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ABSTRACT 

In Australia, approximately a quarter of children are overweight or obese. Childhood 

obesity and overweight is a risk factor for poor academic performance, diabetes, 

cardiovascular disease, and certain cancers, among other issues. The objective of 

this study is to identify new parental risk factors for the condition, along with 

mediating factors involved in these relationships, and protective factors that impact 

upon these relationships. The risk factors examined were parental alcohol 

consumption and Prenatal Maternal (PM) medication use and dietary exclusion. 

The Longitudinal Study of Australian Children (LSAC) was used to test for the 

relationship between these risk factors and childhood obesity and overweight risk. 

Each wave was individually fitted with a linear model (outcome variable: child body 

mass index z-score) and a multinomial logistic model (outcome variable: weight 

status) and known and hypothesized risk factors were treated as independent 

variables. Generalized estimating equations were also fitted to all waves collectively 

with similar outcome variables and independent variables. Moderation effects were 

tested for using the Hayes PROCESS macro and the Iacobucci technique of 

mediation analysis was used for testing for mediation effects.  

Heavy parental drinking seemed to be associated with an increased risk of obesity 

and overweight at certain stages of childhood. Parental warmth appeared to 

moderate these effects at times. Exclusion of fish and eggs from the PM diet was 

associated with a higher risk of child obesity and overweight at times. PM dietary 

supplements did seem to protect against these effects. PM antibiotics, prescription 

antiemetics, prescription heartburn medicines, over-the-counter (OTC) analgesics 

and other OTC medicines not listed in LSAC seemed largely neutral in their effects 

on childhood obesity and overweight risk. Other medications were associated with 

higher risks of obesity and overweight at certain stages of childhood. PM dietary 

supplement use did not seem to protect against these effects.  

These results show that the prenatal maternal diet and medication use, along with 

parental alcohol consumption are important predictors of childhood obesity and 

overweight. The results relating to prenatal maternal factors should be used to inform 

the healthy pregnancy campaign of the Australian Government as for the parental 

alcohol consumption risk factor it should inform existing public health campaigns 

aimed at curbing problem alcohol consumption in adults. 
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CHAPTER 1: INTRODUCTION 

1.1   Introduction 

Childhood obesity and overweight are a global pandemic with cases 

particularly prevalent in the developed world (Jebeile et al., 2022). In 

2016, it was estimated that globally 340 million children and adolescents 

were overweight or obese (World Health Organization, 2022). Between 

2017 and 2018, approximately a quarter of Australian children and 

adolescents were overweight or obese (Australian Bureau of Statistics, 

2018). Childhood obesity and overweight predisposes children to carrying 

this status into adulthood (Di Cesare et al., 2019), along with numerous 

medical ailments such as cardiovascular disease, Type 2 Diabetes Mellitus 

(T2DM), asthma, musculoskeletal disorders, depression and certain 

cancers (Di Cesare et al., 2019), and other issues like school absenteeism 

(An et al., 2017), less academic attainment (Ryabov, 2018) and poor 

academic performance (Segal et al., 2019). In line with these facts, the 

modelling of Queensland Health and Wellbeing suggests that children born 

in the decade starting 2023 will be the first generation in recorded 

Queensland history to live shorter lives than their parents (Antonia 

O’Flaherty, 2022). 

 

The aetiology of childhood obesity and overweight has been studied in an 

effort to reduce the incidence rate. It is known that childhood obesity and 

overweight is fundamentally an energy imbalance with children taking in 

more energy than they are expelling (Apperley et al., 2022). Despite this, 

interventions targeting this imbalance have often produced insignificant or 

underwhelming results (Pereira & Oliveira, 2021; Smith et al., 2020). This 

is due, in part, to the difficulty of altering the dietary and physical activity 

habits of children in a lasting and meaningful way. The number of cases 

must be reduced by identifying as many potentially modifiable risk factors 

as feasible such as skipping breakfast (Antonogeorgos et al., 2012; 

Mihrshahi et al., 2017). It is also important to understand the 
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mechanisms and protective factors involved in the effect of any identified 

risk factors, as these can be used to reduce the number of cases when 

the risk factors themselves are not targetable. 

 

This chapter focuses on summarizing the theoretical framework, 

conceptual framework, research objectives, hypotheses, and questions 

and research problem.  

