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the Strength and Difficulties Questionnaire (SDQ) 27 and the Infant-Toddler Social and Emotional 

Assessment (ITSEA) 28. These scales are empirically validated clinical scales that have been shown to 

have satisfactory psychometric qualities including high predictive ability, stability over time, and 

replicability 24,29,30. The use of these dimensional scales can be seen as improvements over the 

categorical approach to psychopathology that was historically employed and that proved to be relatively 

unstable and had low agreement among clinicians and across settings 31. Moreover, the use of these 

measures aligns with recent empirical evidence 32 and increasing nosological efforts (such as that driven 

by the Hierarchical Taxonomy of Psychopathology [HiTOP] Consortium) to define psychological 

variables on dimensional, as opposed to categorical 33,34.  

Recently, the American Psychiatric Association (APA) recognised the utility in using continuum 

bands to understand mental health disorders in the 5th edition of the Diagnostic and Statistical Manual 

of Mental Disorders (DSM-5) 35 where they endorsed the utility of broad band grouping of disorders 

(e.g., INT and EXT dimensions). Nevertheless, to foster the clinical utility and applicability of these 

constructs, further work is needed in the identification of assessment procedures that are reliable in 

discriminating levels of clinically relevant symptomatology. 

The DSM 5 partitions INT disorders into 7 clusters: 

1. Neurodevelopmental Disorders 

2. Schizophrenia Spectrum 

3. Mood Disorders 

4. Anxiety Disorders 

5. Obsessive Compulsive and Related Disorders 

6. Trauma and Stress Related Disorders 

7. Feeding and Eating Disorders 

In this thesis, among the internalising disorders identified by the DSM-5, I primarily focus on 

mood disorders (except bipolar disorder) and anxiety disorders. Wherever possible, I examined 

internalising problems as a dimensional outcome based on recent recommendations 33,36. This approach 

is not just useful for determining the presence of internalising problems in the context of research but 
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Recent studies have proposed different causal models to better understand this phenotypic overlap 

between anxiety and depression and explain why personality factors (such as neuroticism) relate to 

psychopathology (such as internalising disorders) 73: 

1) There is a shared aetiology (spectrum or continuity model)  

2) One of the two factors has a causal role in the onset and development of the other 

(predisposition or scar model) 

3) One factor influences the presentation of another (exacerbation model).  

As illustrated in Figure 2 of the work of Kotov et al 36, a central importance has been placed on the 

spectrum model in fostering the understanding of the relationship between personality and HiTOP. 

Neuroticism (or negative affectivity) may play a dominant role in the onset and maintenance of 

internalising problems. In fact, it has been increasingly suggested to conjugate the research on 

psychopathology with the research on temperament and personality disposition74. There is abundant 

evidence that dispositional dimensions such as negative affectivity (i.e., neuroticism) is associated with 

psychopathology across the lifespan 75. These dispositional factors not only predict later onset of 

psychopathology (such as internalising disorders), but they predict the correlation among specific 

disorders within the higher category (e.g., specific anxiety disorders within the internalising category), 

among specific externalising diagnoses (such as ADHD and ODD), and between internalising and 

externalising disorders 68.  

Furthermore, genetic correlation techniques can provide insight into common genetic architecture 

across two traits. For example, Jami et al 76 identified a strong genetic correlation between the overall 

internalising score and measures of MDD (genetic correlation, rG: 0.72, 95%CI: 0.53-0.91), anxiety 

(rG: 0.76, 95%CI: 0.50-1.02), and neuroticism (rG: 0.76, 95%CI: 0.56-0.96), indicating a strong shared 

genetic liability across these mental health difficulties over the lifespan. In addition, several twin and 

family studies have provided extensive evidence in support of the hypothesis that mood and anxiety 

disorder symptoms have a common aetiology based on a unidimensional factor (i.e., internalising 



Introduction 1a 

10 
 

factor) 77,78. The accumulating evidence for strong genetic overlap across mental health disorders may 

indicate that the different phenotypic manifestations of these problems may be due to trait-specific 

environmental influences 79. 

