1 depicts the causal diagram for our study. X (temperament subscales of
reactivity, approach, and persistence) represents the exposure, M (parenting practices)
represents the intermediate variable, and Y (cognitive and academic outcomes)
represents the outcome. C represents confounders of the association between
temperament (X), parenting practices (M), and cognitive and academic outcomes (Y)
measured at ages 0 to 1 year (maternal education, financial hardship, housing tenure,
Aboriginal or Torres Strait Islander, neighbourhood disadvantage, sex, birth weight for
gestational age z-score, duration of breastfeeding, maternal age, maternal country of
birth, maternal psychological distress, mother and partner argumentative relationship,
single-parent family, gestational hypertension, gestational diabetes, smoking and alcohol
intake during pregnancy). L represents confounders of the effect of parenting practices M
on cognitive and academic outcomes Y measured at ages 4 to 5 years (maternal
psychological distress, number of siblings, mothers’ working status, household income,
and financial hardship).
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The standard approach to estimate the direct effect is by regressing the outcome Y on the
exposure X and some exposure-outcome confounders C and then considering whether
the coefficient for X changes when controlling for the intermediate variable M. The
difference in coefficients of X is a measure of the effect that is going through by M.120
However, using the standard regression approach to assess the direct effect can lead to
biased estimates when there are confounders of the M-Y association, L.216,277 For
example, the number of siblings L affects parenting practices M at age 4 to 5 years and
child outcomes Y at age 6 to 7 years. If we adjusted for M, as in the regression approach,
we induce an association between X and L.216 If we additionally adjusted for L, we block
part of the direct effect of X on Y that is not through M.278

To overcome limitations of standard regression, marginal structural models have been
recommended for better estimation of the direct effect.124 The marginal structural model
differs from the standard regression approach in that the model is for counterfactual
outcomes rather than observed outcomes.124,279 The counterfactual approach allows the
estimation of the controlled direct effect by comparing the extent to which an outcome
would change if the intermediate variable were controlled at level m uniformly in the
population but the exposure was changed from the observed level, x to a counterfactual
level, x*.124

The marginal structural model is not conditioned on any covariates but uses a weighting
approach to account for confounding factors.219,280 Under the assumption of no
unmeasured confounding factors, the weighting method creates a pseudo population in
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which the association between confounding factors and the exposure is removed. The
weighting approach takes into account the confounding effect of L to allow a better
estimation of the direct effect.125

Table 5.3 displays the estimated stabilised inverse probability of treatment weights. The
means of the stabilised weights were around 1.00, suggesting no misspecification of the
model.219

Table 5.3 Stabilised inverse probability of treatment weights
Estimated weight

Reactivity
Approach
Persistence

Mean (SD)
1.00 (0.55)
1.00 (0.46)
1.00 (0.47)

Minimum/maximum
0.03/54.12
0.04/41.36
0.05/33.10

Weight truncated at 99th
percentile
Mean (SD) Minimum/maximum
0.99 (0.38)
0.25/4.39
0.99 (0.32)
0.27/3.54
0.99 (0.31)
0.29/3.30
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Appendix C Confounders of the association between temperament and outcomes

Indicators of socio-economic position included maternal education (tertiary, diploma and
certificate, and schooling only), housing tenure (owned/mortgaged versus rented/other),
Aboriginal or Torres Strait Islander (yes/no), financial hardship, and neighbourhood
disadvantage. Financial hardship was assessed from 7 items asking whether mothers had
experienced the following due to shortage of money: adults or children went without
meals; they were unable to heat or cool their home; they pawned or sold something; or
they sought assistance from a welfare or community organization. Hardship scores
ranged from 0 to 7, with a higher score indicating greater financial difficulties. The Index
of Relative Socio-economic Disadvantage (IRSD) was used as an indicator of
neighbourhood disadvantage. The IRSD is based on postcode of residence and has a
national mean of 1000 and a standard deviation of 100, with lower scores indicating
greater disadvantage.

Intrauterine factors included self-reported gestational hypertension (yes/no), gestational
diabetes (yes/no), and smoking and alcohol intake during pregnancy (yes/no). Child
factors included sex, birth weight for gestational age z-score and duration of breast
feeding (never breastfed, < 1 month, <3 months, < 6 months, and ≥6 months). Birth
weight percentiles were calculated based on Australian birth weight percentiles data
collected from 1998 to 2007 stratified by sex and gestational age.281

Maternal and family factors included age, maternal country of birth (Australia versus
other countries), psychological distress, mother and partner argumentative relationship,
and single-parent household (yes/no). Mother’s psychological distress was assessed using
the Kessler K6 scale with a total score that ranged from 1 to 5.282 Higher scores indicated
134

less distress. Five questions were asked about conflicts the mother had with her partner,
including disagreement, argument, stressful conversation, verbal hostility, and physical
hostility. Responses for each item ranged from 1 (not at all) to 5 (all the time). Higher
scores indicated more argumentative relationships.
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Appendix D Sensitivity analysis for controlled direct effects

Sensitivity analyses were conducted to assess the effect of a binary unmeasured
confounder, U of the association between M and Y, on the CDEs of the temperament
subscale of reactivity on cognitive and academic outcomes. The bias for the conditional
CDE is defined as221:
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 �𝐶𝐶𝐶𝐶𝐶𝐶𝑥𝑥,𝑥𝑥∗ (m)� = 𝛿𝛿𝛿𝛿

Where 𝛿𝛿 denotes the difference in prevalence of U in the exposed, x and counterfactual,
x* group while 𝛾𝛾 denotes the effect size of U on cognitive and academic outcomes.

Table 5.4 showed that to invalidate the observed CDE (β=-0.37) of reactivity on the PPVT
score, the unmeasured confounder U would need to have a difference in prevalence of
80% (for example 90% for exposure level x, and 10% for counterfactual exposure level x*)
and would be required to decrease the PPVT score by at least 0.6. U might have an effect
size of 0.6 on the PPVT score. However, it does not appear plausible for a U to have a
prevalence difference of 0.8 or more that could eliminate the CDE of reactivity on PPVT.
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Table 5.4 The effect of a potential unmeasured binary confounder U of parenting
practices to outcomes pathway
P(U=1|x, m, c)(1)
P(U=1|x*, m, c(2)
δ=(1)-(2)
γ
d=δγ
Peabody Picture Vocabulary Test (direct effect of reactivity β=-0.37)
0.6
0.4
0.2
-0.40
-0.08
0.7
0.3
0.4
-0.40
-0.16
0.8
0.2
0.6
-0.40
-0.24
0.9
0.1
0.8
-0.40
-0.32
0.6
0.4
0.2
-0.60
-0.12
0.7
0.3
0.4
-0.60
-0.24
0.8
0.2
0.6
-0.60
-0.36
0.9
0.1
0.8
-0.60
-0.48
0.6
0.4
0.2
-0.80
-0.16
0.7
0.3
0.4
-0.80
-0.32
0.8
0.2
0.6
-0.80
-0.48
0.9
0.1
0.8
-0.80
-0.64
Matrix Reasoning Test (direct effect of reactivity β =-0.11)
0.6
0.4
0.2
-0.10
-0.02
0.7
0.3
0.4
-0.10
-0.04
0.8
0.2
0.6
-0.10
-0.06
0.9
0.1
0.8
-0.10
-0.08
0.6
0.4
0.2
-0.20
-0.04
0.7
0.3
0.4
-0.20
-0.08
0.8
0.2
0.6
-0.20
-0.12
0.9
0.1
0.8
-0.20
-0.16
0.6
0.4
0.2
-0.30
-0.06
0.7
0.3
0.4
-0.30
-0.12
0.8
0.2
0.6
-0.30
-0.18
0.9
0.1
0.8
-0.30
-0.24
ARS-Literacy (direct effect of reactivity β =-0.08)
0.6
0.4
0.2
-0.05
-0.01
0.7
0.3
0.4
-0.05
-0.02
0.8
0.2
0.6
-0.05
-0.03
0.9
0.1
0.8
-0.05
-0.04
0.6
0.4
0.2
-0.10
-0.02
0.7
0.3
0.4
-0.10
-0.04
0.8
0.2
0.6
-0.10
-0.06
0.9
0.1
0.8
-0.10
-0.08
0.6
0.4
0.2
-0.15
-0.03
0.7
0.3
0.4
-0.15
-0.06
0.8
0.2
0.6
-0.15
-0.09
0.9
0.1
0.8
-0.15
-0.12
ARS-Numeracy (direct effect of reactivity β =-0.07)
0.6
0.4
0.2
-0.05
-0.01
0.7
0.3
0.4
-0.05
-0.02
0.8
0.2
0.6
-0.05
-0.03
0.9
0.1
0.8
-0.05
-0.04
0.6
0.4
0.2
-0.10
-0.02
0.7
0.3
0.4
-0.10
-0.04
0.8
0.2
0.6
-0.10
-0.06
0.9
0.1
0.8
-0.10
-0.08

𝑃𝑃(𝑈𝑈 = 1|𝑥𝑥, 𝑚𝑚, 𝑐𝑐) = prevalence of the unmeasured confounder for exposure level x; 𝑃𝑃(𝑈𝑈 = 1|𝑥𝑥 ∗ , 𝑚𝑚, 𝑐𝑐) =
prevalence of the unmeasured confounder for exposure level x*. δ = difference in the prevalence of the
unmeasured confounder between exposure level x and x*; γ= beta coefficient of the direct effect of U on Y; d
=magnitude of bias, is the product of δ
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Parenting practices at 24 to 47
months and IQ at age 8: Effect-measure
modification by infant temperament
6.1 Preface
This chapter contains the third article contributing to this thesis. The article was published
in the journal PLoS One in March 2016.283

In Chapter 5, the direct effect of temperament on cognitive and academic achievement
was examined. After taking into account parenting practices and a range of confounders,
the effect sizes of temperament were small (≤0.11 SD). Since temperament had such a
small influence on children’s cognitive and academic outcomes, the focus of this thesis
then shifted to parenting as the exposure, and temperament as an effect modifier. As
reviewed in Chapter 2, developmental theories such as the differential susceptibility
model suggest that children of difficult temperament may be more susceptible to the
influence of negative parenting than children with easy temperament. Chapter 6 focused
on the impact of parenting on cognitive abilities, and considered whether negative
parenting might have a more pronounced impact on cognitive abilities for children with
particular temperament profiles.

In Chapter 6, the associations between two important aspects of parenting practices, i.e.
parental warmth and control, and cognitive ability was explored. The associations
between parenting and IQ were stratified to examine whether the associations differed in
children with different temperament profiles, i.e. the effect-measure modification. This
chapter explains the limitations of the conventional approach used to examine
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“interaction” used in many previous studies and uses a more advanced epidemiological
approach to analyse and present effect-measure modification analyses. This article may
be useful to inform whether parenting interventions and policies should be targeted to
parents of children with difficult temperament.
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6.2.2 Abstract
Cognitive development might be influenced by parenting practices and child
temperament. We examined whether the associations between parental warmth, control
and intelligence quotient (IQ) may be heightened among children in difficult
temperament. Participants were from the Avon Longitudinal Study of Parents and
Children (n=7044). Temperament at 6 months was measured using the Revised Infant
Temperament Questionnaire and classified into ‘easy’ and ‘difficult’. Parental warmth and
control was measured at 24 to 47 months and both were classified into 2 groups using
latent class analyses. IQ was measured at 8 years using the Wechsler Intelligence Scale for
Children and dichotomized (<85 and ≥85) for analysing effect-measure modification by
temperament. Linear regression adjusted for multiple confounders and temperament
showed lower parental warmth was weakly associated with lower IQ score [β=-0.52 (95%
CI 1.26, 0.21)], and higher parental control was associated with lower IQ score [β=-2.21 (2.95, -1.48)]. Stratification by temperament showed no increased risk of having low IQ in
temperamentally difficult children [risk ratio (RR) =0.97 95% CI 0.65, 1.45)] but an
increased risk among temperamentally easy children (RR=1.12 95% CI 0.95, 1.32) when
parental warmth was low. There was also no increased risk of having low IQ in
temperamentally difficult children (RR=1.02 95% CI 0.69, 1.53) but there was an increased
risk among temperamentally easy children (RR=1.30 95% CI 1.11, 1.53) when parental
control was high. For both parental warmth and control, there was some evidence of
negative effect-measure modification by temperament on the risk-difference scale and
the risk-ratio scale. It may be more appropriate to provide parenting interventions as a
universal program rather than targeting children with difficult temperament.
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6.2.3 Introduction
Cognitive ability is an important aspect of healthy child development. Intelligence
quotient (IQ), derived from intelligence tests, is a marker of future health, academic
achievement, occupational outcomes, and social development.18-20 At the population
level, increases in average IQ are associated with improvements in economic growth.284
Children with lower IQ have increased risk of mortality and morbidity as well as lower
occupational status and earnings in adulthood.17 Cognitive abilities develop in early life
through social interactions,285 and a nurturing environment is particularly important to
facilitate cognitive development.96 For instance, children with supportive parents who
engage in learning activities are more ready to learn and develop their cognitive abilities.

Parental warmth and control are two aspects of parenting that are important for
children’s development. There is some evidence that parental warmth is associated with
children’s cognitive development.87,95. Parents who understand the child’s needs may also
be more likely to provide support to assist the child in developing learning skills such as
mastery, security, autonomy, and self-efficacy.286 On the other hand, low warmth
parenting that uses verbal and physical punishments may hinder the child’s cognitive
development. High parental control is characterized by behaviours that involve the use of
pressure, solving problems for children, and making decisions for the child based on a
parental perspective.89,90 High parental control may be associated with lower levels of
intrinsic motivation as children with controlling parenting are less likely to engage in
activities and attempts that help them to learn.287 Children of more controlling parents
may also have poorer self-regulation,89 hence affecting their cognitive development.
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Besides parenting practices, individual factors such as the child’s temperament also play a
role in their development. Children who are high in approach to unfamiliar persons or
objects, more adaptable to new environments and more positive in mood are linked to
have higher IQ.144,171 There is also some evidence that self-regulation is associated with
IQ.288,289 Self-regulation, which is the ability to consciously control activity, emotion, and
attention, is an emerging component of temperament that is observable from the age of
two.6,290 Studies categorize temperament by combining traits including rhythmicity,
approach, adaptability, intensity, and mood to create a construct of difficult
temperament have found mixed results. One study reported no association between
temperament and IQ,33 whereas another found that IQ was higher in children with
difficult temperament than children with easy temperament.140 Further studies are
needed to determine the influence of temperament on children’s IQ.

This study aims to examine whether the associations between parenting warmth, control
and IQ differ among children with different temperaments, i.e. the possibility that
temperament is an effect modifier of the association between parental warmth and
control on IQ. Our hypothesis that temperament would modify the associations between
parenting warmth, control and IQ is based on the following rationale. Temperament is the
individual differences in styles that are observable from early childhood.27 In this study
we use the Revised Infant Temperament Questionnaire (RITQ) measured at 6 months of
age, and dichotomized into difficult versus easy or other categories as has been
recommended.291 It is possible that some temperament characteristics may help buffer
children from adverse effects of negative parenting practices. For instance, children who
are temperamentally easy are more capable at controlling their own emotions and more
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adaptable to their environment. Therefore, they are better in finding ways to fit in into
their environmental context and less likely to be affected by parenting practices than
temperamentally difficult children who have problems controlling their emotions and are
less adaptable to their environment. If this hypothesis is true, we would expect that,
given similar circumstances of growing up in a less positive parenting environment,
children who are temperamentally easy would have fewer adverse outcomes compared
to children with more difficult temperament. Understanding the associations between
parenting practices (warmth and control) on children with different temperaments will
help to determine whether parenting interventions should be targeted to children with
specific temperaments or to all children.

In this current study, we are interested in effect-measure modification by temperament
because our interest is to intervene on parenting practices (warmth and control) rather
than child temperament. We focus on parenting practices because of the preponderance
of interventions currently being used that are designed to improve parenting.14,292
Interventions on temperament of infants and young children are typically through
improving parent-child social relationships, and reinforcement activities delivered by
parents or teachers.293 Although parenting and temperament are measured at different
time points (temperament at 6 months, parenting at 24 to 47 months), this study is
interested in ‘effect-measure modification’ (whether the association of warmth, control,
and IQ differs in children with different temperament), but not ‘mediation’ (examining
the direct effect of temperament on IQ, and the indirect effect of temperament on IQ
that goes through parenting). Therefore, the hypothesis put forward in this paper is an
issue of effect-measure modification. In practice, the distinctions between effect-measure
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modification and interaction are often ignored. Traditionally, effect-measure modification
and interaction are tested in regression analyses by including a product term. However,
using regression models, it is not clear whether the coefficient of the interaction term
should be interpreted as effect-measure modification or interaction, or both, or
neither.135 Interaction is widely used when interpreting findings that should be
interpreted as effect-measure modification.135 The distinctions between effect-measure
modification and interaction are important especially when considering potential
intervention and policy recommendations.135,233 For public health intervention purposes,
only one intervention is considered in effect-measure modification, i.e. the main
exposure, while in interaction, potential intervention on both exposures is considered.
Conceptually, effect-measure modification occurs when the effect of the main exposure
(parenting) on an outcome (IQ) differs across strata of a second exposure
(temperament).135 Effect-measure modification on the risk-difference scale can be
written as:
𝐸𝐸�𝑌𝑌𝑃𝑃1 �𝑇𝑇 = 𝑡𝑡1 , 𝐶𝐶 = 𝑐𝑐� − 𝐸𝐸�𝑌𝑌𝑃𝑃0 �𝑇𝑇 = 𝑡𝑡1 , 𝐶𝐶 = 𝑐𝑐� ≠ 𝐸𝐸�𝑌𝑌𝑃𝑃1 �𝑇𝑇 = 𝑡𝑡0 , 𝐶𝐶 = 𝑐𝑐� − 𝐸𝐸�𝑌𝑌𝑃𝑃0 �𝑇𝑇 = 𝑡𝑡0 , 𝐶𝐶 = 𝑐𝑐�

(1)

where Y denotes the outcome under study, T denotes the effect modifier, P denotes the
exposure of interest, and C denotes a set of confounders. Equation 1 is read as the
expectation of the difference in outcome (Y) between low warmth parenting (P1) and high
warmth parenting (P0) in stratum T1 of effect modifier (conditioned on C) is not equal to
the expectation of the difference in outcome (Y) between low warmth parenting (P1) and
high warmth parenting (P0) in stratum T0 (conditioned on C). In effect-measure
modification (Equation 1), the relationship between P and T are asymmetric, i.e. only the
effect of P on Y is of interest, T only concerns whether the effect of P on Y differ across
different value of T. Interaction is different from effect-measure modification in that it
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concerns whether the joint effect of the two exposures differs from the combined
independent effects. Interaction on the risk-difference scale can be written as:
𝐸𝐸�𝑌𝑌𝑃𝑃1𝑇𝑇1 �𝐶𝐶 = 𝑐𝑐� − 𝐸𝐸�𝑌𝑌𝑃𝑃0𝑇𝑇1 �𝐶𝐶 = 𝑐𝑐� ≠ 𝐸𝐸�𝑌𝑌𝑃𝑃1𝑇𝑇0 �𝐶𝐶 = 𝑐𝑐� − 𝐸𝐸�𝑌𝑌𝑃𝑃0𝑇𝑇0 �𝐶𝐶 = 𝑐𝑐�

(2)

In interaction (Equation 2), the role of P and T are symmetric, i.e. both P and T have
causal effects on Y. Given that our interest is to intervene on P (parenting) but not on T
(temperament), it is essential to understand the effect of P on Y rather than the joint
effect of P and T on Y, therefore effect-measure modification is of interest in this current
study rather than interaction.