 

1.2 Theoretical framework 

1.2.1 Fetal Origins of Adult Disease 

Fetal Origins of Adult Disease (FOAD) was first popularized by 

epidemiologist and physician David Barker (Calkins & Devaskar, 2011; 

Pincock, 2013). It is hypothesized that abnormalities, such as in nutrition, 

during fetal development have a considerable impact upon one's risk for 

adult disease. Low birthweight (LBW) – a marker for poor fetal nutrition – 

is now recognized as a major risk factor for numerous adult diseases 

including, but not limited to, cardiovascular disease, T2DM and obesity 

(Calkins & Devaskar, 2011). The basic idea behind the FOAD hypothesis is 

that a person's genome does not, by itself, determine the person's 

characteristics, that several environmental factors also affect it, and the 

influence of these environmental factors begins in-utero (Calkins & 

Devaskar, 2011). The influence of these factors is greatest at certain 

stages in the person's development and by adulthood this "plasticity", or 

ability to be moulded by one's environment, is largely lost (Calkins & 

Devaskar, 2011). This adaptability serves the purpose of achieving the 

best fit between people and their environment, although as the 

adaptability does not persist throughout life and many adaptations are 

permanent, it can lead to adults adapted to an environment that's since 

changed being maladapted to their current environment and developing 

disease as a result (Calkins & Devaskar, 2011). This plasticity is believed 

to be mediated by epigenetics, that is the factors beyond the genes 

themselves that affect gene expression (Calkins & Devaskar, 2011). 
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Alterations to one-carbon metabolism – which can be caused by 

deficiencies in nutrients involved in it such as choline, folate, and 

cobalamin – could be involved in these epigenetic change (Fall & 

Kumaran, 2019). 

  

Antidepressant (ADP) exposure in-utero is known to be associated with an 

increased risk of LBW in humans (Xing et al., 2020), which is a known 

risk factor for childhood obesity and overweight (Andriani, 2021). Despite 

this, Grzeskowiak et al., 2012 found no association between maternal 

prenatal use of Selective Serotonin Reuptake Inhibitor (SSRI) ADPs during 

pregnancy and childhood obesity and overweight risk at age 4-5 years. 

Grzeskowiak et al., 2013 found an association between prenatal SSRI use 

and childhood overweight and obesity risk in boys at age 7, but not for 

girls. These studies, however, only examined the effect of the exposure 

on the children's weight status at particular ages, not over their entire 

childhood. These studies also did not examine possible mediating and 

moderating effects. They also limited their focus to SSRI ADPs and did not 

consider the effect of other antidepressants such as serotonin-

noradrenaline reuptake inhibitors, tricyclic antidepressants, monoamine 

oxidase inhibitors and other antidepressants. These all represent research 

gaps that this study addressed. 

 

Identifying mediating and moderating factors in these relationships is 

essential for a multitude of reasons. One reason is just for the sake of 

understanding the mechanisms involved in childhood obesity and 

overweight better, which is useful to guide further research. An additional 

reason is that these mechanisms and protective factors provide additional 

ways to target these risk factors when they cannot be targeted directly. 

For instance, if dietary supplements protected against childhood obesity 

caused by excluding eggs from the diet, then dietary supplements could 

be recommended to pregnant women that abstain from egg for any 

reason to reduce the risk of their children become obese or overweight. 
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Glucocorticoids are used in asthma treatment and elevated serum 

concentrations of cortisol, an endogenous glucocorticoid, in mothers 

prenatally is known to be associated with an increased risk of childhood 

obesity in the offspring (Entringer et al., 2017), hence making it 

reasonable to hypothesize that in-utero exposure to certain asthma 

medications may predispose children to obesity and overweight.  