1.3.3 Longitudinal associations between internalising problems and later 

psychopathology 

Experiencing internalising problems in childhood is associated with later development of 

psychiatric disorders both homotypically and heterotypically 67,80,81. Long-term prospective studies 

13,82,83 have highlighted continuities between child and adult mental health, with over half of disorders 

in young adulthood preceded by a psychiatric disorder in childhood 83, including strong persistence and 

recurrence of childhood psychiatric conditions into adulthood 84,85. Sallis et al 80 employed structural 

equation modelling (SEM) in three prospective cohort studies of children aged 4-8 years to explore 

longitudinal associations between internalising and externalising problems, general psychopathology 

(i.e., shared variance between internalising and externalising factors) and subsequent psychological and 

functional outcomes at either 18 or 21 years of age. Specific internalising problems, but not specific 

externalising problems, were associated with detrimental outcomes in adolescent such as increased risk 

of depression and anxiety, decreased well-being and failure at mathematics General Certificate of 

Secondary Education (GCSE), after adjusting for the shared psychopathology factor. However, despite 

the longitudinal nature of their research, the authors did not model the data longitudinally, characterising 

how internalising and externalising symptoms behaved over time. Conversely, Doering et al 86 used an 

ongoing longitudinal study of twins in Sweden (n=4,492) to investigate the association between anxiety, 

depression, and neurodevelopmental disorders at age 9 with internalising problems at age 15. They 

found that childhood symptoms of anxiety and depression only moderately explained (12.7% total 

variance explained) internalising problems in adolescence, with depressive symptoms being weakly 

associated with internalising problems compared to anxiety symptoms. The study suggested that some 

age-dependent effects may be playing a role in the explored associations.  
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problems are often considered or investigated in parallel (Chapter 2) or as secondary outcomes 

(Chapter 3 and 4). 
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transmission of internalising problems. In addition, some of these factors, such as timing or severity of 

the maternal depression, presence of a supportive parental figure 144, are likely to moderate (i.e., 

strengthen or reduce) the risk of intergenerational transmission 18.  

Disentangling genetic, shared (c2), and non-shared (e2) environmental pathways is a complex 

task for several reasons (some reviewed here 145,146). As mentioned in Section 1.8, historically, two main 

pathways of transmission were discussed: genetic or biological and cultural or environmental. Within 

these two broad categories, and aligned to multicausality and equifinality concepts, four main pathways 

have been proposed: heritability (genetic); innate dysfunctional neuroregulatory mechanisms 

(biological); exposure to negative maternal cognitions, behaviours, and affect (environmental); and the 

stressful context of children's lives (environmental) 18. Whilst emerging evidence has supported the 

relevance of all these pathways, with heterogeneity in effects across ages, here I focus primarily on the 

heritability of the disorders (i.e., genetic) and on the potential role of parenting (i.e., environmental) as 

pathways of interest to internalising problems.  

Identifying mechanisms that contribute to the intergenerational transmission of internalising 

problems is of fundamental importance for reducing the public health impact of these disorders. Given 

limitations of uniquely employing self-report approaches to investigating risk factors for internalising 

problems, adopting a multi-method approach (i.e., a child polygenic risk score for neuroticism, NEU 

PRS, and internalising trajectories in Chapter 2, evidence synthesis exploring the effectiveness of 

interventions targeting internalising problems in Chapters 3 and 4, cognitive modelling in Chapter 5 

and analysis of observed parent-infant interactions in Chapter 6) may prove advantageous 147,148. 

Combining phenotypic measures at different levels of analysis (e.g., genetic, observed and reported 

behavioural traits, and cognitive) may enhance our understanding of mechanisms underlying 

psychopathology and its transmission 149.  