The presence or absence and the magnitude of effect-measure modification depend on
which scale the association is measured - risk-difference or risk-ratio scale. The riskdifference scale estimates the extent to which the effect of the two exposures, i.e.
parenting and temperament operating together exceeds the effect of each added
together.135 The risk-difference scale helps us to identify target groups as it allows us to
see the absolute gain in outcome if an intervention is targeted at certain subgroup, which
can help making public policy decisions when resources are finite (for example, see
Appendix E). On the other hand, the risk-ratio scale estimates the extent to which the
effect of both exposures operating together exceeds the product of the effects of the two
exposures. It is unclear how to interpret effect-measure modification on the risk-ratio
scale, as it does not allow us to determine which subgroup to treat, but it is thought to be
useful for investigation of possible biological pathways.294 While there is consensus that
the risk-difference scale is considered more important for public policy action and
interventions, the risk-difference scale is often not reported in many studies.136 Even
though effect-measure modification is widely studied in epidemiological research, most
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studies have not provided enough information about the size and statistical significance
of the effect-measure modification on both the risk-difference and risk-ratio scale.135,136

This study examined the effect-measure modification of the association between parental
practices (warmth and control) and IQ by child temperament. We reported the effectmeasure modification on both the risk-difference and risk-ratio scale for transparency and
completeness,137,138 however, results on the risk-difference scale are more pertinent to
this research question because of the implications for public health intervention.

6.2.4 Methods
Study design
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a population-based
prospective study investigating the influence of genetic and environmental characteristics
on health and development in parents and children. A total of 14541 pregnant women
who resided in the Southwest of England with expected delivery date between 1st April
1991 and 31st December 1992 were recruited, and this includes 72% of the eligible
mothers.198 The ALSPAC sample is broadly representative of the population living in Avon
and the whole of Britain at the time although ethnic minorities and unmarried couples
were slightly underrepresented.198 Follow up assessments have been administered
frequently through questionnaires and clinical assessments. The length of follow-up and
the breadth of data collection provide valuable data that can be used as confounders. The
ALSPAC sample consists of 13988 infants who were alive at 1 year (Figure 6.1). The study
website contains details of all the data that is available through a fully searchable data
dictionary (http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/).
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Figure 6.1 Eligible cohort and numbers included

Ethics statement
Ethical approvals were obtained from the Human Research Ethics Committee, University
of Adelaide, ALSPAC Law and Ethics committee and the four Local Research Ethics
committees: Southmead, Frenchay, Bristol and Weston health authorities. Written
consent was obtained from the original participants and from the parents, next of kin,
caretakers, or guardians on behalf of the children enrolled in ALSPAC.

Measures
IQ (the outcome)
IQ was assessed using the Wechsler Intelligence Scale for Children (WISC-III UK) when the
children were 8 years of age.199 Children’s scores on five verbal and five performance
subtests were summarized into domains of verbal IQ and performance IQ, which were
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then combined to yield the full-scale IQ. All tests were administered by the ALSPAC
psychology team. To reduce the length of the session, alternate items were used for all
subtests, except the coding subtest which was administered in full. Individual items within
each subtest were summed and multiplied by 2 for picture completion, information,
arithmetic, vocabulary, comprehension, and picture arrangement; multiplied by 5/3 for
similarities; and multiplied by 3/2 for object assembly and block design. This made the
raw scores comparable to those that would have been achieved had the full test been
administered. Raw scores were converted to age-scaled scores according to standard
procedures.199 The IQ scores were standardized on a normal British population in the
early 1990s to have a mean of 100 and standard deviation of 15.

IQ was used as a continuous variable in regressions but we used dichotomized outcome
when analysing effect-measure modification for ease of interpretation of results.138 IQ
was dichotomized at <85 (‘low IQ’) and ≥85 (‘normal to high IQ’). Although other IQ cutpoints were tested and results found to be similar (Appendix H), the cut-point at IQ 85
reflected a balance between having an IQ score at one SD below the mean and an
adequate sample in each cell for effect-measure modification analysis. Furthermore, this
group of children have lower human capital and greater likelihood of needing supportive
resources.21 Of the participants for whom full-scale IQ score was available, 12.0% (n=847)
were classified as having a low IQ score.

Parenting warmth and control (the exposures of interest)
Parenting warmth and control were reported by mothers using items selected from
ALSPAC questionnaires. There were eight items for warmth and nine items for control
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across 24 to 47 months (see Table 6.1). The parenting measures correspond to warmth
and control which are identified as important aspects of parenting.295 In order to
encourage continued participation of ALSPAC members, parenting questions were
phrased in a way that minimized offence. Mothers answered the questions with 3- to 5point Likert scales that ranged from ‘never’ to ‘frequently’.
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Table 6.1 Parenting measures in the ALSPAC questionnaires

Parenting questions

Age

Parental warmth
Mother smacks child during tantrums

42 months

Mother shouts at child when naughty

24, 42 months

Child is slapped

24 months

Child is kissed or cuddled

24, 38, 42 months

Child is praised

24 months

Parental control
Mother reasons with child during tantrums
Child has some choice at meals

30, 42 months
30, 42 months

Child has some choice with clothes

30, 42 months

Parent and child have battle of wills

30, 42, 47 months

Responses
Never, rarely, once a
month, once a week, daily
Every day, several times a
week, once a week, rarely,
never
Every day, several times a
week, once a week, rarely,
never
Nearly every day, 3-5
times per week, 1-2 times
per week, < once per week,
never
Every day, several times a
week, once a week, rarely,
never
Often, sometimes, never
Free choice, select choice,
no choice
Free choice, select choice,
no choice
Never, rarely, sometimes,
frequently

We used latent class analysis (LCA) in SAS statistical software version 9.2 (SAS Institute,
Inc, Cary, North Carolina) to investigate the patterns of parenting in our study population.
LCA identifies groups of parents with distinct characteristics based on their responses to
the parenting items. LCA is a model-based cluster analysis that provides a set of classassignment probabilities for each respondent.226,231,232 The latent classes were created
based on two parameters: the latent class membership probabilities and the conditional
item-response probabilities.231 The latent class membership probabilities estimate the
proportion of the population that fall into a given class. The conditional item-response
probabilities are probabilities of responding to each question, given the class
membership. The item-response probabilities are conceptually similar to factor loadings
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in factor analysis. However, they are probabilities rather than coefficients.227 Individual
posterior probabilities of membership in each latent class were obtained by applying
Bayes’ theorem.231 Models with two-, three-, and four-class solutions were tested and the
best model was chosen based on the log-likelihood, Bayesian Information Criterion, and
the face validity of the classes.226 A two-class solution was chosen for both warmth and
control. Each respondent was assigned a class based on their highest probability of
membership. The classes were given descriptive labels based on consensus of the authors
after reviews of each class’s characteristics.

Temperament (the potential effect-modifier)
Temperament was assessed when the infants were 6 months old using an adaptation of
the RITQ.202 RITQ is a valid and reliable measure of temperament.6,42 The internal
consistency of the adapted RITQ is consistent with the internal consistencies of the
original questions included in the RITQ.244 Scores for each subscale were derived
according to the procedure introduced in the test manual.202

Infant temperament was classified into two groups based on the scores on five
temperament subscales (rhythmicity, approach, adaptability, intensity and mood).41
Infants were defined as difficult if they scored greater than the mean on at least four of
the five subscales and greater than one standard deviation above the mean on at least
two subscales. Infants who did not satisfy the difficult definition were classified into a
single group called ‘easy or other’. The classification of infant temperament utilized
ALSPAC-specific norms, rather than norms from the test manual, which we have
previously demonstrated may reduce misclassification of temperament.244 There were
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1655 (15%) of the infants with temperament data available who were classified as
difficult.

Confounding
Confounders were determined a priori213 based on factors that might confound the
association between parenting and IQ. Confounders included parent level factors such as
indicators of socio-economic position, parents’ physical and mental health and child level
factors such as intrauterine growth (see Table 6.2 for full list).

Measures of socio-economic position were obtained from mothers’ self-reported
questionnaires from pregnancy until 8 weeks postpartum. Mother’s and partner’s
education were categorised into 4 levels consistent with the UK education system: none
or certificate of secondary education (CSE) or vocational; O level; A level; degree. Parents’
social class was based on the highest occupation of either parent, and categorised using
standard UK classifications of occupation, ranging from class I (highest), II, III-non-manual,
III-manual, IV, and V (lowest). Mothers’ financial difficulties in affording food, clothing,
heating, rent or mortgage was assessed at 32 weeks gestation with possible responses
ranging from 1 (very difficult) to 4 (not difficult). The sum of the scores of each of the 5
items was subtracted from 20 to derive a total financial difficulties score. A total score of
0 represented no financial difficulties and 15 represented maximum financial difficulties.
Mothers with a score of 9 and above were defined as experiencing financial difficulties
and this included approximately 10% of the cohort.296 Household crowding was
categorised according to whether there were ≤ 1 or > 1 person per room. Home
ownership was categorised into owned or mortgaged and rented or other. Mother’s
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social support was measured using a set of 10 items specifically designed for the cohort.
These items represented statements in relation to financial, emotional and instrumental
support the mothers received from their partners, friends, families and official agencies.
Scores were summed from 0 (lowest) to 30 (highest). The social support score was
separated into three groups of equal size (‘low’, ‘medium’, and ‘high’). Mother’s marital
status was classified as ‘married or cohabiting’ and ‘not married or not living with
partner’.

At 8 months postpartum, mothers self-rated their own health as always well, mostly well,
often feel unwell, or hardly ever well. Mothers’ and partners’ depression was assessed
using the ten items from the Edinburgh Postnatal Depression Scale (EPDS) at 18 weeks
antenatal and 8 weeks postpartum. The EPDS is validated for use among parent groups
during the postnatal and pregnancy period.297,298 Mothers and partners with a score of
≥12 in either measurement time were considered as displaying depressive symptoms.297

Mothers were asked whether or not they smoked during the first three months of
pregnancy. Mothers’ alcohol consumption during the first three months of pregnancy was
classified as never, < 1 glass per week, and ≥ 1 glasses per week or ≥ 1 glasses per day.
Child’s gestational age and birth weight were collected by ALSPAC staff from obstetric
data.

Analysis
Correlations between parenting, temperament, IQ and all confounders are included in
Appendix F. A series of analyses were undertaken to examine the effect of the parenting
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dimensions (warmth, control) on children’s full-scale IQ (continuous score) using linear
regression modelling. In the first step, univariable associations between parenting
warmth on IQ and parenting control on IQ were examined separately (Model 1). We then
adjusted for temperament (Model 2). In Model 3, parenting warmth model was adjusted
for parenting control and all other confounding variables described above, parenting
control model was adjusted for parenting warmth and all other confounding variables.

We estimated effect-measure modification on both risk-difference and risk-ratio scales as
outlined by Knol and VanderWeele.138 Using dichotomized IQ, Poisson regressions were
used to estimate risk ratio (RR) estimates for each stratum of parenting (P) and
temperament (T): i) high warmth parenting and easy temperament (RR P0 T0 )(reference

category); ii) high warmth parenting and difficult temperament (RR P0 T1 ); iii) low warmth
parenting and easy temperament (RR P1 T0 ); and iv) low warmth parenting and difficult

temperament (RR P1 T1 ). Next, the RR for parenting within strata of temperament was
estimated. Poisson models with robust errors were used to estimate RR due to
convergence problems with log-binomial models.

A relative excess risk due to interaction (RERI) was calculated to give the measure of
effect-measure modification on the risk-difference scale, and 95% CIs were obtained by
the delta method.299
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇1 − 𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇1 − 𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇0 + 𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇0

(3)

RERI > 0 indicates the effect-measure modification is positive (the effect of the exposure
and the effect modifier operating together is greater than the effect of each added
together), RERI < 0 indicates the effect-measure modification is negative, RERI of 0
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indicates there is no effect-measure modification on the risk-difference scale. Effectmeasure modification on the risk-ratio scale is taken as:
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅𝑅𝑅 =

𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇1 𝑋𝑋 𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇0
𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇1 𝑋𝑋 𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇0

(4)

If the ratio of RRs >1, the effect-measure modification is positive (the effect of the
exposure and the effect modifier operating together is greater than the product of the
effect of the exposure and the effect modifier). A ratio of RRs < 1 indicates the effectmeasure modification is negative. A ratio of RRs = 1 means the effect of both exposures
together is equal to the product of the effect of the two exposures considered separately.

Analyses were performed using STATA version 13.0 (Stata Corp, College Station, Texas).

Multiple imputation for missing data
We used multiple imputation by chained equation to impute missing data. Imputed
datasets were generated under the missing at random assumption that the probability of
data being missing is dependent on the observed data.235 Variables included in the
imputation model were parenting warmth, control, temperament, all confounders,
breastfeeding, HOME inventory, all three measures of IQ (full-scale IQ, verbal IQ, and
performance IQ) and interaction terms between parenting and temperament.
Breastfeeding and HOME inventory variables were two auxiliary variables that were
added to the imputation model because they are related to the outcome (IQ) and may
enhance the prediction of missing values. Fifty cycles of regression switching were
undertaken and 20 imputed datasets were generated. We used the multiple imputation
then deletion technique242 where analyses were conducted on respondents only with
non-imputed outcome data. All analyses were performed on imputed data (n=7044).
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6.2.5 Results
Table 6.2 shows the socio-demographic characteristics of ALSPAC response sample,
respondents who had complete data on IQ, parenting, temperament, and all covariables
(complete case, n=3665), and the imputed sample (n=7044). Participants with complete
data had a higher proportion of mothers with higher warmth and lower control parenting,
higher education, and higher social class, and lower proportions of mothers with financial
difficulties, who smoked during pregnancy and were unmarried or not living with partner.
Lower proportions of children in the complete case sample were non-white, and had low
IQ.
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Table 6.2 IQ, parenting, temperament, and demographic characteristics of
response, complete case and imputed sample
Response sample

n
Total IQ, 8 years
Low IQ (<85)
Normal to high IQ (≥85)
Parenting, 24-47 months
Parental warmth
High warmth
Low warmth
Parental control
Less controlling
High controlling
Temperament, 6 months
Easy or other
Difficult
Child covariables
Sex, female
Birth weight (grams)
Gestational age (weeks)
Ethnicity, non-white
Parent covariates
Maternal age (years)
Maternal smoking in first 3
months pregnancy
Maternal alcohol consumption in
first 3 months pregnancy
Never
Less than 1 glass per week
One or more glass per week
One or more glass per day
No partner / not living with
partner
Home ownership, rented/other
Household crowding, >1
person/room
Maternal highest education
None / CSE / vocational
O level
A level
Degree or higher
Partner’s highest education
None / CSE / vocational
O level
A level
Degree or higher
Parental highest social class
Professional / managerial
(I/II)
Skilled manual / non-manual
(III)

7044
847
6197

Mean (SD)
or %
104.2 (16.5)
12.0
88.0

Complete
data sample
(n=3665)
Mean (SD)
or %
106.3 (16.4)
9.7
90.3

Imputed
sample
(n=7044)
Mean (SD)
or %
104.2 (16.5)
12.0
88.0

5205
6184

45.7
54.3

48.6
51.4

46.9
53.1

6522
4724

58.0
42.0

59.1
40.9

59.4
40.6

4169
1655

85.1
14.9

86.1
13.9

84.6
15.4

13976
13798
13976
12083

48.3
3392.0 (559.3)
39.4 (1.9)
5.0

49.3
3446.2 (516.7)
39.5 (1.6)
2.1

50.0
3414.6 (554.2)
39.4 (1.9)
4.1

13978
13158

28.0 (5.0)
25.0

29.2 (4.3)
14.4

28.0 (5.0)
18.3

5917
5034
1804
250
13179

45.5
38.7
13.9
1.9
8.7

44.3
41.3
13.1
1.3
1.9

44.1
40.7
13.3
1.8
5.6

13027
12084

26.6
6.9

11.7
2.6

16.9
4.1

3728
4296
2794
1600

26.7
30.7
20.0
11.5

16.8
35.1
28.6
19.6

22.2
34.9
26.7
16.2

4124
2540
3105
2171

34.5
21.3
26.0
18.2

21.2
22.1
30.1
26.6

28.9
21.8
27.8
21.5

6342

55.1

66.3

60.0

4481

38.9

30.9

35.5
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Response sample

n
Unskilled / semiskilled
manual (IV/V)
Financial difficulties
Social support
Low
Medium
High
Maternal depression
Partner’s depression
Maternal health, often unwell /
hardly ever well