  

Several Antiepileptic Drugs (AEDs) (e.g., valproate, lamotrigine, 

carbamazepine, barbiturates and phenytoin) are known to inhibit either 

the absorption or metabolism of folic acid (Ornoy, 2009), as is the 

antibiotic agent trimethoprim (Wróbel et al., 2020), the antiprotozoal 

agent pyrimethamine (Gangjee et al., 2007) and the antidiabetic agent 

metformin (Owen et al., 2021) and low serum folate has been found 

associated with an increased risk of childhood obesity or overweight 

(Wang et al., 2016). In fact, Wang et al., 2016 found that low serum 

folate may be a mediating factor by which prenatal maternal obesity and 

overweight predisposes the child to childhood obesity or overweight. This 

could be through alterations to one-carbon metabolism leading to 

epigenetic changes which alters the programming of the fetus' organs. It 

is also important to note that folic acid supplementation has already been 

found to mitigate some of the harmful effects of prenatal exposure to 

AEDs, namely the reduced intelligence quotient and increased rate of 

congenital malformations associated with this class of drugs (Kjaer et al., 

2008; Meador et al., 2013). Valproate is also known to inhibit histone 

deacetylases — a class of enzymes that play a crucial role in gene 

expression — and this could potentially also play a role in its 

developmental effects (Ornoy et al., 2022).  Additionally, cobalamin 

deficiency is a well-known adverse effect of long-term metformin (Infante 

et al., 2021), histamine H2 receptor antagonist and proton-pump inhibitor 

treatment (J. W. Miller, 2018) and some (but not all) studies have found 

an association between low cobalamin concentration during pregnancy 
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and LBW of the offspring (Rogne et al., 2017). Due to the role these 

nutrients play in one-carbon metabolism, there is also good theoretical 

basis for suspecting prenatal maternal deficiencies in these nutrients may 

predispose children to obesity or overweight. It may hence be reasonably 

hypothesized that cobalamin and folate supplements may mitigate the 

obesogenic effect prenatal maternal use of metformin appears to have on 

the offspring. In line with Owen et al., 2021, this study hypothesizes that 

such supplementation may prevent the metformin-induced childhood 

obesity. While this hypothesis is not new, to the best of the author’s 

knowledge it has never been tested in a formal study. 

  

Given that LBW is a marker of prenatal under-nutrition, it is not surprising 

that it has been found associated with certain vitamin deficiencies, such 

as of folate and cobalamin (Rogne et al., 2017; Sukla et al., 2013). It 

may hence be hypothesized that maternal exclusion of certain foods from 

their diet during pregnancy and the resulting nutritional deficiencies may 

be a risk factor for childhood obesity and overweight in the offspring. 

Although, as exclusion of particular food items from the diet is not 

necessarily the result of personal choice or preference alone and can be 

the result of medical advice (for instance, mothers with coeliac disease 

may exclude wheat and other gluten-containing food items from their diet 

due to gluten exclusion being the only known effective treatment for 

coeliac disease (Itzlinger et al., 2018)), this study attempted to control 

for the possible confounding effect of medical conditions. Other known 

risk factors for childhood obesity like socioeconomic status (which also 

influences which foods people can have in their diet) were also controlled 

for where possible. 

  

It is also reasonable to hypothesize that dietary supplements containing 

essential micronutrients could potentially protect against the effect of 

maternal food exclusion on the newborn. This seems especially likely 

given folate supplementation has been found to reduce LBW risk in at 
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least one study (Charles et al., 2005), iron supplementation has been 

associated with a similar effect on LBW (Keats et al., 2021) and so have 

multiple micronutrient supplements (defined as supplements containing at 

least 3 micronutrients; this is as compared to iron with or without folic 

acid supplements) (Keats et al., 2021). 

 

1.2.2 Developmental Origins of Health and Disease 

Developmental Origins of Health and Disease (DOHaD) is an extension of 

the FOAD hypothesis to cover the entire developmental period of a person 

from gametogenesis of the gametes that conceived them to their 

adolescence (Suzuki, 2018). DOHaD is also used to explain disease risk in 

childhood based on early life development and hence is relevant to 

explaining childhood obesity and overweight risk (Bianco-Miotto et al., 

2017). Numerous factors have been studied as potentially altering the 

developmental process and leading to changes in health and disease, 

including prenatal nutrition, maternal prenatal stress (Entringer et al., 

2010; Khambadkone et al., 2020), exposures to drugs and pollutants, 

birth size, maternal prenatal obesity, and alterations to the microbiome 

(Hoffman et al., 2021; Suzuki, 2018). 

  

The mechanisms by which parental alcohol consumption could lead to 

childhood obesity and overweight include the fact that it could encourage 

children to begin drinking at an early age and that some studies that 

suggest an association between drinking during adolescence and the risk 

of childhood overweight/obesity (Lee & Um, 2021; Roditis et al., 2009). 