 

 
individual can develop a psychiatric disorder 800. For example, different life experiences, such as parental 
divorce, various forms of adverse event, parental mental health difficulties, can lead to the same outcome (e.g., 
child internalising problems).   





Introduction 1b 

22 
 

effects at younger ages and stronger effects in adulthood 166, we are still far from understanding how 

these factors interplay with each other in the onset of mental health problems.  

1.9.1.1 Genetic liability to internalising problems 

The genotypic characterisation of internalising problems as manifested in childhood is far from 

being understood, with the most recent GWAS of internalising problems (n=64,641 children and 

adolescents between 3 and 18 years of age of European ancestry) 76 not able to identify any genome-

wide significant SNPs associated with internalising symptoms. Genetically informed study designs, 

such as twin and adoption designs, can help to ascertain whether the associations between parental risk 

factors and child emotional and behavioural outcomes are influenced by direct environmental effects or 

shared genetic factors, and often constitute an improvement in accounting for genetic and shared 

environmental confounding factors over traditional observational studies 167,168. A recent twin-family 

study suggested that genetic influences account for around 32% of the variance in internalising 

problems 169, with non-shared environmental (e2) factors explaining the largest variance component and 

shared environment (c2) explaining 12% of the variance in internalising problems. These findings align 

with a meta-analysis of over 14 million twin pairs which reported an approximately 50% heritability 

estimate for psychiatric disorders and that c2 accounted for roughly 20% of the variance 152. Similarly, 

a meta-analysis170 (k=490) of genetically informed studies that included twin-sibling or adoptive-sibling 

studies to explore the effect of e2 and c2 on a host of child mental health difficulties, including 

internalising problems, found that c2 accounted for 12-16% of the variance for internalising problems. 

Taken together, these studies suggest a clear role, albeit relatively small, for c2 in the development of 

psychopathology. However, these estimates are likely to be conservative due to violation in the 

normality assumptions that are required in the statistical models that are usually employed (e.g., 

maximum likelihood estimation,  MLE) 170,171.  

Waszczuk et al. 172 analysed data from two population-based prospective twin studies in the 

UK to explore the phenotypic correlation between anxiety and depressive factors and to examine the 

underlying genetic structure of these traits across three life-stages: childhood, adolescence, and young 

adulthood. They found little evidence supporting an underlying internalising factor explaining anxiety 
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1.12  Aims and objectives 

The objective of this thesis was to explore pathways of intergenerational transmission of parent 

mental health difficulties to internalising problems in children using epidemiological, experimental, and 

meta-analytic methods.  

The specific aims were as follows:  

1. Explore how a genetic liability to neuroticism manifested in infancy and childhood and 

associated with severity and rate of change of childhood internalising trajectories in a UK-based 

birth cohort study. 

a. Investigate the association between genetic liability for a known adult risk factor for 

depression and anxiety (i.e., neuroticism), and a host of psychological symptoms in 

infancy and childhood (Chapter 2).  

b. Characterise trajectories of internalising problems in children, as compared to 

externalising problems (Chapter 2). 

c. Explore how a neuroticism PRS associated with the estimated internalising and 

externalising trajectories (Chapter 2). 

2. Identify which parenting interventions and parenting intervention components are more 

effective at preventing internalising problems. 

a. Review literature on previous meta-analyses of RCTs of parenting interventions and 

provide a detailed description of the methods I would use in Chapter 4 (Chapter 3).  

b. Synthesise the literature of RCTs of early parenting interventions for reducing 

internalising problems (and secondary outcomes) in children and adolescents (Chapter 

4).  

c. Meta-analyse the identified trials using a Bayesian network meta-analysis and a meta-

regression framework to identify the most effective treatment and relevant effect 

modifiers (Chapter 4).  
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Table 1.1. Summary of thesis aims, research questions, and methodological approaches. 
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Objectives Chapter Specific Aims Methodological approach Data sources 

Exploring how a genetic 
liability to neuroticism 
manifested in infancy and 
childhood and associated with 
severity and rate of change of 
childhood internalising 
trajectories. 
 