682

Mean (SD)
or %
5.9

Complete
data sample
(n=3665)
Mean (SD)
or %
2.8

Imputed
sample
(n=7044)
Mean (SD)
or %
4.5

12086

10.0

5.7

8.1

4142
3736
2999
10929
7605
11317

38.1
34.4
27.6
21.9
7.9
5.5

32.3
36.8
30.9
14.8
5.5
4.9

36.1
35.6
28.3
17.9
7.7
5.1

CSE Certificate of Secondary Education, IQ Intelligence Quotient

Table 6.3 shows the associations between parenting and IQ at 8 years (n=7044) using
linear regressions. Models 1 and 2 provide some evidence that low parental warmth and
high parental control were associated with lower IQ at 8 years. In the fully-adjusted
model (Model 3), children experiencing low warmth parenting had 0.52 (95% CI -1.26,
0.21) point lower IQ than children experiencing high warmth parenting. Children whose
parents demonstrated high control had 2.21 (95% CI: -2.95,-1.48) point lower IQ than
children whose parents demonstrated low control. The association between difficult
temperament and IQ was negligible (β = -0.12, 95% CI -1.13, 0.90)
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Table 6.3 Association between parenting warmth and control, and child temperament on children’s IQ (Imputed sample, n=7044)

Warmth
High
Low
Temperament
Easy or Other
Difficult
Control
Less controlling
High controlling
Temperament
Easy or Other
Difficult

Β

Model 1
95% CI

Ref
-3.21

-3.99, -2.42

Ref
-3.33

-4.13, -2.53

p

<0.001

<0.001

β

Model 2
95% CI

p

Model 3
95% CI

p

Ref
-3.04

-3.84, -2.24

<0.001

Ref
-0.52

-1.26, 0.21

0.166

Ref
-0.14

-1.27,1.00

0.976

Ref
-0.12

-1.13, 0.90

0.824

Ref
-3.29

-4.11, -2.47

<0.001

Ref
-2.21

-2.95, -1.48

<0.001

Ref
-0.25

-1.49, 0.97

0.683

Ref
-0.12

-1.13, 0.90

0.824

β

Model 1 is unadjusted. Model 2 is adjusted for temperament. In Model 3, parenting warmth is adjusted for temperament and all the covariables (maternal smoking, alcohol
consumption, birth weight, gestation at birth, sex, ethnicity, maternal age, partner status, financial difficulties, maternal and partner’s education, parental social class, home
ownership, household crowding, maternal health, social support, maternal and partner’s depression), parenting control is adjusted for parenting warmth and all the
covariables.
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Table 6.4 shows effect-measure modification of the association between parenting
warmth and IQ by temperament. Among temperamentally easy children, low warmth
parenting was associated with 12% higher risk of low IQ (95% CI 0.95, 1.32), whereas in
the stratum of temperamentally difficult children, low warmth parenting did not increase
the risk of low IQ (RR 0.97 95% CI 0.65, 1.45). Compared with the reference category of
children who had high warmth parenting and easy or other temperament, children with
low warmth parenting or difficult temperament, or both, had about 12 to 17% increased
risk of having low IQ. The RERI of -0.19 (95% CI -0.65, 0.27) indicated small negative
effect-measure modification by temperament on the risk-difference scale, i.e. the
combined risks of both low warmth parenting and difficult temperament (RR 1.12) was
lower than expected (RR 1.31) when based on summing the individual risks of low
warmth parenting (RR 1.14) and difficult temperament (RR 1.17). Similarly, for effectmeasure modification on the risk-ratio scale, the ratio of RRs was 0.84 (95% CI 0.56, 1.25)
indicating that the combined risks of both low warmth parenting and difficult
temperament (RR 1.12) was lower than expected (RR 1.33) when based on multiplying
the individual risks of low warmth parenting and difficult temperament.
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Table 6.4 Effect-measure modification of the effect of parenting warmth on IQ (<85) by child temperament (Imputed sample, n=7044)
High warmth parenting

Easy or other
temperament
Difficult temperament

N Low IQ/High
IQ
283/2565

RR (95% CI)

47/391

1.17 (0.85, 1.61),
p=0.327

1.00 (Ref)

Low warmth parenting
N Low IQ/High
IQ
433/2749
84/492

RR (95% CI) for low warmth parenting
within strata of temperament type

RR (95% CI)
1.14 (0.97, 1.34),
p=0.106
1.12 (0.86, 1.45),
p=0.393

1.12 (0.95, 1.32), p=0.182
0.97 (0.65, 1.45), p=0.872

Effect-measure modification on the risk-difference scale: RERI= -0.19 (-0.65, 0.27), p=0.413
[RERI=1.12-1.14-1.17+1.00 = -0.19 when estimated from the table]
Effect-measure modification on the risk-ratio scale: Ratio of RRs= 0.84 (0.56, 1.25), p=0.385
[Ratio of RRs=1.12/(1.14 x 1.17) = 0.84 when estimated from the table]
RRs are adjusted for parenting control, maternal smoking, alcohol consumption, birth weight, gestation at birth, sex, ethnicity, maternal age, partner status, financial
difficulties, maternal and partner’s education, parental social class, home ownership, household crowding, maternal health, social support, maternal and partner’s depression
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Table 6.5 shows the effect-measure modification of the association between parental
control and IQ by child temperament. The increased risk of low IQ associated with high
control parenting was 30% in easy or other temperament. There was no increased risk of
having low IQ in difficult temperament children (RR 1.02 95% CI 0.69, 1.53) but the
confidence intervals were wide in the stratum of temperamentally difficult children due
to smaller numbers. Compared with children who had easy or other temperament and
less controlling parenting, children with easy or other temperament and high control
parenting had a 31% increased risk of having low IQ, children with difficult temperament
and less controlling parenting and children with both difficult temperament and high
control parenting had a 18% increased risk of having low IQ.

For parental control, the RERI of -0.30 (95% CI -0.78, 0.18) suggested a small negative
effect modification, although confidence intervals were wide. The measure of effectmeasure modification on the risk-ratio scale was 0.77 (95% CI 0.52, 1.15) also indicated a
small negative effect-measure modification.
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Table 6.5 Effect-measure modification of the effect of parenting control on IQ (< 85) by child temperament (Imputed sample, n=7044)
Less controlling parenting

Easy or other
temperament
Difficult
temperament

N Low
IQ/High IQ
349/3195

RR (95% CI)

77/551

1.18 (0.90, 1.53),
p=0.228

1.00 (Ref)

High controlling parenting
N Low
IQ/High IQ
367/2119
54/332

RR (95% CI) for high control parenting
within strata of temperament type

RR (95% CI)
1.31 (1.12, 1.53),
p=0.001
1.18 (0.89, 1.59),
p=0.261

1.30 (1.11, 1.53), p=0.001
1.02 (0.69, 1.53), p=0.907

Effect-measure modification on the risk-difference scale: RERI=-0.30 (-0.78, 0.18), p=0.226
[Due to rounding, RERI=1.18-1.31-1.18+1.00 = -0.31 when estimated from the table]
Effect-measure modification on the risk-ratio scale: Ratio of RRs= 0.77 (0.52, 1.15), p=0.204
[Due to rounding, ratio of RRs=1.18/(1.31 x 1.18) = 0.76 when estimated from the table]
RRs are adjusted for parenting warmth, maternal smoking, alcohol consumption, birth weight, gestation at birth, sex, ethnicity, maternal age, partner status, financial
difficulties, maternal and partner’s education, parental social class, home ownership, household crowding, maternal health, social support, maternal and partner’s depression
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Graphical illustrations of the effects of parenting warmth and control across stratum of
temperament are included in Appendix G. Other IQ cut points (80 and 90) were also
tested and the results were similar (Appendix H).

6.2.6 Discussion
This study found some evidence that parental warmth and control are associated with
children’s cognitive development. Children whose parent’s demonstrated low warmth at
age 24 to 47 months had a 0.52-point lower IQ at age 8 than children whose parents
demonstrated high warmth. The study also found that high controlling parenting was
associated with 2.21-point lower IQ than less controlling parenting. Effect sizes of
parenting practices were small (warmth: 0.03 standard deviation; control: 0.15 standard
deviation) but may have an important impact at a population level.21 It has been
suggested that parental warmth influences children’s IQ by providing more support in
problem solving, more engagement in positive parent-child interaction, and increased
likelihood to encourage exploration and task persistence.300 Meanwhile, high controlling
parenting may have restricted the child’s ability to make autonomous choices, and
impeded the child’s free expression of feeling and thinking, which in turn hinders their
cognitive development.

The results of the effect-measure modification analyses provide some evidence to suggest
that the associations between parenting practices (warmth and control) on childhood IQ
differ according to temperament, although results need to be interpreted cautiously
because the confidence intervals were wide in the strata of difficult temperament due to
smaller numbers of children. We hypothesized that the associations between low
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parental warmth or high control and IQ would be more prominent among children with a
difficult temperament, but there was almost no evidence of an exacerbated risk of lower
IQ in this stratum. Instead, low warmth and high control parenting was associated with
higher risks of low IQ among children with easy and other temperaments. This was
surprising as previous research has suggested that children with easy temperament might
be more adaptable or less susceptible to parenting practices.168,301 Compared with
children who have easy temperaments, there was a small 12-18% increased risk of lower
IQ among children with a difficult temperament and therefore it is important that
children with difficult temperaments are supported to realize their full cognitive
potential. This might require different types of parenting support and this may be the
subject of further research.

For both parenting warmth and control, results on effect-measure modification showed
that there was no evidence that parenting interventions should be targeted to children
with difficult temperament. Although we found that children with easy or other
temperament may be more susceptible to low warmth or high control parenting than
children with difficult temperament, children with easy temperament comprise a much
larger proportion of the population (85%). As such, rather than targeting children with
specific temperament, it may be more appropriate to provide parenting interventions as a
universal program. While there is some evidence of effect-measure modification by
temperament on the risk-ratio scale, it is difficult to determine the applicability of effectmeasure modification on the risk-ratio scale for this research question.
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This study has several advantages over previously published research on the association
between parenting, temperament and IQ. First, we were able to make better causal
inferences by adjusting for a wider range of potential confounders than have been used in
many previous studies.134,302 especially when studying the effect-measure modification.
However, it is possible that the results of this longitudinal cohort study remain open to
residual and unmeasured confounding, as with all cohort studies. Second, the differential
effect of parenting on IQ by child temperament was examined based on a strict definition
of effect-measure modification. Other studies302,303 have not differentiated effectmeasure modification from interaction, and results are often not interpreted correctly.
Third, assessing effect-measure modification on both the risk-difference and risk-ratio
scale is transparent and provides information for readers to draw conclusions about
effect-measure modification and the implications of the results. To our knowledge, this is
the first study that has investigated the effect-measure modification by temperament on
the association between parenting and IQ on both risk-difference and risk-ratio scales.
Fourth, data were from a population-based prospective longitudinal study with a large
sample, and we used multiple imputation to address potential bias due to missing data.
However, several study limitations should also be noted. While the sample was
representative of the population in the United Kingdom, the study sample was not very
culturally diverse and since parenting styles may vary across cultures, we cannot
generalize the results of this study to other ethnic groups or cultures. Future studies with
more diverse cultural groups are required. In addition, although we have a large sample
size (n=7044), the wide confidence intervals from the effect-measure modification may
be influenced by the small number of children with difficult temperament which reduces
the power to detect effect-measure modification. It is also possible that children’s IQ
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might affect parenting, however we are unable to examine this due to the temporal order
in which data were collected.

In summary, this study showed small effect sizes of parenting warmth and control at age
24 to 47 months on children’s IQ at age 8. We found no increased risk of low IQ as a result
of parental warmth or control in temperamentally difficult children. As such, to improve
children’s IQ, it may be more appropriate to offer interventions to improve parental
warmth and decrease parental control as a universal program, rather than targeting to
parents who have children with difficult temperament.
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6.2.7 Online appendices
Appendix E Effect-measure modification

The presence or absence and the magnitude of effect-measure modification depend on
which scale the association is measured - risk-difference or risk-ratio scale.304 The effectmeasure modification on the risk-difference scale, the relative excess risk due to
interaction (RERI) is calculated as:138,233
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇1 − 𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇1 − 𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇0 + 𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇0

where P denotes parenting (0=high warmth; 1=low warmth) and T denotes temperament
(0=easy/other; 1=difficult). RERI = 0 means no effect-measure modification; RERI > 0
means positive effect-measure modification; RERI< 0 means negative effect-measure
modification.

The effect-measure modification on the risk-ratio scale, ratio of RRs is taken as:
𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇1 𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇0
𝑅𝑅𝑅𝑅𝑃𝑃0 𝑇𝑇1 𝑅𝑅𝑅𝑅𝑃𝑃1 𝑇𝑇0

Ratio of RRs = 1 means no effect-measure modification; ratio of RRs > 1 means positive
effect-measure modification; ratio of RRs < 1 means negative effect-measure
modification.

Examples 1 to 3 in the following were taken from Vanderweele233 to illustrate the scale
dependence of effect-measure modification and the public health significance of the riskdifference scale.
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1. An example of when effect-measure modification occurs on the risk-difference but
not risk-ratio scale
No alcohol

Alcohol

Non-smokers

0.02

0.05

Smokers

0.04

0.10

Risk-difference scale: 0.10-0.05-0.04+0.02 = 0.03
Risk-ratio scale: (0.10 x 0.02) / (0.05 x 0.04) = 1

2. An example of when effect-measure modification occurs on the risk-ratio but not
risk-difference scale
No alcohol

Alcohol

Non-smokers

0.02

0.05

Smokers

0.07

0.10

Risk-difference scale: 0.10-0.05-0.07+0.02 = 0
Risk-ratio scale: (0.10 x 0.02) / (0.05 x 0.07) = 0.57
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3. An example of effect-measure modification on the risk-difference scale for public
health interest
No drug

Drug

Risk-difference

Risk-ratio

Genotype A

20

10

20-10=10

20/10=2

Genotype B

3

1

3-1=2

3/1=3

The risk-difference allows us to see the absolute gain in outcome if an intervention
is targeted at certain subgroup. From the data above, the effect of drug on the riskdifference scale amongst individuals with genotype A is greater than the riskdifference amongst individuals with genotype B (10 vs 2). If we had 100 doses of
the drug, we can improve the outcome in 10 additional individuals if the drug is
given to people with genotype A. If the drug is given to all people with genotype B,
we can improve outcome in 2 additional individuals. We would want to give the
drugs to people with genotype A. The risk-ratio scale, however, may indicate the
wrong subgroup to be targeted for intervention. As we can see from the data
above, the risk-ratio is larger for subgroup with genotype B than for subgroup with
genotype A (2 vs 3).
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4. An example of effect-measure modification on the risk-ratio scale for investigation
of disease aetiology
No asbestos

Asbestos

Non-smokers

1

3

Smokers

10

80

From the data above, there is evidence of effect-measure modification on the risk
ratio scale [80 / (10 x 3) = 2.67]. This suggests that there may be a multiplicative
relation between smoking and asbestos exposure in relation to lung cancer risk.305
One possible explanation may be that that smoking damages the cilia in the
airways and thereby opens up for exposure from contaminated particles.
However, it has been pointed out there is potential danger to use statistical
interaction to draw conclusion about biological interaction.137,306
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Appendix F Pearson’s correlation coefficientsa
Warmth

Warmth
Control
temperament
IQ
Birth weight
Gestational age
sex
Ethnicity
Maternal age
Maternal smoking
Maternal alcohol
consumption
Partner status
Home ownership
Household
crowding
Maternal
education
Partner’s
education
Parental social
class
Financial
difficulties
Social support
Maternal
depression
Partner’s
depression
Maternal health
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Control

Temperament

IQ

Birth
weight

Gestational
age

Sex

Ethnicity

Maternal
age

Maternal
smoking

Maternal
alcohol
consumption

1.00
0.08
0.03
-0.09
-0.03
-0.02
-0.08
0.00
-0.18
0.07
0.03

1.00
-0.03
-0.10
0.01
-0.04
-0.19
-0.01
0.02
-0.01
-0.00

1.00
-0.02
-0.04
-0.02
0.04
0.06
-0.02
0.01
0.01

1.00
0.11
0.04
-0.00
-0.04
0.21
-0.14
0.01

1.00
0.57
-0.09
-0.08
0.08
-0.14
-0.00

1.00
0.05
-0.04
-0.01
-0.01
0.01

1.00
-0.00
-0.02
-0.02
-0.01

1.00
-0.05
0.03
-0.03

1.00
-0.22
0.11

1.00
0.12

1.00

0.03
0.05
0.01

-0.01
0.00
0.02

0.04
0.05
0.04

-0.12
-0.21
-0.14

-0.06
-0.08
-0.02

-0.00
-0.02
0.01

-0.00
-0.00
-0.01

0.17
0.13
0.08

-0.24
-0.34
-0.15

0.20
0.30
0.15

0.07
-0.00
0.00

-0.14

-0.09

0.01

0.38

0.06

0.02

0.01

-0.01

0.31

-0.24

0.04

-0.11

-0.05

-0.02

0.37

0.07

0.02

-0.01

-0.04

0.32

-0.24

0.03

0.09

0.05

0.02

-0.27

0.05

-0.00

0.00

0.03

-0.29

0.20

-0.03

0.06

-0.01

0.08

-0.13

-0.04

0.00

-0.00

0.07

-0.08

0.15

0.01

-0.05
0.08

-0.02
-0.01

-0.12
0.11

0.11
-0.12

0.01
-0.07

0.02
-0.05

0.01
-0.00

-0.08
0.08

0.06
-0.14

-0.08
0.18

-0.07
0.02

0.05

-0.01

0.06

-0.09

-0.04

-0.04

-0.00

0.10

-0.10

0.13

0.04

0.03

-0.01

0.06

0.00

-0.02

-0.02

-0.00

0.01

0.01

0.05

0.02

Partner
status

Home
ownership

Household
crowding

Maternal
education

Partner’s
education

Parental
social
class

Financial
difficulties

Social
support

Maternal
depression

Partner’s
depression

1.00
Partner status
0.29
1.00
Home ownership
0.12
0.30
1.00
Household
crowding
-0.15
-0.26
-0.16
1.00
Maternal education
-0.19
-0.29
-0.16
0.56
1.00
Partner’s education
0.19
0.31
0.18
-0.45
-0.44
1.00
Parental social class
0.12
0.16
0.10
-0.12
-0.16
0.14
1.00
Financial
difficulties
-0.12
-0.15
-0.09
0.08
0.12
-0.09
-0.14
1.00
Social support
0.15
0.19
0.14
-0.11
-0.11
0.11
0.21
-0.29
1.00
Maternal
depression
0.19
0.18
0.12
-0.09
-0.12
0.10
0.13
-0.17
0.22
1.00
Partner’s
depression
0.02
0.01
0.03
0.00
-0.00
-0.01
0.08
-0.09
0.18
0.07
Maternal health
a
Correlation coefficients need to be interpreted carefully because all variables are categorical, except IQ, birth weight, gestational age, and maternal age.