Additionally, there is a well-established link between alcohol consumption 

and domestic violence (Mayshak et al., 2022; Muluneh et al., 2021; 

Semahegn & Mengistie, 2015) and the chronic stress this could result in 

for children could, through the metabolic effects of the stress hormone 

cortisol, predispose children to obesity (A. L. Miller & Lumeng, 2018; 

Russell & Lightman, 2019). This is further substantiated by A. L. Miller & 

Lumeng (2018) which found that early life stress (before age 5) was 
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associated with an increased risk of childhood and adult obesity. This 

hypothesis that alcohol-induced domestic violence could increase a child's 

risk of being obese or overweight is also further substantiated by (Wiss & 

Brewerton, 2020), who conducted a meta-analysis on the effect of 

adverse childhood experiences on the risk of adult obesity, and as 

childhood obesity is a well-established risk factor for adult obesity this link 

may be due to an increased risk of childhood obesity (Simmonds et al., 

2016).  

  

It is known that childhood obesity and overweight is fundamentally an 

energy imbalance wherein the child is consuming more food energy than 

they are burning (Thomas-Eapen, 2021). This is why for all postnatal risk 

factors under study are hypothesized to mediate their effects potentially 

via changes in child dietary habits and child physical activity. 

 

It is unknown whether parental alcohol consumption impacts upon 

childhood obesity and overweight and if so, how, and what protective 

factors may influence this effect. Understanding this will help inform 

public health policy with regards to alcohol consumption in adults. A large 

proportion of Australian adults regularly consume alcohol. In the LSAC 

sample itself, about 36% of fathers drank at least weekly when the 

children were aged 0 or 1 years. Data from 2020 to 2021 show that 

25.8% of Australians exceeded the national alcohol consumption guideline 

(Australian Bureau Of Statistics, 2022). Consequently, if parental alcohol 

consumption is a risk factor for childhood obesity and overweight, it would 

be quite a prevalent and potentially influential one.  

 

1.3 Research problem 

The first research problem this thesis addresses is the gaps in the 

literature related to parental alcohol consumption and its impact on 

childhood obesity and overweight, including the mechanisms and 

moderating factors involved in this relationship. Secondly, this thesis 



8 
 

addresses the research gaps related to prenatal maternal dietary 

exclusion and its effects on childhood obesity and overweight and the 

mechanisms and moderating factors involved in this relationship. Finally, 

this thesis addresses the research gaps related to prenatal maternal 

medication consumption and its effects on childhood obesity and 

overweight, including the mechanisms and moderating factors involved in 

this relationship.  

 

1.4 Research objectives, hypotheses, and research questions 

The objective of this research is to identify additional risk and protective 

factors for/against childhood obesity and overweight that pertain to the 

behaviours and characteristics of parents. The following are the specific 

objectives of this study: 

1. To determine the impact of parental alcohol consumption on 

childhood obesity and overweight risk and the potential mediating 

effects of various child physical activity, child dietary habits, 

parenting style variables and child sleep characteristics variables 

and the potential protective effects of parental warmth.   

 

2. To determine the impact of maternal prenatal dietary habits on 

childhood obesity and overweight risk and the mediating and 

moderating effects of birthweight and dietary supplements, 

respectively. 

 

3. To determine the impact of maternal prenatal medication on 

childhood obesity and overweight risk and the mediating and 

moderating effects of birthweight and dietary supplements, 

respectively. 

 

Based on these objectives, the following research questions (RQs) and 

hypotheses (H) were formulated: 
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Research question 1, 1a and 1b served as the motivation for research 

paper 1. Research question 2, 2a and 2b served as the motivation for 

research paper 2. Research question 3, 3a and 3b served as the 

motivation for research paper 3.  

 

RQ1: Does parental alcohol consumption impact upon child body mass 

index z-score (BMIz) or childhood obesity and overweight risk? 

 

H1: Parental alcohol consumption will be associated with an increased risk 

of obesity and overweight in children and higher BMIz. 

 

RQ1a: Does child physical activity, child dietary habits, child sleep 

characteristics and parenting style variables mediate the effect of parental 

alcohol consumption on a child’s risk of developing overweight or obesity? 