2 and Appendix 
A 

Investigating the association between a 
neuroticism PRS and a host of 
psychological symptoms in infancy and 
childhood. 

Polygenic risk score analysis and 
multivariable linear and ordinal regression 
to investigate the association between child 
neuroticism polygenic risk and a host of 
psychological outcomes including 
temperamental traits, emotional and 
behavioural problems, and possible 
psychiatric diagnosis.  

Genetic and 
phenotypic data 
obtained from the 
ALSPAC birth 
cohort. 

Characterising trajectories of 
internalising problems in children, as 
compared to externalising problems and 
exploring how a PRS for neuroticism 
(NEU PRS) associated with the 
estimated internalising and 
externalising trajectories. 

3-level linear mixed effect models to 
estimate internalising and externalising 
trajectories across childhood and investigate 
the association between the NEU PRS and 
overall trajectories levels and how they 
changed over time.  

Genetic and 
phenotypic data 
obtained from the 
ALSPAC birth 
cohort. 

Exploring the robustness of the findings 
to attrition, differential misclassification 
of the outcome, genetic confounding, 
and pleiotropic effects. 

Several sensitivity analyses to test the 
robustness of our findings including 
multiple imputation, sensitivity analyses to 
test differential misclassification of the 
outcome, adjustment for maternal NEU PRS 
as confounding factor of the association, 
restricting the NEU PRS to GWAS-
statistically significant SNPs to reduce 
pleiotropic effects and test causal 
relationships. 

Genetic and 
phenotypic data 
obtained from the 
ALSPAC birth 
cohort. 
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Objectives Chapter Specific Aims Methodological approach Data sources 

Identify which parenting 
interventions and parenting 
intervention components are 
more effective at preventing 
internalising problems. 
 

3 & 4 

Reviewing the literature on previous 
meta-analyses of parenting 
interventions and providing a detailed 
description of the methods I would use 
in Chapter 4. 

Reviewing existing literature to refine 
question, hypotheses, Population, 
Intervention, Comparison and Outcomes 
(PICO), and methods.   

Around 50,000 
studies being 
screened for 
eligibility (i.e., 
20,000 first search + 
30,000 updated 
search, and 
screening of 
references lists and 
citation indexes).  
 62 RCTs were 
included in the 
systematic review 
and 59 RCTs were 
included in the 
NMA.  

Synthesising the literature of 
randomised controlled trials of early 
parenting interventions in reducing 
internalising problems (and secondary 
outcomes) in children and adolescents 
and assessing risk of bias of included 
studies. 

Double-blind systematic review of the 
literature, data extraction, and assessment of 
bias risk using the Cochrane Risk of Bias 
Assessment Tool-version 2 (RoB-2).  
 

Developing a taxonomy to categorise 
parenting interventions and their 
components into meaningful groups for 
analyses 

Reviewing literature and consulting with 
researchers.  

Identifying the most effective 
intervention groups and exploring the 
robustness of the findings through 
sensitivity analyses.  

Bayesian NMA was employed to 
investigate the effectiveness of different 
groups of interventions in reducing 
internalising problems. Network plots, 
deviance information criterion (DIC), and 
between-study heterogeneity were explored.  

Exploring the effect of pre-specified 
modifiers and intervention components 
in the effectiveness of the identified 
interventions.  

Component-based NMA (full-interaction of 
intervention components). Random-effects 
meta-regression of effect modifiers and 
intervention components.  
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Objectives Chapter Specific Aims Methodological approach Data sources 

Preliminary characterisation 
of patterns of visual attention 
and facial expression during 
at-home parent-child 
interactions.  
 

Appendix 
Chapter 6 

Develop an exhaustive coding manual 
that could be employed to micro-code 
parent-infant interactions. 