Maternal
health

1.00
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Appendix G Graphical presentation of results on effect-measure modification

Risk ratio (RR) for having low IQ

1.2

1.15

1.1

1.14

1.17

1.12

1.05

Easy or other temperament
Difficult temperament

1

1

0.95

0.9

RERI = 1.12-1.14-1.17+1.00 = -0.19
Ratio of RRs = 1.12/(1.14 x 1.17) = 0.84

Low warmth

High warmth

Figure 6.2 Effect-measure modification of the effect of parenting warmth on IQ by
child temperament

We used the same information from Table 6.4 in the manuscript to present effectmeasure modification in a graph (Figure 6.2). Compared with children with high warmth
and easy temperament (reference category, RR=1.00), children with low warmth and easy
temperament had 14% increased risk of having low IQ; children with high warmth and
difficult temperament had 17% increased risk of having low IQ; and children with low
warmth and difficult temperament had 12% increased risk of having low IQ.
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Risk ratio (RR) for having low IQ

1.35
1.31

1.3
1.25
1.2
1.15

1.18

1.18

Easy or other temperament

1.1

Difficult temperament

1.05
1

1

RERI=-1.18-1.31-1.18+1.00 = -0.31
Ratio RRs=1.18/(1.31 x 1.18) = 0.76

0.95
0.9

Low control

High control

Figure 6.3 Effect-measure modification of the effect of parenting control on IQ by
child temperament

Estimates in Figure 6.3 were taken from Table 6.5 Effect-measure modification of the
effect of parenting control on IQ (< 85) by child temperament (Imputed sample, n=7044)
in our manuscript. Compared with children with low control and easy temperament
(reference category, RR=1.00), children with high control and easy temperament had 31%
increased risk of having low IQ; children with low control and difficult temperament had
18% increased risk of having low IQ; and children with high control and difficult
temperament had 18% increased risk of having low IQ.

The RERI was calculated as the difference in estimates between these four groups. The
ratio of RRs was calculated as the ratio of estimates between these four groups.
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Appendix H Supporting information tables for effect-measure modification using different IQ cut-offs

Effect-measure modification of the effect of parenting warmth on IQ by child temperament (Imputed sample, n=7044)
i)

IQ (<80)

Easy or other
temperament
Difficult temperament

High warmth parenting
N Low IQ/High
RR (95% CI)
IQ
151/2697
1.00 (Ref)
28/410

1.33 (0.89, 1.99),
p=0.158

Low warmth parenting
N Low IQ/High RR (95% CI)
IQ
259/2923
1.26 (1.02, 1.57),
p=0.032
57/519
1.43 (1.04, 1.97),
p=0.030

RR (95% CI) for low warmth parenting
within strata of temperament type
1.23 (0.98, 1.53), p=0.073
1.07 (0.65, 1.75), p=0.788

RERI= -0.17 (-0.83, 0.50), p=0.619
Ratio of RRs= 0.85 (0.52, 1.39), p=0.514

ii)

IQ (<90)

Easy or other
temperament
Difficult temperament

High warmth parenting
N Low IQ/High
RR (95% CI)
IQ
469/2379
1.00 (Ref)
71/367

1.09 (0.85, 1.40),
p=0.504

Low warmth parenting
N Low IQ/High RR (95% CI)
IQ
663/2519
1.07 (0.95, 1.22),
p=0.263
133/443
1.08 (0.88, 1.33),
p=0.465

RR (95% CI) for low warmth parenting
within strata of temperament type
1.05 (0.93, 1.19), p=0.473
1.00 (0.73, 1.39), p=0.973

RERI= -0.08 (-0.43, 0.27), p=0.642
Ratio of RRs= 0.92 (0.67, 1.28), p=0.628
RRs are adjusted for parental control, maternal smoking, alcohol consumption, birth weight, gestation at birth, sex, ethnicity, maternal age, partner status, financial difficulties,
maternal and partner’s education, parental social class, home ownership, household crowding, maternal health, social support, maternal and partner’s depression
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Effect-measure modification of the effect of parenting control on IQ by child temperament (Imputed sample, n = 7044)
i)

IQ (<80)

Easy or other
temperament
Difficult temperament

Less controlling parenting
N Low
RR (95% CI)
IQ/High IQ
194/3350
1.00 (Ref)
47/581

1.31 (0.94, 1.83),
p=0.112

High controlling parenting
N Low
RR (95% CI)
IQ/High IQ
216/2270
1.34 (1.09, 1.65),
p=0.005
38/348
1.48 (1.01, 2.08),
p=0.043

RR (95% CI) for high control parenting
within strata of temperament type
1.32 (1.06, 1.64), p=0.012
1.13 (0.69, 1.84), p=0.623

RERI=-0.19 (-0.87, 0.47), p=0.560
Ratio of RRs= 0.83 (0.51, 1.35), p=0.446

ii)

IQ (<90)

Easy or other
temperament
Difficult temperament

Less controlling parenting
N Low
RR (95% CI)
IQ/High IQ
580/2964
1.00 (Ref)
116/512

1.12 (0.91, 1.38),
p=0.300

High controlling parenting
N Low
RR (95% CI)
IQ/High IQ
552/1934
1.21 (1.08, 1.38),
p=0.002
88/298
1.14 (0.90, 1.48),
p=0.264

RR (95% CI) for high control parenting
within strata of temperament type
1.22 (1.08, 1.39), p=0.002
1.02 (0.74, 1.41), p=0.883

RERI= -0.19 (-0.55, 0.17), p=0.311
Ratio of RRs= 0.84 (0.61, 1.16), p=0.293
RRs are adjusted for parental warmth, maternal smoking, alcohol consumption, birth weight, gestation at birth, sex, ethnicity, maternal age, partner status, financial difficulties,
maternal and partner’s education, parental social class, home ownership, household crowding, maternal health, social support, maternal and partner’s depression
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Child temperament, parental
feeding practices and adiposity
7.1 Preface
Chapters 5 and 6 of this thesis examined the influence of temperament and parenting on
cognitive and academic outcomes in children. Chapter 7 expands the range of outcomes
under investigation by focusing on children’s adiposity as another important public health
outcome and an area of increasing research interest.

This chapter consists of three parts. In Part 1, the influences of temperament at age 0 to 5
years on adiposity at age 7 years were examined using ALSPAC and LSAC data. A child’s
temperament may influence his adiposity. For instance, children with negative emotion
may have higher BMI because mothers are more likely to use food a calm a distressed
child.307

Part 2 of this chapter is written in manuscript format and is currently under review for
publication at a journal. As reviewed in Section 2.5.2, the associations between general
parenting (warmth and control) and children’s adiposity have been examined in a
previous publication by Wake et al.184 using data from LSAC (n=3040), and no association
was found. Hence this thesis moves beyond general parenting to examine the influence of
food-specific parenting (e.g. feeding control) on children’s adiposity. The second part
examines the associations between parental feeding practices (control and use of food to
soothe) on adiposity outcomes in childhood and adolescence in ALSPAC data because no
feeding practices variables exist in LSAC.
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Part 3 examines whether the differential susceptibility theory was supported with
adiposity outcomes. The association between parental feeding control and adiposity may
be influenced by the child’s temperament, in that temperamentally difficult children are
more likely to have higher BMI when parents are highly controlling of food intake than
temperamentally easy children. This section used an analysis of effect-measure
modification to examine whether the effect of parental feeding control observed in Part 2
differs in children with easy and difficult temperaments.
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7.2 PART 1: Temperament and BMI
7.2.1 Introduction
The association between temperament and adiposity has been of interest to
temperament research in recent years.173,308 A 2014 systematic review of 18 papers (5
cross-sectional, 13 longitudinal studies) found some evidence of an impact of
temperament on Body Mass Index (BMI) and weight gain in infants and preschool-aged
children.173 However, effect sizes (Cohen’s d) of these studies varied markedly from very
small (d=0-0.1) to large (d>1.0), possibly due to variation in study design, sample size,
measures of temperament, age when outcomes were measured and analytical approach.
Part 1 of Chapter 7 examines the associations between temperament (0 to 5 years) and
BMI z-score at 7 years in two different cohorts (ALSPAC and LSAC). These two cohorts
used different temperament instruments and measured different temperament
dimensions at different ages, which may be useful for triangulation of evidence.

7.2.2 Methods
ALSPAC
In ALSPAC, temperament was reported by mothers when their children were aged 6, 24,
and 38 months. Temperament at age 6 months was measured using the adapted Revised
Infant Temperament Questionnaire (RITQ) and temperament at 24 months was measured
using the Toddler Temperament Scale (TTS). The RITQ and TTS consisted of 9 subscales
(activity, rhythmicity, approach, adaptability, intensity, mood, persistence, distractibility,
and threshold) which were used to categorise children into easy, intermediate low,
intermediate high, and difficult (Chapter 4). Temperament at 38 months was measured
using the EAS Temperament Scale, which consisted of four subscales – activity,
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emotionality, shyness, and sociability. An average score was created for each dimension
with higher scores indicating higher levels of activity, emotionality, shyness, and
sociability. BMI was calculated as weight/height2 (kg/cm2). BMI z-scores at age 7 years
were calculated based on the 1990 British Growth reference.309 Confounders of the
association between temperament and BMI included ethnicity, financial hardship, partner
status, maternal education, social class, household crowding index, home ownership,
maternal age, smoking and alcohol during pregnancy, birth weight, gestational age, and
maternal postnatal depression. These confounders were measured from 8 weeks
gestation to 8 weeks postnatal.

LSAC
In LSAC, temperament was reported by the primary caregiver (98.2% mothers) at ages 0
to 1, 2 to 3, and 4 to 5 years. Temperament at age 0 to 1 year was measured using the
Short Temperament Scale for Infants (STSI), with 3 subscales - irritability, approach, and
cooperation (four items in each subscale). Temperament at ages 2 to 3 years and 4 to 5
years were measured using the Short Temperament Scale for Toddlers (STST), and the
Short Temperament Scale for Children, respectively. Both STST and STSC consisted of 3
subscales: reactivity, approach, and persistence (four items in each subscale). BMI zscores at age 7 years in LSAC sample were created based on the CDC 2000 Growth
Charts.210 Confounders of the association between temperament and BMI z-score
included birth weight for gestational age, the Index of Relative Socio-economic
Disadvantage (IRSD), Aboriginal and Torres Strait Islander status, financial hardship,
language other than English, country of birth, maternal age, highest education, married or
living with partner, parental warmth and hostility, gestational diabetes, gestational
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hypertension, maternal psychological distress, alcohol and smoking. These confounders
were measured at age 0 to 1 year during home interviews.

Analysis
Demographic characteristics and BMI z-scores of the ALSPAC and LSAC samples were
compared. Multiple linear regressions were used to examine the associations between
temperament (0 to 5 years) and BMI z-score at age 7 years in both ALSPAC and LSAC
cohorts. Univariable linear regressions were performed to obtain the crude association
between temperament and BMI z-score (Model 1), and then adjusted for all confounders
listed above (Model 2). Analyses were performed on participants with complete data on
BMI z-scores, temperament, and all the covariables.

7.2.3 Results
The BMI z-scores at 7 years and characteristics of ALSPAC and LSAC participants are
displayed in Table 7.1, showing a greater BMI z-score in the LSAC sample compared with
the ALSPAC sample. A higher proportion of mothers in LSAC had a degree level education
than in ALSPAC. The mean age of mother in LSAC was older than in ALSPAC while ALSPAC
mothers were more likely to smoke during pregnancy than LSAC mothers.

Table 7.1 Characteristics of ALSPAC and LSAC samples

BMI z-scores at 7 years
Maternal education, degree
Housing tenure, rented or other
Maternal age (years)
Child sex, male
Birth weight (kg)
Gestational age (weeks)
Smoked during pregnancy
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ALSPAC
Mean (SD) or %
0.13 (1.04)
12.9
26.6
28.36 (4.82)
51.7
3.39 (0.56)
39.38 (1.9)
25.0

LSAC
Mean (SD) or %
0.38 (1.03)
32.9
35.8
31.01 (5.51)
51.1
3.41 (0.57)
39.11 (2.03)
16.7

Table 7.2 shows the association between temperament (as individual dimensions and as
categories) and BMI z-score at age 7 years in the ALSPAC sample. There was little
evidence of any association between temperament dimensions measured at 6 and 24
months measured using the RITQ or the TTS. When temperament was categorised into
easy/difficult, there was some suggestion that children with a difficult temperament at 6
months had a 0.14-point (95% CI -0.22, -0.06) lower BMI z-score at 7 years than children
with easy temperament. However, the association between temperament categories and
BMI z-score was attenuated at 24 months [β=-0.08, 95% CI (-0.16, 0.00)]. When
temperament dimensions were measured using the EAS Temperament Scale at age 38
months, higher emotionality and shyness were associated with lower BMI z-scores, while
higher activity and sociability were associated with higher BMI z-score. However, these
effect sizes were very small. For instance, one unit increase in emotionality (ranged from
1 to 5) was associated with 0.09 lower BMI z-score.
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Table 7.2 Association between temperament (6, 24 months, and 38 months) and BMI
z-score at 7 years in ALSPAC
Model 1:
Unadjusted
95% CI

Mean (SD)
β
or %
Temperament 6 months subscales (n=5896)b
Activity (ranged 1-6)
4.35 (0.53)
-0.03
-0.07, 0.02
Rhythmicity
2.60 (0.69)
-0.07
-0.11, -0.04
Approach
2.53 (0.64)
-0.10
-0.14, -0.06
Adaptability
2.42 (0.57)
-0.06
-0.10, -0.01
Intensity
3.51 (0.56)
-0.01
-0.05, 0.03
Mood
2.78 (0.66)
-0.07
-0.10, -0.03
Persistence
2.95 (0.73)
-0.04
-0.07, -0.01
Distractibility
2.42 (0.56)
-0.09
-0.13, 0.04
Threshold
3.75 (0.61)
-0.00
-0.05, 0.02
Temperament 6 months easy-difficult construct (n=5896)c
Easy
36.94
Ref
Intermediate low
33.88
-0.07
-0.12, -0.01
Intermediate high
14.41
-0.01
-0.08, 0.07
Difficult
14.76
-0.16
-0.24, -0.09
Temperament 24 months subscales (n=5738)
Activity (ranged 1-6)
3.57 (0.50)
0.10
0.06, 0.15
Rhythmicity
2.54 (0.52)
-0.00
-0.07, 0.03
Approach
2.83 (0.70)
-0.05
-0.08, -0.01
Adaptability
2.83 (0.60)
0.03
-0.01, 0.07
Intensity
3.38 (0.50)
-0.00
-0.03, 0.02
Mood
2.51 (0.47)
-0.08
-0.13, 0.03
Persistence
2.81 (0.54)
-0.04
-0.09, 0.01
Distractibility
3.45 (0.47)
-0.01
-0.06, 0.05
Threshold
3.38 (0.55)
-0.06
-0.10, -0.01
Temperament 24 months easy-difficult construct (n=5738)
Easy
37.48
Ref
Intermediate low
32.63
0.02
-0.04, 0.08
Intermediate high
14.67
-0.03
-0.01, 0.04
Difficult
15.23
-0.07
-0.15, -0.01
EAS Temperament Scale 38 months (n=5896)
Emotionality (ranged 1-5)
2.48 (0.85)
-0.09
-0.12, -0.07
Activity
4.32 (0.63)
0.08
0.04, 0.12
Shyness
2.49 (0.82)
-0.08
-0.11, -0.05
Sociability
3.64 (0.62)
0.08
0.04, 0.12
a

β

Model 2:
Adjusteda
95% CI

-0.04
-0.06
-0.07
-0.04
-0.03
-0.06
-0.04
-0.07
-0.00

-0.09, 0.08
-0.10, -0.03
-0.12, -0.04
-0.09, 0.00
-0.07, 0.02
-0.10, -0.02
-0.07, -0.00
-0.12, -0.02
-0.01, 0.00

-0.05
0.00
-0.14

-0.11, 0.01
-0.08, 0.08
-0.22, -0.06

0.08
0.00
-0.04
0.02
-0.03
-0.06
-0.04
0.00
0.00

0.03, 0.13
-0.04, 0.05
-0.08, -0.01
-0.00, 0.06
-0.08, 0.02
-0.11, 0.00
-0.09, 0.01
-0.00, 0.01
-0.05, 0.06

0.02
-0.04
-0.08

-0.04, 0.08
-0.12, 0.04
-0.16, 0.00

-0.09
0.09
-0.07
0.09

-0.12, -0.05
0.05, 0.13
-0.10, -0.04
0.04, 0.13

Adjusted for ethnicity, financial hardship, partner status, and maternal education, social class, crowding
index, home ownership, maternal age, smoking and alcohol during pregnancy, birth weight, gestational age,
and maternal depression at 8 weeks gestation
b
Scores were summed and divided by the number of items in each dimension. Higher score indicating higher
difficulty
c
Temperament categories were created using Carey’s algorithm.
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Table 7.3 shows the associations between temperament dimensions measured in LSAC
and BMI z-score at age 6 to 7 years. At age 0 to 1 year, there was no evidence of an
association between temperament dimensions of irritability, approach, and cooperation
on BMI z-score at age 6 to 7 years. This was also the case for temperamental reactivity
measured at 2 to 3 and 4 to 5 years. However, the association between approach at 2 to 3
years and persistence at 2 to 3 and 4 to 5 years with higher BMI z-score was slightly
increased, albeit, these effect sizes were very small. For instance, one unit increase in
persistence (ranged from 1 to 6) at age 2 to 3 years was associated with 0.08 lower BMI zscore at age 6 to 7 years.