 

H1a: Child physical activity, child dietary habits, child sleep characteristics 

and parenting style variables will mediate the effect of parental alcohol 

consumption on childhood obesity and overweight risk. 

 

RQ1b: Does parental warmth moderate the effect of parental alcohol 

consumption on childhood obesity and overweight? 

H1b: Parental warmth protects against the effect of parental alcohol 

consumption on childhood obesity and overweight through moderating 

this relationship. 

 

RQ2: Does prenatal maternal dietary exclusion impact upon child BMIz 

and childhood obesity and overweight risk? 

 

H2: Prenatal maternal dietary exclusion will increase child BMIz and 

childhood obesity and overweight risk.  
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RQ2a: Does child birthweight mediate the effect of prenatal maternal 

dietary exclusion on childhood obesity and overweight and child BMIz? 

 

H2a: Child birthweight will mediate the effect of prenatal maternal dietary 

exclusion on childhood obesity and overweight risk and child BMIz.  

 

RQ2b: Do dietary supplements protect against the effect of prenatal 

maternal dietary exclusion on childhood obesity and overweight risk and 

child BMIz? 

 

H2b: Dietary supplements will protect against the effect of prenatal 

maternal dietary exclusion on child BMIz and childhood obesity and 

overweight risk. 

 

RQ3: Does prenatal maternal medication impact upon child BMIz and 

childhood obesity and overweight risk? 

 

H3: Prenatal maternal medication will increase child BMIz and childhood 

obesity and overweight risk.  

 

RQ3a: Does child birthweight mediate the effect of prenatal maternal 

medication on child BMIz and childhood obesity and overweight? 

 

H3a: Child birthweight will mediate the effect of prenatal maternal 

medication on child BMIz and childhood obesity and overweight risk.  

 

RQ3b: Do dietary supplements protect against the effect of prenatal 

maternal medication on child BMIz and childhood obesity and overweight 

risk? 
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H3b: Dietary supplements will protect against the effect of prenatal 

maternal medication on child BMIz and childhood obesity and overweight 

risk. 

 

1.5 Conceptual framework 

The conceptual framework is contained within Figure 1. Figure 1 shows 

the hypothesized relationships between the variables that the three 

research papers in this thesis investigated. The risk factor variables are 

prenatal maternal factors such as dietary exclusion and medication 

consumption. The outcome variables are child BMIz and weight status. 

Protective factors are expected to act as moderators; this is to say that 

they are expected to modify the relationship between the risk factors and 

outcome variables through introducing an interaction term to the 

statistical models used to model the outcome variables. Mediating factors 

are expected to serve as intermediaries between the risk factors and the 

outcome variables as shown in Figure 1. 
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Figure 1: Conceptual framework for the research. 

Specifically, it is proposed that parental alcohol consumption impacts 

upon childhood obesity and overweight risk and BMIz directly and 

indirectly through the mediating factors of child physical activity, child 

dietary habits, parental hostility, parental warmth, child alcohol 

consumption and child sleep quality. It is also proposed that parental 

warmth serves as a moderating factor in this relationship. It is also 

proposed that prenatal maternal dietary exclusion and medication use 

impact upon childhood obesity and overweight risk and BMIz both directly 

and indirectly through the intermediary of child birthweight. It is also 
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proposed that dietary supplement use plays a moderating role in this 

relationship.  

 

 

1.6  Study design and description of secondary data 

The Longitudinal Study of Australian Children (LSAC) is an ongoing 

biennial study conducted by the Australian Institute of Family Studies and 

the Australian Government Department of Social Services that includes 

two cohorts: cohort B (for “baby”) and cohort K (for “kindergarten”). Both 

cohorts were sampled using a two-stage clustering method to achieve a 

nationally representative sample of Australian children. Cohort B started 

with 5,107 infants aged 0 or 1 years old in 2004. Cohort K started with 

4,983 kindergarteners aged 4 or 5 years old in 2004.  

 

Cohort B was the focus of this thesis, partly because it was the only 

cohort with the required prenatal maternal details for two of the studies 

conducted, and in part because it was not feasible to fit the analysis of 

both cohorts into a single paper for the one study that did not involve 

prenatal maternal risk factors. Additionally, cohort B had more waves with 

child BMIz and BMI percentile (which was used to determine weight 

status) recorded, which allowed for effects on obesity or overweight to be 

analysed.  