Literature review of existing coding systems 
for parent-child interactions alongside 
piloting of the coding scheme when coding 
test parent-child interactions. 

 

6 

Use developed manual to micro-code 
ALSPAC families and describe patterns 
of behaviours in association with 
antenatal depression and personality 
difficulties.   

Micro-coding of 142 observations for 5 
minutes of parent-infant interaction at-
home. Unadjusted and minimally adjusted 
bivariate 2-level models to explore the 
association between depressive symptoms 
and personality difficulties and the total 
duration of different facial expressions and 
visual attention behaviours. 
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Figure 4.1. Study selection process. 
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In each trial, participants were asked to select one of the two bandits (i.e., teddy bear toy or duck 

toy) and were then provided with one of: positive feedback; negative feedback; or neutral feedback. 

The probabilities of these outcomes varied according to the underlying reward structure (Figure 5.2), 

such that the bandit that was most beneficial changed over time. The bandits remained in the same 

spatial location on every trial, but their location was randomised between participants (e.g., teddy bear 

was either always on the left or on the right for a given participant). 

Figure 5.2. Reward structure of maternally adapted task in Study 1 and Study 2. 
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Figure 5.5. This figure illustrates participants' flow in Study 1 and Study 2. 
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the interactions and infant signals to the caregiver, may aid learning processes of relevant aspects of 

behaviour in infants in real life interactions. 

In the next chapter, I explore in more detail how antenatal and preconception mental health 

difficulties associate with non-verbal behaviours that are important for emotional and attentional 

connections in relationships (i.e., facial expressions and visual attention), during at-home parent-infant 

interactions when the infant is 6 months of age.  
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and infant facial expression and visual attention using the micro-behavioural observation coding system 

660.  

6.3.3.2 Video recording procedures using the headcams 

In this study, attempts were made to remain faithful to the principle of ecological validity by 

focusing on naturalistic interactions between parents and infants in the setting of their own home and 

without the presence of an external observer. Studying dyads at home without an observer has been 

found to be associated with the validity of the observations 663. 

6.3.3.3 Pre-Covid procedure  

We captured video and audio footage of mother-infant and father-infant interactions using 

wearable cameras (WCs) and a third camera hidden in a photo frame, constituting a third perspective 

on the interaction. The headcams were worn on headbands by both the parent and the infant, capturing 

two separate videos from the parent and infant perspective for each interaction. Headcams have 

previously been shown to be reliable for capturing mother and infant behaviours 663 and have been 

extensively used in the ALSPAC cohort. Quality control and security checks were carried out by 

ALSPAC fieldworkers before making the data available. Separate headcam footage from both the 

parent and infant cameras was synchronised by their audio wavelength using Premiere Pro software 

(https://www.adobe.com/uk/products/premiere.html) by the researchers for coding purposes. Parents 

were given fully charged headcams and asked to use them at home during mealtime and play 

interactions (full details on the procedure are provided below). 

6.3.3.4 Covid and Post-Covid procedures 

6.3.3.4.1 Data collection  

Before the procedure was carried out, informed consent was obtained by a fully trained 

fieldworker. This consent is recorded electronically using the REDCap system. Back-up paper copies 

of the consent were used to record written consent where the electronic system could not be used. The 

fieldworker had a set of pre-requisite knowledge, training, and understanding of the equipment and 

systems (virtual and clinic). 
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All interactions were coded on a continuous timed event-based basis using the MHINT micro-

coding scheme 660 and specialised software for behavioural research (Noldus Observer XT® 16.0) 666. 