Table 7.3 Association between temperament (0 to 1, 2 to 3 and 4 to 5 years) and BMI
z-score at 6 to 7 years in LSAC

Temperament 0-1y (n=3254)b
Irritability (ranged 1-6)
Approach
Cooperation
Temperament 2-3y (n=2710)
Reactivity (ranged 1-6)
Approach
Persistence
Temperament 4-5y (n=2920)
Reactivity (ranged 1-6)
Sociability
Persistence

Model 1:
Unadjusted
95% CI

β

Model 2:
Adjusteda
95% CI

Mean (SD)

β

2.50 (0.82)
4.72 (0.85)
4.17 (0.89)

0.01
0.02
0.03

-0.03, 0.05
-0.02, 0.06
-0.01, 0.07

0.03
0.01
0.03

-0.01, 0.08
-0.03, 0.06
-0.01, 0.07

2.98 (0.96)
3.93 (0.97)
4.27 (0.74)

0.01
0.04
0.08

-0.03, 0.04
0.01, 0.07
0.03, 0.12

-0.02
0.04
0.08

-0.06, 0.02
0.01, 0.08
0.02, 0.13

2.58 (0.86)
3.82 (1.12)
3.88 (0.89)

-0.01
0.07
0.02

-0.05, 0.03
0.04, 0.10
-0.02, 0.06

-0.02
0.06
0.03

-0.07, 0.02
0.03, 0.10
-0.01, 0.08

a

Adjusted for birth weight for gestational age, IRSD, Aboriginal and Torres Strait Islander status, financial
hardship, language other than English, country of birth, maternal age, highest education, married or living
with partner, parenting warmth and hostility, gestational diabetes & hypertension, maternal psychological
distress, alcohol and smoking (all measured at age 0 to 1 year)
b
Mean score in each dimension.

7.2.4 Discussion
The results of these population-based cohort studies suggested very weak or null
associations between temperament and BMI z-scores at 7 years of age. In ALSPAC the
associations were strongest when individual dimensions were categorised into the
187

easy/difficult dichotomy, which summarises multiple aspects of temperament.
Nevertheless, the effect sizes from both studies were extremely small and raise concern
that the associations could be due to residual or unmeasured confounding. Furthermore,
the fact that these associations were of a similar magnitude in two different cohorts using
different measures of temperament, and collected at multiple times from ages 0 to 1
through to 4 to 5 years, tends to strengthen the findings that temperament measured by
generalised tools has negligible effects on BMI in childhood.

Although different temperament tools are applied in ALSPAC and LSAC, there are
similarities across some of the underlying dimensions, making it possible to compare the
performance of individual dimensions between these and other studies. Most literature
suggests children with negative emotionality/mood/reactivity are more likely to have
higher weight status.173,308 because they were more were more likely to be fed with
obesogenic food.180,310 However this is not supported by the current study with mood
(ALSPAC) and irritability/reactivity dimensions (LSAC) not associated with BMI, and the
reverse was seen for negative emotionality (LSAC) which was associated with lower BMI.
While it is possible that children who are temperamentally difficult or have negative
emotionality may have problems with emotional eating, other studies also suggest that
children with negative emotionality were more likely to have fussy and picky eating
behaviours and refuse to try new foods.311 In addition, the lower BMI in temperamentally
difficult children may be because parents have greater difficulties feeding children who
are temperamentally difficult.
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While little is known about the approach/sociability dimensions of temperament and
BMI, others studies have reported associations between persistence and BMI. The
positive association between persistence (LSAC) and BMI z-scores is contradicted by
findings from Faith and Hittner312 who found a 54% reduced odds of being overweight in
6-year-old boys who have higher persistence level. However, it is difficult to explain why
there was no association between persistence and BMI in the ALSPAC study. Persistence
is sometimes conceptualised as a component of self-regulation and inhibitory control. A
number of studies have suggested that poor self-regulation (inhibitory control) is
associated with higher body weight because children with poor self-regulation are less
able to control their intake of palatable foods.179,313 This could not be examined here as
inhibitory control was not measured in both ALSPAC and LSAC, but the literature suggests
parents may use feeding behaviours such as restriction on children with poor selfregulation.

In summary, evidence from ALSPAC and LSAC suggested that the association between
temperament and BMI is, at best, very small. Contrary to other literature, there is no
evidence from both ALSPAC and LSAC that children who are temperamentally difficult or
have higher levels of negative mood and reactivity have higher BMI z-scores. The
association between temperament dimensions of approach/sociability and persistence
and BMI z-score are less consistent between ALSPAC and LSAC and these disparities could
be exploited by comparing the content of the temperament tools to improve our
understanding of which aspects of temperament are contributing to such differences.
However, this research is beyond the scope of this doctoral project and the small
associations tend to suggest that this is not likely to be of major importance to public
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health researchers. It is for this reason, the attention shifts to parenting and adiposity in
the next section.
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What is already known about this subject?
•

Parental feeding practices may contribute to children’s adiposity.

•

Evidence on this association is mixed and most often involves small, cross-sectional
studies.

What this study adds?
•

High parental feeding control at 3.5 years is associated with lower BMI z-score and fat
mass at 15 years, but not BMI z-score at 7 years.

•

The use of food to soothe at 3.5 years is not associated with children’s BMI z-scores or
fat mass at 7 and 15 years.

193

7.3.2 Abstract
Background: Associations of parental feeding techniques with adiposity are mixed and
largely rely on cross-sectional studies. We examined associations between parental
feeding control and using food to soothe at 3.5 years on adiposity at 7 and 15 years.
Methods: Participants were from the Avon Longitudinal Study of Parents and Children
(n=7674). Feeding control was assessed using the item ‘how much choice do you allow
him/her in deciding what foods he eats at meals?’. Use of food to soothe was reported by
mothers on the item ‘how often do you use sweets or other foods to stop his/her crying
or fussing?’. BMI at 7 and 15 years was converted to sex- and age-adjusted z-scores. Fat
mass was assessed at 15 years using dual energy X-ray absorptiometry.
Results: In fully-adjusted models, children given the least choice had 0.12 point lower BMI
z-score and 1.54 kg lower fat mass at 15 years than children with the most choices. There
was no evidence of an association between using food to soothe and children’s adiposity.
Conclusions: Contrary to some studies, higher parental control over food choice was
associated with lower adiposity, but use of food to soothe was not associated with
adiposity at ages 7 and 15.

194

7.3.3 Background
Overweight and obesity is a global public health challenge with 42 million children under
5 years overweight or obese.22 Due to the high prevalence of overweight and obesity,
there is interest in examining how early life feeding experiences influence children’s later
food preferences, diets and adiposity.314-317

Parental feeding practices that may influence children’s adiposity include the use of
feeding control and food to soothe.316 There is a lack of a universal definition of feeding
control.105 Most studies conceptualize feeding control as pressuring children to eat
certain foods or deliberately restricting children’s intake of energy-dense food. Systematic
reviews have shown that higher parental pressure to eat is associated with lower
children’s body mass index (BMI).318,319 It has been suggested that parental use of
pressure increases children’s dislike for foods and likelihood of picky eating. Findings on
the association between feeding control and children’s eating and adiposity are
inconsistent. Birch and Fisher reported that restrictive feeding is associated with more
snacking and adiposity in 5-year-old girls.101,320 The authors suggested that restrictive
feeding increases children’s preference for the restricted foods and children are more
likely to eat in the absence of hunger.100,321 Several cross-sectional studies found no
association or a positive association between restrictive feeding and adiposity outcomes
particularly in toddlers and preschoolers,318,319 while two longitudinal studies reported a
negative association.106,322

Food to soothe is conceptualized as using food in response to the child’s crying or fussing
due to reasons other than hunger,103,112,190,323 for instance, when a child is upset or has
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temper tantrums.103,310 Most studies that examined food to soothe and child’s eating and
adiposity are cross-sectional,103,112 with findings varying from no association111,188,190 to
positive associations.102,103,324

A review of 32 articles on parental feeding practice on children’s eating behaviours and
weight found that 22 studies were cross-sectional and therefore unable to establish
temporal order between parenting and adiposity.316 For instance, it is unclear whether
parental restriction influences children’s adiposity, or parents who perceived their
children as overweight are more controlling.322 Longitudinal studies with short-term
follow up may be difficult to detect the effects, especially when sample sizes are small.
The current study used data from a large, population-based prospective study to
investigate the associations between parental feeding control and food to soothe at 3.5
years on children’s BMI z-scores at 7 and 15 years and fat mass at age 15 years. Our
primary analyses used BMI as an outcome at ages 7 and 15 to examine consistency of
associations between feeding practices and adiposity in childhood and adolescence, and
fat mass at age 15 when adiposity is strongly predictive of adult outcomes.24 In secondary
analyses, we explored the maternal and child characteristics that may influence parental
use of feeding control and food to soothe. For instance, child temperament may influence
maternal feeding and adiposity.173,308.173,308

7.3.4 Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a population-based,
prospective study investigating the determinants of children’s health and development. A
total of 14541 pregnant women resided in the Southwest of England with delivery date
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between 1st April 1991 and 31st December 1992 were recruited into the study. The core
eligible ALSPAC sample consists of 13978 infants who were alive at 1 year of age (Figure
7.1). The cohort is considered broadly representative of the population living in Avon at
the time although ethnic minorities, single parents and unmarried couples were slightly
underrepresented.197 The study website contains details of all the data that is available
through a fully searchable data dictionary (http://www.bris.ac.uk/alspac/researchers/dataaccess/data-dictionary/). Ethical approvals were obtained from the ALSPAC Law and Ethics
committee and local Research Ethics committees. Written informed consent was
obtained from all participants.
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ALSPAC pregnancies n=14541
Core cohort surviving to age 1 year n=13988
Triplets & quadruplets n=10

Eligible cohort n=13978

ELIGIBLE

INCLUDED

Exposures
3.5 years feeding
control
n=9542

Outcomes
7 years BMI
n=7759
15 years BMI
n=5159
15 years fat mass n=4095

3.5 years food to
soothe n=9992
Feeding control or
food to soothe
n=10016

Incomplete
covariable
data
n=3962

Data available on feeding control, food to soothe, all outcomes and covariates
n=3082

ANALYSED

Multiple imputation for participants with data on at least 1 of the 3 outcomes and
at least one of the exposures n=7312

Figure 7.1 Flow chart of participants

BMI and fat mass
At age 7 and 15 years, participants were invited to attend the annual assessment clinics
where anthropometric measurements were taken by trained researchers. Height was
measured without shoes to the nearest 0.1 cm using the Harpenden Stadiometer (Holtain
Croswell, Dyfed, UK). Weight was measured in light clothing (Tanita, Arlington Heights, IL)
to an accuracy of 0.1 kg. BMI was calculated as weight (kg)/ height (m2) and converted to
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z-scores based on the British 1990 growth reference as these are temporally and
culturally appropriate to the ALSPAC cohort.309 Total fat mass was assessed at a mean age
of 15.5 years using dual energy X-ray absorptiometry (DXA) (Prodigy scanner, Lunar
Radiation Corp, Madison, Wisconsin, US).

Parental feeding control and food to soothe
Parental feeding control was measured at age 3.5 years using an item ‘how much choice
do you allow him/her in deciding what foods he eats at meals?’. Mothers responded to
this item as ‘he/she can choose from any food available’, ‘he/she is given a choice from a
few alternatives that I select’, and ‘I decide what he/she will eat’. Mothers who decided
what the child will eat were considered as endorsing higher control than mothers who
allowed their child to have food choices.325 Mothers’ use of food to soothe at age 3.5
years was measured using one item ‘how often do you use sweets or other foods to stop
his/her crying or fussing?’. Response to this item was ‘frequently’ (once a day or many
times a week), ‘infrequently’ and ‘never’.

Confounding
Confounding of the association between parental feeding control, use of food to soothe
and adiposity were decided a priori based on current literature. Confounding factors
included maternal education, home ownership, household crowding, parental social class,
and financial difficulties), child’s dietary patterns at 3 years of age, and child and parent
factors (child temperament, birth weight z-score, ethnicity, eating difficulties, maternal
age, maternal pre-pregnancy BMI, sole parenting, postnatal depression, smoking, alcohol
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intake during pregnancy, and number of other children). Full details of how these
confounding factors were measured are provided in supplementary material.

Analysis
Multiple linear regression models were used to estimate the associations between
feeding control, use of food to soothe and BMI z-scores at age 7 and 15 years and fat
mass at 15 years. First, we estimated the unadjusted effect of feeding control and use of
food to soothe on outcomes separately (Model 1). We then adjusted for children’s
temperament (Model 2) and dietary patterns (Model 3). In Model 4, the feeding control
model was adjusted for all confounding factors and parental use of food to soothe (and
age, sex, and height for fat mass); the food to soothe model was adjusted for all
confounding factors and feeding control (and age, sex, and height for fat mass). All
analyses were performed using STATA version 13.0 (Stata Corp, College Station, Texas).

Multiple imputation
Twenty imputed datasets were generated using the ‘mi impute chained’ command in
STATA under the missing at random assumption.235 Multiple imputation was performed
for participants with data available on at least one of the three outcomes and at least one
of the exposures (n=7312). The imputation model included all the exposures, outcomes,
confounding variables, interactions between feeding control, use of food to soothe and
temperament, and auxiliary variables (energy intake at age 13, temperament at age 2
(easy/difficult), and time spent watching television). We performed analyses on the
complete case sample and the imputed sample and the results were similar (data not
shown). Results from the imputed sample are reported.
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7.3.5 Results
Table 7.7 in Appendix J shows the characteristics of the response, complete case (n=3082)
and imputed sample (n=7312). The complete case sample was more socio-economically
advantaged and had lower BMI z-scores and fat mass than the response sample. The
imputed sample was more comparable to the response sample in terms of the socioeconomic position, BMI z-scores and fat mass.