 

Before analysis was conducted, the data was cleaned to remove children 

with missing or nonsensical values for variables that would be used in the 

analysis. This and all the analysis were conducted in R version 4.2.2 to 

4.3.1. 

 

The effect of the proposed risk factors was tested by fitting linear and 

multinomial logistic models (MLMs) to each wave that recorded child BMIz 

and BMI percentile (BMI percentile was necessary for determining the 

child’s weight status). In these models, the regressors were factors 
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known to influence childhood obesity and overweight risk that were 

recorded in LSAC, and the proposed risk factors and the outcome variable 

was child BMIz (for the linear model) and weight status (for the 

multinomial logistic model). These factors known to influence childhood 

obesity and overweight were determined via a scoping literature review. 

The MLMs were all nominal in how they treated their outcome variables 

and when incorporating all known risk factors into them caused singular 

matrix errors, the less significant factors (as found from the linear models 

fitted) were removed until the singular matrix errors ceased to be a 

problem. If a factor known to influence childhood obesity or overweight 

risk was going to be investigated as a possible mediator in the precise 

study (e.g., child birthweight in papers 2 and 3), it would be omitted from 

these initial linear and multinomial logistic models as a regressor.  

 

These models were used because they can establish correlation between 

variables, and they are designed to work with the type of variables 

studied. Specifically, linear models are well-suited to analyses in which 

the outcome variable can take on any real value. Child BMIz satisfies this 

criterion as it can, in theory, take on any real value. Linear models are 

also best suited to normally distributed outcome variables and the fact 

that child BMIz is a z-score shows the common assumption in medicine 

that it will follow a standard normal distribution. Multinomial logistic 

models were fitted to weight status as they are the standard model used 

when working with an outcome variable that is multicategorical like 

weight status is.  

 

When the risk factor was postnatal and recorded across all the waves 

analysed (which is the case for parental alcohol consumption), 

generalized estimating equations (GEEs) were fitted to all the waves as 

part of a pooled wave analysis. The regressors used in this analysis were 

known risk factors that were recorded across all analysed waves, along 

with the proposed risk factors. The outcome variables for this analysis 
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were also child BMIz (when a linear predictor GEE was fitted) and weight 

status (when a nominal logistic GEE was fitted). 

 

GEEs were fitted for this pooled wave analysis as they account for the 

correlation between observations on the same child at different times, 

which is necessary when analysing data from multiple waves at once. It is 

necessary as this correlation violates the independence assumption of 

fixed effects models like linear models and generalized linear models, but 

GEEs relax this assumption to allow the analysis of such correlated data. 

 

Mediation analysis was conducted using the Iacobucci (2012) method. In 

this method, appropriate (for the type of data) generalized linear models 

(GLMs) are fitted for the proposed mediator variables (where the 

mediator variable is the outcome variable) and outcome variables (where 

the outcome variables were the outcome variables in the model). Two 

sets of GLMs are fitted for the outcome variables: one with the mediator 

variables included as regressors and another without them. Known risk 

factors were incorporated into the outcome variable GLMs as regressors. 

These mediator and outcome GLMs are used to estimate the direct and 

indirect effects of the risk factors on the outcome variables, along with 

the significance of any mediation effect. Multinomial logistic models were 

fitted to multicategorical variables, binomial logistic models were fitted to 

dichotomous variables and linear models were fitted to quantitative 

variables. The Iacobucci (2012) method was used because it had the 

required flexibility to carry out the analysis. Some mediation and outcome 

variables in the analyses conducted were multicategorical and this limited 

the author’s options for how to conduct the analysis. The Andrew F. Hayes 

PROCESS R macro could perform the analysis if the mediator and 

outcome variables were all quantitative or dichotomous, for instance, but 

it could not with either of these variables being multicategorical (which 

weight status, child dietary habits, child physical activity and a few other 

mediator variables were).   
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Moderation analysis was conducted using the Andrew F. Hayes PROCESS 

R macro version 4.3. Covariates included in the analysis were other 

possible risk factors under investigation along with the known risk factors 

included in the linear models and multinomial logistic models fitted. The 

PROCESS R macro was used for this analysis as it is simple, but 

appropriate for the data and hypotheses tested.  