Timed event-based sequential data coding refers to a simple approach to behavioural coding where 

behaviours of interest are coded from videotapes using a single set of codes that are mutually 

exclusive (i.e., only one code can be associated with a particular event) and exhaustive (i.e., there is 

some code for every behaviour). This type of coding results in a single stream (otherwise known as 

string or sequence) of codes within the same behavioural category. Multiple behaviours can be coded 

at the same time if they are part of different behavioural categories, thereby providing continuously 

recorded behaviours indicating the onset and offset times of behavioural states of each subject into 

parallel streams of behaviours that are independently coded 667. An example of this type of data is shown 

in Figure 6.2, which represents the data visualisation of one interaction used in the analyses. A 

limitation of timed-event sequential data coding is that behaviours within the same behavioural category 

cannot co-occur, and, thus, they must be ordered so that they can be represented as successive codes in 

the single stream. To achieve this, we used decision rules as defined in the MHINT manual to impose 

a hierarchy of codes (e.g., if it seems that the caregiver is looking at both the child and focus object, the 

coding of looking at the child will pre-empt the code of looking at the focus object). However, we need 

to acknowledge that, whilst this distinction is practical, it is artificial and potentially prone to more 

subjective errors.  

Within each behavioural group (e.g., caregiver visual attention), the specific behaviours (e.g., 

looking at infant, looking at focus object) are mutually exclusive and exhaustive. Therefore, only one 

behaviour per time from each behavioural group was coded. For example, at any one time point a parent 

and infant must have a code for facial expression and their visual attention (for example, at 30 seconds 

into this video, the infant has a neutral facial expression and is looking at an object outside of view).  
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Table 7.1. Summary of thesis aims, research questions, methodological approaches, and main findings. 

Objectives Chapter Specific Aims Methodological approach Data sources Main findings  

Exploring how a 
genetic liability to 
neuroticism 
manifested in infancy 
and childhood and 
associated with 
severity and rate of 
change of childhood 
internalising 
trajectories. 
 

2 and 
Appendix 
A 

Investigating the 
association between a 
neuroticism PRS and a 
host of psychological 
symptoms in infancy and 
childhood. 

Polygenic risk score analysis 
and multivariable linear and 
ordinal regression to investigate 
the associations between child 
neuroticism polygenic risk and 
a host of psychological 
outcomes including 
temperamental traits, emotional 
and behavioural problems, and 
possible psychiatric diagnosis.  

Genetic and 
phenotypic 
data obtained 
from the 
ALSPAC 
birth cohort. 

There was evidence to suggest 
associations between child liability to 
neuroticism and more difficult 
temperament at 6 and 24 months of 
age, and with more emotional and 
behavioural problems across 
childhood. There was strong 
evidence for anxiety-related 
increased risk for clinical diagnosis.  

Characterising trajectories 
of internalising problems 
in children, as compared to 
externalising problems 
and exploring how a PRS 
for neuroticism (NEU 
PRS) associated with the 
estimated internalising and 
externalising trajectories. 

3-level linear mixed effect 
models to estimate internalising 
and externalising trajectories 
across childhood and 
investigate the association 
between the NEU PRS and 
overall trajectories levels and 
how they changed over time.  

Genetic and 
phenotypic 
data obtained 
from the 
ALSPAC 
birth cohort. 

There was evidence that both 
internalising and externalising 
problems decreased across 
childhood. However, we found 
evidence that each SD increase in the 
NEU PRS was associated with a 6% 
increase in the overall level of the 
internalising trajectory, and a halving 
of the effect on the externalising 
trajectory. There was also some 
evidence that a SD increase in the 
PRS for neuroticism was associated 
with a dampened recovery from 
emotional problems in childhood.  

Exploring the robustness 
of the findings to attrition, 
differential 
misclassification of the 

Several sensitivity analyses to 
test the robustness of our 
findings, including multiple 
imputation, sensitivity analyses 

Genetic and 
phenotypic 
data obtained 
from the 

Sensitivity analyses testing potential 
differential misclassification of the 
outcome and bias arising from 
attrition largely confirmed our main 
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Objectives Chapter Specific Aims Methodological approach Data sources Main findings  

outcome, genetic 
confounding, and 
pleiotropic effects. 

to test differential 
misclassification of the 
outcome, adjustment for 
maternal NEU PRS as 
confounding factor of the 
association, restricting the NEU 
PRS to GWAS-statistically 
significant SNPs to reduce 
pleiotropic effects and test 
causal relationships. 