Table 7.4 shows the maternal and child characteristics of ALSPAC participants according
to their responses to the parental feeding control and use of food to soothe items. When
asked about the extent the child was allowed to have food choices, 9% of the participants
responded that the child was allowed to choose from any available foods, 61% responded
that the child was allowed to have some food choices, and 30% responded that the
parent decided what the child will eat. Mothers who allowed their child to choose from
any foods available were more socio-economically disadvantaged, had higher BMI and
were more likely to smoke during pregnancy than mothers who allowed their child to
have a few choices and mothers who made food decisions for their child. Children who
were allowed to choose from any available foods were more likely to have
‘junk/processed’ dietary pattern, more likely to be choosy about food, and had higher
BMI z-scores and fat mass than children who were given a few alternatives and children
whose food intake was decided by their parents. The proportion of participants who
frequently, infrequently, and never used food to soothe a child’s crying or fussing was
12%, 51% and 37% respectively. Mothers who used food to soothe frequently were more
socio-economically disadvantaged, had higher BMI and were more likely to smoke during
pregnancy than mothers who never or infrequently used food to soothe. Children who
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were temperamentally difficult or choosy about food were more likely to have parents
who used food to soothe.
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Table 7.4 Maternal and child characteristics of those participants according to their responses to the feeding control and use of food to
soothe items at 3.5 years (n=7312)
Parental feeding control
Can choose any
Choice of few
Parent decides
(8.9%)
(61.2%)
(29.9%)
Maternal characteristics
Maternal education (%)
CSE/vocational
O level
A level
Degree
Parental highest social class (%)
I/II (highest)
III
IV/V (lowest)
Household crowding (%)
Home ownership, rented/other (%)
Had financial difficulty (%)
Maternal BMI, mean (SD)
Maternal age, mean (SD)
Smoking during pregnancy (%)
Child characteristics
Diet patterns at 3 years, mean (SD)
Junk/Processed
Health conscious
Traditional
Snacks
Difficult temperament at 6 months (%)
Choosy about food at 15 months (%)
Overeaten at 15 months (%)
Birth weight z-score, mean (SD)
BMI z-score at 7 years, mean (SD)

Parental use of food to soothe
Frequent
Infrequent
Never (37.4%)
(11.4%)
(51.2%)

34.2
35.2
19.9
10.8

18.9
35.5
28.2
17.4

23.6
36.3
25.2
15.0

28.6
36.6
23.0
11.8

20.4
36.5
27.3
15.8

21.4
34.3
26.6
17.8

48.4
45.5
5.1
6.2
25.2
11.9
23.49 (4.36)
28.59 (5.02)
23.4

62.6
33.6
3.8
3.7
15.1
7.6
22.92 (3.67)
29.16 (4.52)
18.0

58.6
36.3
5.1
4.0
17.1
8.0
22.76 (3.64)
29.32 (4.31)
17.5

55.3
39.4
5.4
5.1
17.9
10.2
23.19 (3.95)
28.57 (4.35)
20.7

60.6
35.1
4.3
3.7
15.8
8.1
22.91 (3.64)
29.19 (4.46)
18.5

61.0
34.8
4.2
4.1
17.3
7.6
22.84 (3.79)
29.29 (4.62)
17.2

0.25 (1.08)
-0.10 (0.97)
-0.20 (1.04)
-0.08 (1.10)
15.0
72.7
16.1
0.04 (1.00)
0.21 (1.13)

-0.12 (0.92)
0.05 (1.00)
-0.03 (1.00)
0.10 (0.97)
15.4
70.7
15.6
0.11 (0.99)
0.12 (1.03)

-0.16 (0.95)
-0.01 (1.00)
0.10 (0.94)
0.02 (0.96)
13.3
64.5
15.8
0.18 (0.97)
0.10 (1.00)

0.36 (1.06)
-0.11 (0.94)
-0.16 (0.94)
0.16 (1.03)
18.8
75.9
18.0
0.15 (1.00)
0.15 (1.05)

-0.08 (0.91)
-0.01 (0.98)
-0.02 (0.97)
0.11 (0.97)
15.3
71.1
17.1
0.12 (0.99)
0.12 (1.02)

-0.27 (0.91)
0.10 (1.04)
0.06 (1.03)
-0.04 (0.97)
12.7
63.7
13.2
0.12 (0.97)
0.12 (1.05)
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BMI z-score at 15 years, mean (SD)
Fat mass (kg) at 15 years, mean (SD)
a

Parental feeding control
Can choose any
Choice of few
Parent decides
(8.9%)
(61.2%)
(29.9%)
0.55 (1.16)
0.37 (1.09)
0.36 (1.05)
16.71 (10.59)
15.43 (9.14)
14.65 (8.89)

Parental use of food to soothe
Frequent
Infrequent
Never (37.4%)
(11.4%)
(51.2%)
0.41 (1.13)
0.39 (1.07)
0.36 (1.11)
15.92 (9.69)
15.35 (9.13)
15.07 (9.20)

CSE= Certificate of Secondary Education. CSE, O, and A levels were high school qualifications. O-levels were usually studied at age 16 and A-levels at age 18.
‘Junk/Processed’ pattern was described by foods with high fat and sugar content, and processed and convenience foods. ‘Health conscious’ pattern was associated with
consumption of salads, fruit, vegetables, fish, pasta and rice. ‘Traditional’ pattern was highly associated with meat, poultry, potato and vegetable consumption. ‘Snack’ pattern
was described as diet consisting primarily of snack and finger foods as opposed to foods where cooking is required.326

b

204

Table 7.5 shows the associations between the parental feeding control item at 3.5 years
and children’s adiposity outcomes at 7 and 15 years. In the unadjusted model, there was
evidence of lower BMI z-scores and fat mass among children whose parents used higher
feeding control. However, effects were attenuated after adjusting for both temperament
and dietary patterns at 3 years. In the fully-adjusted model, there was weak evidence of
an association of parental control with BMI z-score at age 7 years (β=-0.07, 95% CI -0.16,
0.01). At 15 years, children who were given the least choices (parent decided food intake)
had 0.12 (95% CI -0.23, -0.02) lower BMI z-score and 1.54 kg (95% CI -2.35, -0.74) lower
fat mass compared to children who were given free choices. Regression models in Table
7.6 showed no evidence of parental use of food to soothe at age 3.5 years and children’s
adiposity outcomes at either age.
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Table 7.5 Associations between parental feeding control (3.5 years) on BMI z-score at 7 and 15 years, and fat mass at 15 years in
imputed sample (n=7312)
β

Model 1a
95% CI

β

Model 2b
95% CI

β

Model 3c
95% CI

β

Model 4d
95% CI

BMI z-score at 7 years
Feeding control
Can choose any
Choice of few
Parent decides

Ref
-0.09
-0.10

(-0.18, -0.01)
(-0.20, -0.01)

Ref
-0.09
-0.11

(-0.18, -0.01)
(-0.20, -0.02)

Ref
-0.08
-0.10

(-0.16, 0.01)
(-0.19, -0.00)

Ref
-0.07
-0.08

(-0.16, 0.01)
(-0.17, 0.01)

BMI z-score at 15 years
Feeding control
Can choose any
Choice of few
Parent decides

Ref
-0.18
-0.19

(-0.28, -0.08)
(-0.30, -0.08)

Ref
-0.18
-0.19

(-0.28, -0.08)
(-0.30, -0.08)

Ref
-0.14
-0.16

(-0.24, -0.04)
(-0.27, -0.05)

Ref
-0.12
-0.12

(-0.22, -0.01)
(-0.23, -0.02)

Fat mass, 15 years (kg)
Feeding control
Can choose any
Choice of few
Parent decides

Ref
-1.28
-2.06

(-2.13, -0.42)
(-2.95, -1.16)

Ref
-1.28
-2.05

(-2.13, -0.42)
(-2.95, -1.16)

Ref
-0.91
-1.76

(-1.78, -0.05)
(-2.67, -0.85)

Ref
-1.12
-1.54

(-1.89, -0.36)
(-2.35, -0.74)

a

Model 1: unadjusted
Model 2: adjusted for infant temperament at 6 months
c
Model 3: Model 2+ dietary patterns at 3 years
d
Model 4: Model 3+ parental use of food to soothe, maternal education, sole parenting, financial difficulties, social class, home ownership, maternal age, birth weight z-score,
alcohol, smoking, maternal BMI, crowding index, maternal depression, number of other children, ethnicity, child not eaten enough, child refuse right food, child choosy with
food, child overeaten, and difficult to establish eating routine and age, sex and height (for model with fat mass outcome)
b
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Table 7.6 Associations between parental use of food to soothe (3.5 years) on BMI z-score at 7 and 15 years, and fat mass at 15 years in
imputed sample (n=7312)
β

Model 1a
95% CI

β

Model 2b
95% CI

β

Model 3c
95% CI

β

Model 4d
95% CI

BMI z-score at 7 years
Use of food to soothe
Frequent
Infrequent
Never

Ref
-0.03
-0.04

(-0.12, 0.04)
(-0.12, 0.04)

Ref
-0.04
-0.05

(-0.12, 0.04)
(-0.13, 0.03)

Ref
-0.03
-0.03

(-0.11, 0.05)
(-0.11, 0.06)

Ref
-0.03
-0.04

(-0.11, 0.05)
(-0.12, 0.04)

BMI z-score at 15 years
Use of food to soothe
Frequent
Infrequent
Never

Ref
-0.02
-0.05

(-0.11, 0.08)
(-0.15, 0.04)

Ref
-0.02
-0.05

(-0.10, 0.08)
(-0.15, 0.04)

Ref
0.03
0.01

(-0.06, 0.12)
(-0.08, 0.11)

Ref
0.03
0.01

(-0.05, 0.12)
(-0.09, 0.10)

Fat mass, 15 years (kg)
Use of food to soothe
Frequent
Infrequent
Never

Ref
-0.57
-0.85

(-1.34, 0.21)
(-1.65, 0.05)

Ref
-0.56
-0.83

(-1.34, 0.22)
(-1.63, 0.03)

Ref
-0.18
-0.33

(-0.96, 0.60)
(-1.15, 0.48)

Ref
-0.03
-0.05

(-0.70, 0.65)
(-0.66, 0.76)

a

Model 1: unadjusted
Model 2: adjusted for infant temperament at 6 months
c
Model 3: Model 2+ dietary patterns at 38 months
d
Model 4: Model 3+ parental use of food to soothe, maternal education, sole parenting, financial difficulties, social class, home ownership, maternal age, birth weight z-score,
alcohol, smoking, maternal BMI, crowding index, maternal depression, number of other children, ethnicity, child not eaten enough, child refuse right food, child choosy with
food, child overeaten, and difficult to establish eating routine and age, sex and height (for model with fat mass outcome)
b
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7.3.6 Discussion
Using data from a population-based sample of UK infants, this study found a weak
association that higher parental feeding control, in terms of restricting children’s food
choices, at age 3.5 years was associated with 0.07 lower BMI z-score at 7 years. The
association of parental control and BMI was stronger at 15 years old with 0.12 lower BMI
z-scores and 1.54 kg less body fat mass in children with the least food choice compared to
children with the most food choice. A reduction in BMI z-score of 0.07 corresponds with a
difference of 0.22 kg for a 7-year-old boys of average height (1.27 m) while a reduction in
BMI z-score of 0.12 corresponds with a difference of 1.09 kg weight for a 15-year-old
male youth of average height (1.65 m), which is slightly lower than the fat mass estimated
at 15 years. Findings from the current study are in contrast to a US longitudinal study in
year 2004 by Faith et al.327 who found that restriction at age 5 was associated with a
higher BMI z-score at age 7 years in high-risk children (maternal BMI≥66th percentile)
(n=57). On the other hand, Spruijt-Metz et al.187 reported no association between
restriction at 11 years of age and fat mass at 14 years of age in a small sample of African
American adolescents (n=47). Only two studies have reported a negative association
between parental feeding control (food restriction) and BMI. Campbell et al.106 examined
food restriction in younger (5 to 6 years) and older (10 to 12 years) children and their BMI
z-scores 3 years later and found that higher restrictive feeding was associated with lower
BMI-scores in the younger but not older children (n=392). Farrow and Blisett322 reported
that parental restriction at age 1 year was associated with lower BMI at age 2 years
(n=62).
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It is not clear why parental feeding control had a negative association with BMI and fat
mass. It may be that the parental feeding control item measured in the ALSPAC was more
about the child’s choice of foods and it is different from other questionnaires that
measure mainly parental over controlling practices.190,328 A cross-sectional study that
measured feeding control using an item ‘how much choice is your child allowed in
deciding what foods he/she eats at breakfast and lunch?’, which is similar to the feeding
control item in this current study, also reported that child BMI z-scores were the lowest
among children who were given no food choice than in children given little or some
choice (n=1790).329 Parents who allowed their children to have more choices may be less
concerned about the child eating and dietary intakes, or had a more globally indulgent
parenting style which has been associated with more energy-dense food intake and
higher weight status in children.314,315,330 Parents who considered themselves as more
responsible in feeding were less likely to allow their child to have control over their own
food intake.331

As opposed to Campbell et al.106 who reported a reduction in BMI z-score of 0.013 of
higher feeding control in children aged 5 to 6 years but no effect in children aged 10 to11
years, the current study found a greater reduction in BMI in older children (15 years) than
in younger children (7 years). The weaker evidence on BMI z-score at age 7 years may be
because dietary intake of younger children depends more on the food availability at
home whereas older children may have more opportunities to eat out and have greater
access to unhealthy foods, suggesting that higher parental use of control over food choice
among older children might encourage a healthier diet and could be beneficial for their
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weight. Findings from this current study suggested that future studies may need to follow
children longer to discover the effect of feeding control on adiposity.

The current study found no evidence of parent use of food to soothe on adiposity
outcomes at either age. Most studies that reported a positive association between using
food to soothe and BMI involved very young children, i.e. 0 to 2 years.102,103,324 We
measured food to soothe at 3.5 years and findings are consistent with other crosssectional studies that measured food to soothe at a similar or older ages.111,188 Carnell
and Wardle188 measured food to soothe in 3 to 5 year old children and reported no
association between food to soothe and BMI z-score. Rodenburg et al.111 found that using
food to soothe at age of 9 was associated with more energy-dense snacking but not with
BMI z-scores.

Secondary analyses of the current study showed that mothers who allowed their child to
have free choice were more socially disadvantaged and had higher BMI than mothers
who decided what their child eat. Previous studies have also reported similar
findings,110,323,332 e.g. Ogden et al.110 found that parents from higher social classes were
more likely to use overt control (i.e. telling the child what, when or how much to eat).
Consistent with other studies,173,310,333 we found that mothers who used food to soothe
frequently were more likely to consider their child as temperamentally difficult. These
findings reinforce the need for taking into account the parents perception of their child’s
temperament to better understand the associations between parental feeding practices
and child eating behaviours.
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There have been a few child obesity interventions that target parenting feeding practices
such as controlling feeding (e.g. the NOURISH, Prevention of Overweight in Infant).192,334
These interventions showed small changes on parental feeding practices and children’s
diet but no reduction on BMI at ages 2 to 4 years.192,334 Given that there is no a standard
guideline that is specific on feeding control, it remains unknown how positive feeding
practices may “protect” children from overweight. Greater understanding on the contexts
and specific feeding behaviours are needed to design obesity prevention interventions,
and observational data such as ours showing that parental control might influence
adiposity can help inform such interventions.

The limitations of the current study include the use of one-item measure of feeding
control which assessed the extent that the child was allowed to have food choices, but it
was unclear how much, when and which choices were given to the child. However, the
feeding control item used in this study reflected the extent to which parents allowed their
child to have food choices which is an important indicator of restriction or authoritarian
parenting style.329,332 No universal definition of feeding control is available and no single
measure is accepted as a gold standard.104 The strengths of the current study include the
use of a large, population-based study and adjustment for a wide range of confounders to
provide a robust estimate of the association between feeding control, use of food to
soothe and children’s adiposity. In addition, we strengthened the evidence for
associations with BMI by using data on fat mass as a more direct measure of adiposity.335

In conclusion, higher parental feeding control at 3.5 years was associated with 0.07 lower
BMI z-score at 7 years and 0.12 lower BMI z-score and 1.54 kg less fat mass at 15 years.
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There was little evidence that food to soothe at 3.5 years was associated with adiposity in
childhood or adolescence.
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7.3.7 Online appendices
Appendix I Details of measurements of covariables included in analyses

Socio-economic position
Information on maternal education, home ownership, household crowding, parental
social class, and financial difficulties were collected by postal questionnaires sent to the
mothers between 8 and 32 weeks of gestation. Maternal education was reported as the
highest completed level of the mothers and categorised into four levels: none/certificate
of secondary education (CSE)/ vocational training, O level, A level, and degree. CSE, O,
and A levels were high school qualifications. O-levels were usually studied at age 16 and
A-levels at age 18. Home ownership was categorised into owned or mortgaged and
rented or other. Household crowding was categorised according to whether there were
≤1 or >1 person per room. Parental social class was categorised based on the highest
occupation using standard United Kingdom classification of occupation, ranging from
class I (highest) to class V (lowest).336 Financial difficulties were measured using 5 items of
how difficult mothers found it to afford food, clothing, heating, rent or mortgage, and
things they will need for their babies. Each response ranged from 1 (very difficult) to 4
(not difficult). The sum of the scores of the five items was subtracted from 20 to derive a
total financial difficulties score. Mothers with a score of 9 and above were defined as
experiencing financial difficulties.

Dietary factors
Child’s dietary data was measured at age 3 using Food Frequency Questionnaire (FFQ).
Mothers reported the child’s consumption of each foods and beverages item as ‘never or
rarely’, ‘one in 2 weeks’, ‘one to three times per week’, ‘four to seven times per week’ or
‘more than once a day’. Using principal component analysis, four dietary patterns were
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identified: junk/processed, traditional, health conscious, and snacks. The methods have
been described in details elsewhere.326

Child and parent factors
Child factors included temperament, birth weight z-score, ethnicity, and eating
difficulties. Child temperament was measured at 6 months using the Revised Infant
Temperament Questionnaire42 and categorised into easy or difficult based on the
ALSPAC-specific norms.244 Birth weight was collected by ALSPAC staff from obstetric data
and standardized based on the 1990 British growth chart stratified by sex and gestational
age.337 Child eating difficulties at age 24 months were reported by mothers (yes/no) on
the following items: refused to eat the right food, been choosy with food, over-eaten, and
difficult to establish an eating routine.