 

The variables used in the analysis depend on the study in question, but 

include covariates that relate to possible confounders like parental BMI 

(Lecorguillé et al., 2023) and socioeconomic status (Williams et al., 

2018), along with the postulated risk factor of interest (parental alcohol 

consumption, prenatal maternal dietary exclusion or prenatal maternal 

medication) and the outcome variables of child BMIz and weight status. 

  

1.7  Structure and content of thesis 

This thesis is divided into six chapters, including three studies on novel 

posited risk factors for childhood obesity. The structure of each chapter is 

detailed below.  

 

Chapter one is an introductory chapter; it summarizes the rationale and 

motivation for the research. It discusses the theoretical and conceptual 

framework for the research, the research objectives, hypotheses, and 

questions that direct the research and the research problems that this 

research addresses.  

 

Chapter two is a literature review that summarizes the current state of 

knowledge in the field and identifies the relevant research gaps in the 

literature and thus further solidifies the foundation for the research.   

 

Chapter three contains research paper 1, which is on parental alcohol 

consumption’s effect on childhood obesity and overweight. An additional 
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introduction section was included in this chapter, as was a links and 

implications section. 

 

Chapter four contains research paper 2, which is on prenatal maternal 

dietary exclusion’s effect on childhood obesity and overweight. Like 

chapter three, there are additional introduction and links and impactions 

sections in this chapter.  

 

Chapter five contains research paper 3, which is on prenatal maternal 

medication consumption’s effect on childhood obesity and overweight. 

Introduction and links and implications sections were included in this 

chapter too.  

 

Chapter six concludes the thesis by summarizing the findings of the 

preceding chapters and discusses their implications for public health 

policy. It also mentions the limitations of this research and the avenues 

for further research.   

 

Each of the research papers focus on possible risk factors for childhood 

obesity and overweight that pertain to the behaviours and characteristics 

of the parents. The second and third papers pertain specifically to 

prenatal maternal risk factors, and it is hypothesized that both 

investigated risk factors would mediate their effects through effects on 

fetal nutritional adequacy.  

 

1.8  Conclusions 

In conclusion, this research is aimed at improving knowledge on the risk 

factors of childhood obesity and overweight by investigating three 

previously unstudied or understudied possible risk factors and the 

mechanisms and protective factors involved in these relationships. These 

relationships were investigated in three separate research papers that 

come after the literature review contained within the next chapter. Then 
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this thesis will be concluded by a discussion and summary of the 

preceding chapters, their implications, and limitations.  
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CHAPTER 2: LITERATURE REVIEW 

2.1  Introduction 

Childhood obesity and overweight rates are on the rise worldwide and in 

Australia, and seriously threaten the gains in life expectancy made by 

medical science in the last century. As a result, it is essential that 

modifiable risk factors for childhood obesity and overweight are identified 

and so are protective factors against these risk factors (to help in 

situations wherein the risk factor is unavoidable), to inform public policy 

about the allocation of scarce resources. Determining the mechanism by 

which risk factors lead to increased risks of childhood obesity and 

overweight is also important as it can lead to ideas for how the risk can 

be offset, and these ideas can be tested in future studies. In the following 

sections, research gaps surrounding potential risk factors, potential 

mediating factors involved in the effect of these risk factors and potential 

protective factors to counter these risk factors will be identified. 

 

2.2  Search method 

Scopus, PubMed, and Google Scholar were used for the literature review. 

The risk factor of interest was one of the search terms along with 

childhood obesity and overweight and all synonyms or alternative 

spellings (such as “pediatric obesity”, “paediatric obesity”, “paediatric 

overweight”, etc.). To be included in the review, the studies had to be 

original investigations of the risk factor in question and its effect on 

childhood obesity. This review was a systematic review. 

  

2.3  Parental alcohol consumption 

No studies have been identified in preliminary database searches that 

investigated the effect of parental alcohol consumption on childhood 

obesity and overweight risk and mean BMIz. Adolescent alcohol 

consumption has been studied as a risk factor for their own obesity and 

overweight (Lee & Um, 2021; Roditis et al., 2009), but never has parental 

alcohol consumption been studied in this context. Parental alcohol 
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consumption is a potentially modifiable risk factor for childhood obesity, 

although due to addiction and other issues it is not completely modifiable 

and hence it is important to identify potential protective factors and 

mediating factors.  