ALSPAC 
birth cohort. 

analyses suggesting that such biases, 
if present, may be negligible in our 
sample. In addition, adjusting for 
maternal NEU PRS to estimate the 
potential causal association between 
child NEU PRS and later 
psychological problems led to a 
notable reduction in precision (i.e., 
wider CIs) but consistent effect 
estimates. Finally, sensitivity 
analyses testing the specificity of the 
association of neuroticism and our 
traits of interest (by using a genome-
wide significant P value threshold) 
led to attenuated associations across 
all SDQ scales apart from the 
emotional subscale, suggesting that 
the observed association between 
child NEU PRS and the conduct and 
behavioural subscales may be driven 
by underlying symptoms of anxiety. 

Identify which 
parenting 
interventions and 
parenting 
intervention 
components are more 

3, 4 and 
Appendix 
B 

Reviewing the literature 
on previous meta-analyses 
of parenting interventions 
and providing a detailed 
description of the methods 
I would use in Chapter 4. 

Reviewing existing literature to 
refine question, hypotheses, 
PICO, and methods.   

Around 
50,000 
studies being 
screened for 
eligibility 
(i.e., 20,000 

I developed and published the study 
protocol of the systematic review. I 
prespecified several hypotheses 
including the role that parental 
mental health may play in the 
effectiveness of the interventions.  
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Objectives Chapter Specific Aims Methodological approach Data sources Main findings  

that their infant looked at the primary 
caregiver, at objects outside of the 
footage focus, and at another child 
(most likely their sibling) for longer. 
Finally, I found some suggestive 
evidence that infants of more 
depressed parents spent more time 
smiling. Because of the limitations 
detailed in the Chapter, the findings 
are interpreted cautiously.  
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with missingness (STable A.5). Imputations on the DAWBA outcome were not performed because of 

the low number of cases. 

MICE was employed under the assumption that data were MAR. Including auxiliary variables 

is recommended to make the MAR assumption more plausible 700, however we kept the number of 

covariates included relatively small, selecting those with little/no missing values and that were strongly 

associated with levels of missingness in our models 701. 

As we were not able to employ MICE on all the analyses (e.g., DAWBA and sensitivity analysis 

using the maternal PRS for neuroticism) that we performed in the complete case analysis (CCA), the 

imputed results are presented only as a sensitivity analysis. We examined consistency across results to 

explore whether our complete case findings were biased because of missing data 700. 
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SFigure A.3. Flow diagram of ALSPAC participants with genotype information and main 
outcome. 



Appendix A: Chapter 2 

 

STable A.4. Distribution of socioeconomic, maternal, paternal, familial indicators and child psychosocial indicators in the original ALSPAC 
cohort in various sub-samples used in the study. 

Variables 

13 

Total 

ALSPAC-

G1 sample 

(N=14,872) 

% 

Sample 

with 

Carey at 6 

months 

and 

covariates 

(N= 

6,248) % 

Sample 

with 

Carey at 

24 months 

and 

covariates 

(N=6,225) 

% 

Sample 

with SDQ 

at 4y and 

covariates 

(N= 

5,788) % 

Sample 

with SDQ 

at 6y and 

covariates 

(N= 

5,435) % 

Sample 

with SDQ 

at 8y and 

covariates 

(N= 

5,276) % 

Sample 

with SDQ 

at 8y* and 

covariates 

(N= 

3,575) % 

Sample 

with SDQ 

at 9y and 

covariates 

(N=5,488) 

% 

Sample 

with SDQ 

at 11y* 

and 

covariates 

(N=4,269) 