Parental factors included maternal age, maternal pre-pregnancy BMI, sole parenting,
postnatal depression, smoking (yes/no) and alcohol intake during pregnancy, and number
of other children. Maternal pre-pregnancy weight and height were self-reported at 12
weeks gestation and BMI was calculated as weight (kg)/height(m)2. Sole parenting was
categorised as: ‘married or living with partner’ and ‘not married or not living with
partner’. Maternal depression was indicated by scores ≥13 from the Edinburgh Postnatal
Depression Scale measured at 8 weeks postpartum.297 Mothers’ alcohol intake during the
first 3 months of pregnancy was categorised as: never, ≤ 1 glass per week, ≥ 1 glasses per
week, and ≥ 1 glasses per day. Number of other children living in the family was measured
at 6 months of age and categorised as: none, 1, 2, 3, and ≥4.
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Appendix J Characteristics of ALSPAC study participants

Table 7.7 Characteristics of ALSPAC study participants
Response samplea

N
Outcomes
BMI z-score 7 years
BMI z-score 15 years
Fat mass 15 years (kg)
Exposures
Feeding control 42months
Can choose any
Choice of few
Parent decides
Use food to soothe 42
months
Frequent
Infrequent
Never
Covariables
Maternal age (year)
Maternal BMI (kg/m2)
Maternal educationd
None/CSE/Vocational
O level
A level
Degree
Parental social class
I/II (highest)
III
IV/V (lowest)
Home ownership,
rented/other
Household crowding
Financial difficulties
Sole parenting
Maternal depression
Smoking in the first 3
months of pregnancy
Alcohol intake in the first 3
months of pregnancy
Never
<1 glass a week
1-6 glasses a week
1+ glass a day
Number of other children
None
1
2

7759
5159
4905

Mean (SD)
or %
0.13 (1.04)
0.36 (1.09)
15.32 (9.17)

Complete case
sample
(n=3082)b
Mean (SD)
or %
0.10 (1.02)
0.34 (1.07)
15.17 (9.03)

Imputed
sample
(n=7312)c
Mean (SD)
or %
0.12 (1.03)
0.38 (1.09)
15.31 (9.22)

9542
981
5941
2959

9.9
60.1
30.0

7.7
63.1
29.2

8.9
61.2
29.9

1209
5112
3671

12.1
51.2
36.7

10.5
52.1
37.4

11.4
51.2
37.4

11815
11534
12418
3728
4296
2794
1600
11505
6342
4481
682
13027
12804
12088
13151
11697
13158

28.36 (4.82)
22.93 (3.84)

29.72 (4.27)
22.84 (3.63)

29.16 (4.51)
22.92 (3.73)

30.0
34.6
22.5
12.9

14.7
35.1
30.2
20.0

21.7
35.7
26.6
16.1

55.1
39.0
5.9
26.6

66.9
30.2
2.9
11.8

60.1
35.5
4.4
16.7

6.9
10.0
8.5
10.2
25.0

2.5
6.0
3.6
7.3
13.0

4.0
7.9
5.6
8.5
18.3

45.5
38.7
13.9
1.9

43.6
41.2
13.7
1.5

44.0
41.0
13.3
1.7

43.3
36.9
14.7

49.0
36.3
11.8

45.4
37.1
13.7

13005
5917
5034
1804
250
11386
4925
4201
1675
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Response samplea

N
3
≥4
Ethnicity, non-White
Difficult temperament 6
months
Sex, male
Birth weight z-score
Dietary patterns at 38
monthse
Junk/Processed
Health conscious
Traditional
Snacks
Child not eaten enough
Child refused right food
Child choosy with food
Child overeaten
Child has difficulty to
establish eating routine
a

440
145
13641
11097

Mean (SD)
or %
3.9
1.3
5.4
14.8

Complete case
sample
(n=3082)b
Mean (SD)
or %
2.4
0.6
3.3
14.6

Imputed
sample
(n=7312)c
Mean (SD)
or %
3.0
0.8
3.9
14.8

13976
13891
10014

51.7
0.08 (1.00)

48.2
0.14 (0.98)

50.8
0.13 (0.99)

10014
10014
10014
10014
10422
10422
10422
10422
10422

-0.00 (1.00)
0.00 (1.00)
-0.00 (1.00)
-0.00 (1.00)
64.2
62.3
68.2
16.6
22.1

-0.24 (0.89)
0.07 (1.01)
-0.01 (1.00)
0.13 (0.93)
65.0
64.6
69.6
15.1
20.3

-0.10 (0.95)
0.02 (1.00)
-0.00 (0.99)
0.06 (0.98)
64.6
63.4
69.0
15.8
21.5

Response sample is the number who responded to specific assessment for each child exposure, outcome, or
covariable.
b
Complete case sample includes participants who have data on all outcomes, exposures, and covariables.
c
Imputed sample includes participants who have data on at least one of the three outcomes and one of the
two exposures.
d
CSE= Certificate of Secondary Education. CSE, O, and A levels were high school qualifications. O-levels
were usually studied at age 16 and A-levels at age 18.
e
‘Junk/Processed’ pattern was described by foods with high fat and sugar content, and processed and
convenience foods. ‘Health conscious’ pattern was associated with consumption of salads, fruit, vegetables,
fish, pasta and rice. ‘Traditional’ pattern was highly associated with meat, poultry, potato and vegetable
consumption. ‘Snack’ pattern was described as diet consisting primarily of snack and finger foods as opposed
to foods where cooking is required.326

216

7.4 PART 3: Does temperament modify the association between
parental feeding control and adiposity?
7.4.1 Introduction
In Part 2 of Chapter 7, the association between parental feeding control and food to
soothe and children’s adiposity outcomes at ages 7 and 15 years were examined. There
was some evidence that lower parental feeding control (but not food to soothe) at age
3.5 years was associated with a higher BMI z-score and fat mass in children at age 7 and
15 years. Part 3 of this Chapter extends these analyses to examine the effect-measure
modification by temperament of the association between parental feeding control and
adiposity outcomes, i.e. whether the association between parental feeding control and
adiposity outcomes differs in children with easy versus difficult temperament. The
rationale to this analysis has been reviewed in Section 2.5.3. In brief, studies suggested
that temperament may predispose an individual’s risk of adiposity; temperamentally
difficult children whose parents used high feeding control may be more likely to be
overweight than temperamentally easy children whose parents used high feeding
control.186

With regard to the parenting practice of food to soothe, the previous analyses was
indicative of a null association with adiposity, and therefore an analysis of effect measure
modification by temperament was not undertaken. This section is not included in the
article considering the suitability for readers of the journal and the word limitation.
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7.4.2 Method
The analysis of effect-measure modification approach used in this chapter is similar to the
effect-measure modification approach used in Chapter 6. However, there are three
categories of parenting in this analysis, instead of the two categories of parenting (i.e.
‘low warmth and ‘high ‘warmth’) presented in Chapter 6. The three categories are; the
child can choose any available food, the child is given a few choices and the parent
decides food intake). BMI at 15 years was categorised into two categories: ‘healthy’ and
‘overweight/obese’ using the International Obesity Task Force (IOTF) definition.201 The
sex and age specific cut points for BMI were included in Chapter 2. There is no standard
definition of overweight using fat mass. For this analysis, excess fat mass was defined as
scores above the sex-specific 90th percentile, adjusted for age and height.338

7.4.3 Result
Table 7.8 shows effect-measure modification by temperament on the association
between parental feeding control and overweight (BMI). In the stratum of easy
temperament, compared to children in the ‘can choose any’ group, children in the ‘few
choices’ group were associated with 15% (95% CI 0.71, 1.01) lower risk of overweight
while children in the ‘parent decides’ group were associated with 18% (95% CI 0.68, 1.00)
lower risk of overweight. In the stratum of difficult temperament, children in the ‘few
choices’ group had a similar association with overweight as children in the ‘can choose
any’ group (RR=0.99, 95% CI 0.57, 1.67) but children in the ‘parent decides’ group were
associated with 13% lower risk of overweight than children in the ‘can choose any’ group
(RR=0.87, 95% CI 0.48, 1.56). However, the confidence intervals were wide, possibly due
to a small number of children in the difficult temperament category.
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There was little evidence of an effect-measure modification on the risk-difference and
risk-ratio scale of the association between parental feeding control and overweight by
temperament. For instance, on the risk-difference scale, the combined effect of parent
decided food intake and difficult temperament (0.81) was slightly lower than expected
(0.84) when summing the individual effects of parent decides and difficult temperament.
On the risk-ratio scale, the combined effect of parent decided food intake and difficult
temperament (0.81) was lower than expected (0.84) when multiplying the individual
effects of parent decides and difficult temperament. However, the confidence intervals
were wide, indicating high variability and inconclusive findings.

Table 7.9 shows effect-measure modification by temperament on the association
between parental feeding control and excess fat mass. Results for the fat mass outcome
were generally consistent with the overweight outcome in Table 7.8. However, as the
proportion of children with excess fat mass was small (10%) and there were fewer
children in the difficult temperament category, confidence intervals were very wide in the
stratum of difficult temperament.
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Table 7.8 Effect-measure modification by temperament on the association between parental feeding control and overweighta at age 15
years (n=7312)
Parental feeding control
RRs (95% CI) for RRs (95% CI) for
choice of few
parent decides
Choice of few
Parent decides
within strata
within strata
N
RR
N
RR
of temperament
of temperament
overweight/healthy
(95%CI)
overweight/healthy
(95%CI)
Temperament Easy
717/3069
0.87 (0.73,
345/1552
0.83 (0.69,
0.85 (0.71, 1.01)
0.82 (0.68, 1.00)
1.04)
1.00)
Difficult
20/77
1.01 (0.65,
137/555
0.98 (0.77,
50/237
0.81 (0.58,
0.99 (0.57, 1.67)
0.87 (0.48, 1.56)
1.60)
1.24)
1.14)
Measure of interaction on risk-difference scale: RERI (95%CI)
0.98-0.87-1.01+1=
0.81-0.83-1.01+1=
0.09 (-0.39, 0.58)
-0.03 (-0.56, 0.50)
Measure of interaction on risk-ratio scale: Ratio of RRs (95%CI)
0.98/(0.87*1.01)=
0.81/(0.83*1.01)=
1.10 (0.64, 1.89)
0.96 (0.52, 1.77)
RRs are adjusted for infant temperament, dietary patterns at 3 years, parental use of food to soothe, maternal education, sole parenting, financial difficulties, social class, home
ownership, maternal age, gestational age, birth weight, alcohol, smoking, maternal BMI, crowding index, maternal depression, number of other children, ethnicity, child not eaten
enough, child refuse right food, child choosy with food, child overeaten, and difficult to establish eating routine.
a
Overweight was defined using the International Task Force of Obesity (IOTF) age and sex specific BMI cut-offs (at age 15 years, 20% of the imputed sample were
overweight/obese)
Can choose any
N
RR
overweight/healthy
(95%CI)
131/422
1.00 (Ref)
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Table 7.9 Effect-measure modification by temperament on the association between parental feeding control and excess fat massa at age
15 years (n=7312)
Parental feeding control
RRs (95%CI) for
RRs (95%CI) for
choice of few
parent decides
Choice of few
Parent decides
within strata
within strata
N excess fat
RR
N excess fat
RR
of temperament
of temperament
mass/healthy
(95%CI)
mass/healthy
(95%CI)
Temperament
Easy
377/3409
0.80 (0.62,
174/1723
0.69 (0.52,
0.77 (0.59, 1.00)
0.69 (0.52, 0.92)
1.03)
0.92)
Difficult
11/86
0.81 (0.38,
78/614
0.98 (0.71,
23/264
0.66 (0.41,
1.33 (0.59, 3.01)
0.98 (0.41, 2.31)
1.72)
1.35)
1.07)
Measure of interaction on risk-difference scale: RERI (95%CI)
0.98-0.80-0.81+1=
0.66-0.69-0.81+1=
0.37 (-0.27, 1.01)
0.16 (-0.53, 0.85)
Measure of interaction on risk-ratio scale: Ratio of RRs (95%CI)
0.98/(0.80*0.81)=
0.66/(0.69*0.81)=
1.52 (0.67, 3.49)
1.17 (0.46, 3.01)
RRs are adjusted for infant temperament, dietary patterns at 3 years, parental use of food to soothe, maternal education, sole parenting, financial difficulties, social class, home
ownership, maternal age, gestational age, birth weight, alcohol, smoking, maternal BMI, crowding index, maternal depression, number of other children, ethnicity, child not eaten
enough, child refuse right food, child choosy with food, child overeaten, and difficult to establish eating routine.
a
Excess fat mass was defined as above the sex-specific 90th percentile, adjusted for age and height338
Can choose any
N excess fat
RR
mass/healthy
(95%CI)
82/471
1.00 (Ref)

221

7.4.4 Discussion
Using a large population-based cohort, the current analysis found little evidence of effectmeasure modification by temperament on the association between parental feeding
control at age 3.5 years and adiposity outcomes (overweight and excess fat mass) at age
15 years. Results confirmed that children with the least food choice at 3.5 years had
lower BMI and fat mass at 15 years than children with the most choice, but this effect was
comparable for temperamentally difficult and easy children.

The results presented here and those shown in Part 1 of Chapter 7, found very little
evidence to support an association between temperament and adiposity using two
different large population samples (ALSPAC and LSAC cohorts). Although the current
study included over 7,000 participants, there were problems with small numbers of
children in some subgroups, reducing the ability to draw meaningful conclusions. The
two other studies in this area have even smaller sample sizes (n=180 and n=197),
highlighting an inability of any study in this field to make strong inference.

One limitation of this analysis may be that self-regulation or inhibitory control, which
were temperament dimensions that are believed to have an impact on children’s eating
behaviours, were not measured.194,307 There is some evidence that the self-regulatory
aspects of children’s temperament (e.g. emotional, behavioural and attentional control)
are modifiable. For example, interventions to improve self-regulation of obese children
resulted in reductions to children’s body weight.339,340 However, in summing up, the
evidence from this chapter indicates that childhood adiposity is not strongly influenced by
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the temperament dimensions used here and that any future interventions would need to
involve different targets.
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Summary and Conclusions
The research described in this thesis has investigated the influence of temperament (0 to
5 years) and parenting (2 to 5 years) on children’s cognitive, academic and adiposity
outcomes in childhood and adolescence. The uniqueness of this body of work is that it
applied an epidemiological approach to examine effects of constructs from the field of
developmental psychology on cognitive ability, academic achievement and nutrition
outcomes. To enhance the robustness and rigor of this research, considerable effort was
taken to adopt advanced methodological approaches. The outcomes, IQ, school
achievement and adiposity, were collected by different informants (IQ measured by
psychologists, school grades reported by teachers and anthropometry collected by health
researchers), which are less subject to recall or social desirability biases compared with
self-reported outcomes. Furthermore, the research spans two population-based cohort
studies from different countries (Australia and the UK), and data were collected almost
two decades apart, with two commonly used measures of temperament.

The similarities in the results from these different cohorts, time periods and
temperament measures add robustness to the findings. It suggested that the weak or null
associations between temperament, parenting and children’s outcomes are consistent
over time and place, suggesting some generalizability to other similar contexts. In this
final chapter, key findings and contributions of this thesis are summarised, limitations are
discussed, and potential areas for future research are highlighted.
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8.1 Key findings and contributions
At the commencement of this doctoral program, the overarching goal was to examine the
long-held idea that the construct of innate or constitutional ‘temperament’ influences
outcomes that have life impact (cognitive ability, academic achievement and adiposity),
while also accounting for the influence of parenting. Although others have reported that
temperament was associated with cognitive ability and academic achievement, these
associations may be due to the influence of parenting, i.e. child temperament influences
parenting, which in turn, affects children’s cognitive and academic outcomes. Thus, this
goal comprised a main effect, effect measure modifying, and potentially mediation
investigations.

The association between temperament and cognitive and academic outcomes was
unexpectedly weak in the cohort of Australian children (Chapter 5), with the only
convincing association for the temperamental dimension of persistence. The exploration
of this study is timely because of considerable interest in temperament as a means to
improve academic achievement, for instance, by improving persistence.9,117 Nevertheless,
the small associations between temperament and both cognitive and academic
achievement became the motivation to test the concept of differential susceptibility. In
epidemiology this is equivalent to effect measure modification. That is, the theory that
temperamentally difficult children are more susceptible to the negative effect of
parenting practices on a range of different outcomes than temperamentally easy
children. The concept of differential susceptibility was explored in a UK cohort because of
its large sample, diversity of variables and longitudinal follow-up (Chapter 6). Results
were somewhat consistent with the differential susceptibility theory, in that the impacts
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of parenting on IQ were different for temperamentally easy compared with difficult
children, but the effects were in the opposite direction to those expected. The results
indicated that parental warmth and control did not substantially alter the increased risk
of having a low IQ among temperamentally difficult children, but lower warmth and
higher controlling parenting did appear to increase the risk of a low IQ among
temperamentally easy children. While this is not consistent with the differential
susceptibility model, it is logical that children with easy temperament benefit from
warmth and less controlling parenting. The lack of support for the differential
susceptibility model in children with difficult temperament may be due to a small sample
of temperamentally difficult children that resulted in wide confidence intervals. Studies
with larger samples may be required to further investigate the differential effect of
parental warmth and control amongst temperamentally easy and difficult children.

The next focus of the research extended investigations to examine the influences of
temperament and parenting on adiposity outcomes. Despite examining temperament
and BMI in both the Australian and UK cohorts, there was little to no effect of
temperament on BMI (Chapter 7, Part 1). With little evidence of temperament on BMI,
the focus of this thesis shifted from temperament to parenting practices as the exposure
of interest. Parents play important roles in children’s eating, and early feeding practices
are believed to shape children’s later eating habits and food preferences, which may then
have a longer term impact on health.316 Although effect sizes were small, findings
suggested higher parental feeding control was associated with lower BMI and fat mass
and this association became stronger with age (Chapter 7, Part 2). This was another
unexpected finding as parental feeding practices have been the focus of many childhood
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obesity prevention interventions192 with the general sentiment that lower parental
control of child eating is better for adiposity.318 The mechanism behind this idea is that
children may have lower self-regulation in energy intake and are more likely to eat foods
that are restricted by parents if parents are highly controlling.341 This contradiction in
findings could be due to the way in which parental control was measured in the ALSPAC
cohort 15 years ago, which was more about the child’s choice of foods and did not
encompass recent, more structured questionnaires for measuring parental control that
include other overt and covert controlling practices. As the finding on the association
between parental control and BMI was inconsistent with the literature, this thesis then
further examined whether the association between parental feeding control and
adiposity may differ in children with different temperaments. Findings showed null
effects of parental feeding control on adiposity among temperamentally difficult children,
but higher parental feeding control was associated with lower BMI and fat mass among
temperamentally easy children (Chapter 7, Part 3). These findings are contrary to the
literature which suggests that children with difficult temperament are more likely to have
higher BMI when parents are highly controlling because they are less able to resist the
temptations of palatable foods than children with easy temperament.