% 

Sample 

with SDQ 

at 11y and 

covariates 

(N= 

5,091) % 

Sample 

with 

Dawba at 

7y and 

covariates 

(N=5,260) 

% 

Sample 

with 

Dawba at 

10y and 

covariates 

(N= 

4,970) % 

Maternal education    

A level or 

higher 

12.89 17.71 17.05 17.15 17.26 18.61 15.71 18.44 14.57 19.25 18.42 19.08 

O level 22.38 25.87 26.23 26.36 26.81 27.44 25.68 27.05 24.88 27.20 26.93 27.25 

<O level 64.72 57.41 56.73 56.49 55,26 53.95 58.60 54.51 60.55 53.55 54.65 53.67 

N sample 12,479 6,091 6,089 5,661 5,337 5,019 3,360 5,142 3,863 4,775 5,129 4,654 

 
13 Variables with * refer to teacher reported measures. 
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Maternal Social Class 

High 37.36 42.03 42.51 42.75 43.64 44.66 40.74 44.96 39.65 44.73 43.84 44.86 

Low 62.64 57,97 57.49 57.25 56.36 55.34 59.26 55.14 60.35 55.27 56.16 55.14 

N sample 10, 107 5,229 5,239 4,898 4,665 4,402 2,857 4,485 3,286 4,178 4,489 4,070 

Mother smoked in first 3 Months pregnancy 

No  74.80 80.45 80.97 80.99 81.73 82.15 80.13 82.59 78.98 82.70 81.92 82.75 

Yes 25.20 19.55 19.03 19.01 18.27 18.85 19.87 17.41 21.02 17.30 18.08 17.25 

N sample 13,345 6,159 6,155 5,719 5,375 5,064 3,452 5,186 3,963 4,816 5,177 4,708 
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Highest PRS (SDQ 

Externalising)  

5.31 (5.13, 5.49) 3.62 (3.48, 3.77) 1.69 (1.65, 1.72) 

Mean Difference 

Low vs High PRS 

-0.34 (-0.33, -0.36) -0.33 (-0.32, -0.34) -0.01 (-0.01, -0.02) 

Teacher reported Youngest Age (8 

years) 

Oldest Age (11 years) Mean difference 

Youngest vs Oldest 

Females  Mean (95% CIs) Mean (95% CI) Mean (95% CI) 

Lowest PRS (SDQ 

Internalising)  

1.16 (1.07, 1.25) 1.09 (1.00, 1.18) 0.07 (0.07, 0.07) 

Highest PRS (SDQ 

Internalising)  

1.14 (1.07, 1.22) 1.19 (1.10, 1.29) -0.05 (-0.03, -0.07) 

Mean Difference 

Low vs High PRS 

0.02 (0.0, 0.03)  -0.10 (-0.10, -0.11) -0.08 (-0.10, 0.14) 

Males  Mean (95% CIs) Mean (95% CIs) Mean (95% CIs) 

Lowest PRS (SDQ 

Internalising)  

1.45 (1.35, 1.55) 1.54 (1.44, 1.65) -0.09 (-0.09, -0.10) 

Highest PRS (SDQ 

Internalising) 

1.76 (1.65, 1.87) 1.66 (1.55, 1.78) -0.10 (-0.10, 0.09) 

Mean Difference 

Low vs High PRS 

-0.31 (-0.30, -0.32) -0.12 (-011, -0.13) 0.19 (-0.19, -0.19) 

Females Mean (95% CIs) Mean (95% CIs) Mean (95% CIs) 

Lowest PRS (SDQ 

Externalising)  

1.10 (1.02, 1.19) 0.79 (0.71, 0.87) 0.31 (0.31, 0.32) 
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at a P < 5 × 10-8 threshold and adjusted for maternal PRS for neuroticism are presented. Both models 

were adjusted for the same covariates as described in the main methods section.
















































































































































































































































































































































































































































































































































































































































































































