One of the most notable contributions of the research in this thesis was the large number
of null and weak associations. This is in contrast to the generally stronger findings
reported in the fields of developmental psychology and nutrition. There are several
possible reasons for the differences in the current findings and previous research which
are discussed below:
1. Confounding adjustment
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Studies of temperament and cognitive and adiposity outcomes often have poor
adjustment for confounding,63,342 which is likely to result in inflated (biased) effect
estimates. Adjusting for confounding in observational studies is important so that
the exposed and the unexposed groups are ‘exchangeable’ and excludes the
confounders as an alternative explanation to the observed association between
the exposure and the outcome.217 While randomised trials have the advantages of
making causal inference, in some situations observational studies are needed to
answer certain research questions.279 With the goal of achieving conditional
exchangeability, observational data are analysed as if the exposure had been
randomly assigned, conditional on all the measured covariates.217 In most
situations, adjustment for confounding attenuates an effect estimate. By not
adjusting for all known confounders, the effect estimate remains biased.343
Residual confounding can also be a problem with confounder measurement, as
poorly measured confounders can also leave effect estimates open to bias.344
2. Sample size and power
Many studies in psychology have small sample sizes that generate low statistical
power and therefore, a lower probability of discovering effects that are genuinely
true.345 Low-powered studies are likely to result in widely varying effect estimates
and are more likely to have inflated effect sizes.346,347 This is because in small
studies, results are more uncertain and fluctuate more in response to analytical
changes.345 Added to this, there is also a potential of publication bias in smaller,
underpowered studies where stronger positive results are more likely to be
reported and published.347,348 Interestingly, the problem of publication bias from
small underpowered studies has led to the ‘replication’ movement in psychology,
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where some studies have been independently tested for reproducibility.349 From
100 studies across the field of psychology, as little as 39% of studies were
replicated, which raises concerns more broadly and might explain the null effects
observed in this thesis.349 Studies that reported associations between
temperament and cognitive, academic or adiposity outcomes typically involved
sample sizes of less than 200.63,139,171,350

3. Measurement of temperament
It is possible that the associations between temperament and outcomes mainly lie
in sub-dimensions such as ‘inhibitory control’ that are not measured in this
research. However, this thesis attempted to explore the associations between
different dimensions of temperament (e.g. persistence, reactivity) on cognitive
and adiposity outcomes where possible and the small effect sizes were consistent
across different temperament dimensions. The psychometric properties of the
temperament questionnaires used in the thesis (the RITQ and the STST) have
shown moderate to good reliability (see Section 3.1.1.3 and 3.1.2.4). The RITQ has
been used in many large-scale, longitudinal studies including the Millennium
Cohort Study and the Helsinki Longitudinal Temperament Study.254,256 The STST
was developed from a large sample of Australian children.59 Typically parents or
carers report temperament profiles for young children and although this could be
a source of information bias, there is some evidence of consistencies between
parent-reported temperament and independent observer ratings.55 Thus,
although there may be differences in measures, it seems unlikely that using selfreported temperament data would attenuate or nullify the association.
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4. Construct validity
The idea that different children have different ‘temperaments’ has a common
sense meaning that is easily recognisable by parents, family and the wider public.
Indeed, it is almost obvious that in some sense different ‘temperament’ does exist
in the world. Given that the importance of the concept of temperament has been
demonstrated in decades of research, the failure of this thesis to find any strong
associations with valued outcomes in cognitive ability, academic achievement and
adiposity outcomes may due to the possible reasons suggested above, but it is
also possible that temperament does not actually influence the outcomes under
investigation in this thesis to a great extent, or at least the broad-brush concept of
temperament. While decades of research have generated many plausible theories
or models of temperament, it is not clear whether the findings (e.g. the
associations between temperament and cognitive ability) might differ if other
temperament tools were used. However, in part 1 of Chapter 7, associations
between temperament and adiposity were consistent even when different
temperament tools were used. While it is true that parents and carers can identify
different temperaments constructs exhibited by children and that the
psychometric properties of temperament can be reliably measured, it is possible
that the temperament of infants and young children has no lasting effects on the
outcomes measured in this research.

During the course of this doctoral work, it became apparent that the different theories of
temperament continue to be highly contested by clinicians, researchers and academics.
Users of temperament questionnaires and reviewers often favour one particular theory
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or approach and are critical of the use of other theories or tools. A case-in-point is the
criticism of the first publication from this research (Chapter 4) by the developers of the
RITQ questionnaire which we include as Appendix K. This work was fundamental for
understanding how the RITQ performed in a different sample from which it was validated,
and was crucial to be able to answer the other research questions of the thesis. The
findings suggested the UK sample were more “difficult” (i.e. had higher means) on
numerous temperamental dimensions than the US standardization sample, which would
have resulted in more children being misclassified as “difficult” if US norms were applied
(24%) than using empirically-derived ALSPAC norms (15%). Historically, much
temperament research has been conducted in clinical samples and in responding to
criticisms of this work (Appendix L), it became apparent that there is little appreciation of
data collection processes for large-scale population-based studies like LSAC and ALSPAC.
Decisions about which temperament data are to be collected occurs many years in
advance of outcome measurements – this has to occur for researchers to investigate
long-term effects of early life exposures. While large population-based longitudinal
cohort studies and contemporary epidemiological methods have not been widely used in
developmental psychology and nutrition, the flip-side of this view is that there remains an
enormous opportunity to generate more rigorous work in this area through multidisciplinary collaborations and applying more advanced statistical methods.

8.2 Limitations and future directions
Limitations of each individual study have been discussed in the relevant chapter and will
not be repeated here. This section focuses on general limitations of the thesis and
potential areas for future research.
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Although this thesis has the advantage of using data from two population-based studies
to help triangulate the findings, both ALSPAC and LSAC shared some similarities in cultural
backgrounds. The associations between parenting and temperament on cognitive and
adiposity outcomes may vary in different cultural groups. For instance, the effect of
parental control on IQ may be different in European compared with Asian cultures.95
Hence, future research may consider using cohorts with different cultural and ethnicity
backgrounds to give more insight.

As with other longitudinal studies, parenting practices and child temperament were solely
dependent upon parents’ (usually mothers’) self-report and this may be subject to
response bias. For instance, most parents reported that they showed high levels of
warmth and affection to their children. Moreover, using a single informant (mother) to
report parenting and child temperament may be influenced by the mother’s personality
or experience. Using multiple informants and direct observation may increase the validity
of the parenting and temperament data, however, it is more practical to use parentreported questionnaires than direct observations in large-scale population studies due to
cost, time and labour constraints.

In studies 3 and 4, although the associations between parenting and IQ and adiposity
were adjusted for child temperament, these adjustments may not rule out the possibility
that parenting and child temperament may influence each other bi-directionally (i.e.
parenting may be an effect of child temperament and parenting also affect child
temperament).351 However, analyses in this thesis have included a wide range of
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confounding factors, it is unlikely that results would have differed greatly from what is
observed here.

In Study 4, the parental feeding control was measured using a single item about the
extent of the child was given food choices. There is not a standard definition and measure
of feeding control. A better clarification of what is meant by feeding control is needed
and questionnaires that cover overt and covert control may give more insight into which
practices are considered “bad” for the child’s BMI and which practices are “good” for the
child’s BMI.

8.3 Implications and recommendations
Despite the evidence from previous studies that suggested temperament may be a means
to improve academic achievement,9,117 findings from this thesis suggested the effect sizes
of temperament dimensions of approach, reactivity and persistence and cognitive and
academic outcomes are very small. Although persistence has the largest effect on
cognitive and academic outcomes, temperament encompasses multiple dimensions
including approach and reactivity that have little effect on outcomes. Improving child
temperament e.g. persistence per se may not be the key approach to improve academic
skills. Interventions that encourage supportive parenting and reduce harsh parenting (e.g.
use of verbal and physical punishments) may be beneficial for children’s cognitive
outcomes. Efforts to reduce childhood overweight may need to adopt a more direct
approach that intervenes on nutritional intake or food environment rather than focusing
on improving child temperament or parental feeding control itself. This is particularly
evident given that the high-quality and high-intensity randomised controlled trials (e.g.
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involving home visits by nutrition-trained health care workers), which target parenting
feeding behaviours have shown negligible effects on children’s BMI.192,334 Stronger
evidence, preferably from randomised controlled trials of parenting interventions, are
needed before any further recommendations can be made.

8.4 Concluding remarks
Using two large, longitudinal observational studies from different countries, different
temperament tools, and measures of temperament at different ages, the research in this
thesis indicated that the effect sizes for temperament on cognitive, academic and
adiposity outcomes are at best, very small. Parental warmth and control had small effect
sizes on children’s IQ while higher parental feeding control was associated with lower
adiposity. The differential susceptibility theory, suggested by previous psychological
studies that temperamentally difficult children were more vulnerable to the detrimental
effects of negative parenting, was not supported. Interventions to improve cognitive,
academic, and adiposity outcomes may need to involve a broader environmental context
than improving temperament per se.
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8.5 Appendices
Appendix A is a commentary from the RITQ developers on the first paper in this thesis
(Chapter 4). The commentary was published in the journal Infant Behavior and
Development in August 2015. The two RITQ developers have shown strong reactions on
the first paper. Appendix B is the authors’ response to the commentary which was
published in the journal Infant Behavior and Development in August 2015.
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Appendix K Carey WB, McDevitt SC. Commentary on paper by Chong et al. "How
many infants are temperamentally difficult?"40 (2015) 20–28. Infant Behav Dev.
2015;41:167-168.

A recent paper in this Journal by Chong et al. “How many infants are temperamentally
difficult?” (40:20-28;2015) concluded that the scoring procedures for the Revised Infant
Temperament Questionnaire (RITQ), which were based on a smaller sample 40 years ago,
are incorrect and should be replaced by their recent data from their larger population of
over 10,000 infants in the UK. They also claim that they found a larger percentage of
difficult infants than was established by our earlier data. The study is of interest to
temperament researchers but has not accomplished its stated goal of providing better
norms for the scale. There are several reasons for their failure.

1) Need to restandardize for use abroad. We have maintained and urged for decades that
when one of our temperament scales is used in another culture, even where the language
is superficially similar, the scale should be restandardized. (Carey 2009). Differences in the
meanings of words and varying cultural values of behaviors cause differing interpretations
of the items with resulting shifts in the outcome of the measure. Small variations in
understanding of the words may make an item load onto a different trait. There are also
some differing cultural views as to what constitutes temperamental difficulty. See Super
et al. (2009) (Most differences in scores of the traits discovered by this study were small,
less than ½ SD in all. but one trait.
2) Removal of items. The elimination of 7 items because they were not rated frequently
enough both confirms the difference in their study populations and helps to explain some
of the variation in results.
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3) Selection of subjects. We are not told how the subjects were selected. What was the
refusal and dropout rate? Were worried parents more likely to participate? By contrast,
our standardization sample was drawn from two diverse but compliant suburban
American pediatric practices. Those participating from Dr. Carey’s practice in a suburb of
Philadelphia were 95% of the eligible infants invited
4) The elimination of the “slow to warm up” (STWU) diagnostic option. The avoidance of
the original slow-to-warm-up classification, urged by the original Chess and Thomas
(1986) system and mentioned in the original publication of the ITQ (Carey, 1970) probably
inflated their count of designated difficult infants in their results. The two groups difficult
and STWU, are very closely related.
5) Misunderstanding of the phenomenon of temperamental difficulty. The early work of
Chess and Thomas (1986) and Carey (1970) made use of the several diagnostic clusters for
their studies of their behavioral problem outcomes. However, we clinical users of these
clusters learned long ago that a questionnaire rating of difficult or easy often does not
agree with the parental general perception of difficulty, an evaluation revealed by the
rater in the final question on the scale. We have come to realize that, while certain traits
are temperament risk factors, what matters clinically is how the parents view and interact
with them, the goodness or poorness of fit. Unfortunately some users, especially
academic researchers, continue to view difficult temperament as a numerical score on a
scale, not as a demonstrable significant mismatch between a normal but aversive child
and parents who did not get a temperament they like and want.
Any researchers, clinical or academic, wanting further clarification of these points or
guidance in constructing definitive studies elsewhere, should feel welcome to contact us
for help and support. We have gladly been responsive to many attempting to use our
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scales in other places. One of us (WBC) helped to evaluate the translation and
backtranslation check, which we advise for moving to a different language, and to select
the appropriate items in the foreign language version in Italian. (Axia 1993).
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As stated in our manuscript,244 our aim was to compare the original norms (means,
standard deviations) published for the Revised Infant Temperament Questionnaire
(RITQ)42,202 with norms empirically derived from a large (n=10937) population sample of
UK infants, and to compare the categorisation of temperament using these two different
norms. Our paper highlights problems with applying the norms published in the RITQ to
the UK population, such that misclassification of temperament types (e.g. easy, difficult)
must be occurring for the two norms to arrive at profoundly different temperament
profiles within our sample. Here we first respond by correcting errors, and then by
providing discussion of each of the five points made in a commentary on our article by
two renowned temperament researchers.352

Errors in the Carey & McDevitt Commentary
Carey & McDevitt352 state that we wanted to replace the scoring procedures of the RITQ
with our UK data and that our goal was to provide “better” norms. We made no such
claims. Rather, we suggested that the norms from our study may be more appropriate for
use with UK infants, and across all countries and contexts, we advocated a need for more
up to date norms than those derived in 1978 from a small clinical sample.
Carey & McDevitt 352 state that we found a larger percentage of difficult infants than was
established by their original data. This is patently incorrect and in fact, the opposite is
true. This point is easily resolved by reading the abstract. To reiterate here, when
applying the original RITS norms to our dataset, 24% of children were categorised as
having difficult temperament, whereas only 15% were categorised as difficult when
empirically-derived norms are applied.244
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Response to the Carey & McDevitt Commentary
Need to re-standardise the RITQ: We agree with Carey & McDevitt that culturally
appropriate and contemporary norms are urgently required for the RITQ to be useful for
current paediatric practice. Super et al.353 show that there are differences in
temperament across settings, and Smart & Sanson68 show secular changes in
temperament measured within a country over a 20-year period (also known as cohort
effects). Our data agree with Carey & McDevitt that the differences in temperament
subscale scores between our data and the original RITQ were less than 0.5 SD across all
RITQ subscales (ranging from 0.1SD to 0.4SD) except Adaptability (which was 0.7 SD).
However, our research went further to clearly show that seemingly small differences in
the distribution of temperamental subscales can lead to large differences when
categorising children to temperament types (e.g. difficult).

Removal of items: Some items in the RITQ are unanswerable for some infants. For
example, the question, ‘The infant is fussy or moody throughout a cold or an intestinal
virus?’ cannot be answered by carers of 6-month-old infants who have not yet
experienced a cold or an intestinal virus. In our study, this and other questions were
removed following 10% non-response during pilot testing. The values for internal
consistency that we reported were similar to those published for the RITQ. Super et al.353
put forward a strong case for removing questionnaire items to obtain more culturally
appropriate measures of temperament. Carey & McDevitt352 cite Super et al.353 to argue
the need to re-standardise the RITQ but they failed to acknowledge that Super et al353
also removed items for cultural reasons, as we did in our study.
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Selection of subjects: Detailed information about the cohort is provided in the methods
section of our paper. To recap here, the 10937 children included in our study were from
the Avon Longitudinal Study of Parents and Children (ALSPAC). ALSPAC is an extremely
well-established, population-based cohort from the Avon area in the UK. Enrolment to
ALSPAC was open to all women living in the Avon area and is estimated to include 72% of
the local population.197 The sample is considered representative of the area at the time of
enrolment in 1991-1992.197 The recruitment did not specifically seek carers who were
worried about their child’s temperament, although such participants will have been
included due to the population-based nature of the sample. By comparison, the RITQ
norm sample involved only 203 children from advantaged backgrounds who were
brought to the clinics of one paediatrician known for his temperament research. The
sample of “eligible infants” in the RITQ norm sample was small and not representative of
the population, and thus a high participation rate of 95% will still have produced a small
non-representative sample of children. Furthermore, compliance of 95% by Carey &
McDevitt352 could be indicative of a highly motivated sample with respect to concerns
about children’s temperament and/or clinical care. Thus ALSPAC is a very large relatively
unselected study population in comparison to the small clinical sample used to norm the
RITQ.

‘Slow-to-warm up’ (STWU) infants: We did not include the STWU category in our study for
two reasons. First, information on the categorisation of temperament types is not
provided in the RITQ manual and therefore we used the categorisation recommended by
Carey,41 which does not include a well-defined STWU category. Second, Carey291 has
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previously argued that staying true to the original concept of “difficult” temperament is
needed for progress on research and practice.

The phenomenon of temperamental difficulty: Knowledge about temperament is not the
exclusive domain of clinicians. Academics have advanced the study of temperament even
when they do not practice as clinicians. We acknowledged the ‘goodness of fit’ in our
paper and how parenting advice might be tailored according to the temperament of the
child. As we see it, a carer’s response to the final question on the RITQ about ‘goodness of
fit’ is only part of the characterisation of child temperament. If it were the whole picture,
then the RITQ in its current form would no longer be needed, as we could simply ask this
one question.

Regular re-norming of psychometric tools is standard practice. Indeed, the adult version
of the RITQ (the Adult Temperament Questionnaire 2nd Edition) was updated in 2008 and
2013 (https://www.b-di.com/atqweb.html). Given that the norms for the children’s RITQ
haven’t been updated since 1978 it would be wise for current and future users of the
RITQ to consider whether their use of the RITQ is appropriate for contemporary settings
(depending of course on the intended use of the RITQ). Re-norming is both important
within a country over time, and across countries and cultures at a point in time. Ironically,
Carey & McDevitt claim to endorse the collection of culturally-specific norms but
disparage research (such as ours), which generates the evidence to show that more
appropriate norms are required.
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