  

If a harmful effect of alcohol consumption on childhood obesity and 

overweight risk and BMIz were found, it could lead to interventional 

studies designed to determine whether the link is causal, as analyses 

based on observational studies like LSAC usually cannot prove causality 

(Gianicolo et al., 2020). And these studies would in turn inform public 

policy decisions, including potentially advertisement campaigns designed 

to inform parents of the risk if the link is found to be causal, and could 

contribute to a reduction in the rate of childhood obesity and overweight. 

If the factors do not lend themselves to study in interventional studies 

(such as due to ethical constraints), this study's results may help inform 

public policy either on their own (in which case it will be particularly 

helpful in informing Australian public policy as it was conducted within the 

Australian context), or along with subsequent observational studies.  

  

2.4  Prenatal maternal food exclusion and childhood overweight/obesity 

Several studies have investigated the effect of maternal prenatal 

malnutrition on childhood obesity and overweight risk, although the focus 

of these studies have largely been on the effect of famines (Calkins & 

Devaskar, 2011), dietary interventions (such as assignment to a low 

glycaemic diet, dietary counselling, or to an antihypertensive diet, without 

sodium restriction) (Dalrymple et al., 2018), dietary quality (Chen et al., 

2021; Fortin-Miller et al., 2022) dietary inflammatory potential (Chen et 

al., 2021; Fortin-Miller et al., 2022), dietary glycaemic index (Dalrymple 

et al., 2018), excessive gestational weight gain and maternal 

obesity/overweight (Deal et al., 2020), not the effect of the exclusion of 

particular food items from the diet.  
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No study was found in preliminary database searches that studied 

whether exclusion of particular food items from a mother's diet during 

pregnancy impacts upon the child's risk of developing obesity and 

overweight during childhood. Consequently, there is a gap in the 

literature that research paper 2 fills. It is also the first paper to do this 

within the Australian context; as such it is of particular importance to 

guiding Australian public health policy. In filling this gap, it may inform 

future expectant mothers about what foods should be in their diet whilst 

pregnant and which they can manage without. As it will examine the 

effect of dietary supplements on any effect of prenatal maternal food 

exclusion on childhood overweight or obesity risk, it may also help inform 

decisions about ways of mitigating the harm that unavoidable prenatal 

maternal food exclusion does to children. 

  

2.5  Prenatal maternal use of prescription and OTC medication and childhood 

overweight/obesity 

Some studies have investigated the effect of antibiotic, antifungal, 

antidiabetic and antidepressant exposure in-utero on childhood obesity 

and overweight risk (Cassidy-Bushrow et al., 2018; Grzeskowiak et al., 

2012, 2013; Mor et al., 2015; Rowan et al., 2018) but several other 

categories of prescription and OTC medications are unstudied in their 

effect on childhood obesity/overweight risk. Asthma medications, thyroid 

medications, antihypertensives, nausea and sickness medications, 

analgesics, heartburn medications, herbal preparations and anti-allergy 

medications have, to the best of this researcher's knowledge, never been 

studied in this context in humans. As such there is a research gap 

research paper 3 helped to fill. This study will not only be the first ever 

conducted in this field to the best of this researcher's knowledge, but also 

the first conducted in the Australian context, and consequently will be of 

particular relevance to Australian public health policy.  

  



22 
 

Whilst prenatal exposure to antibiotic, antifungal, antidiabetic and AE 

medication has been studied as a potential risk factor for childhood 

obesity/overweight (with positive evidence to support an effect for all but 

antifungal medications) (Cassidy-Bushrow et al., 2018; Galappatthy et 

al., 2018; Mor et al., 2015; Rowan et al., 2018; Wen et al., 2017), what 

has not been studied is possible mitigating factors, such as prenatal use 

of vitamins such as folic acid and cobalamin. This is despite the fact that 

there is theoretical basis to support a protective effect of these nutrients. 

Some prenatal medication use is unavoidable due to the medical needs of 

the mother, hence research into protective factors to offset harms from 

this unavoidable reality is essential.  

  

Some dietary supplements have been studied in this context, with 

prenatal ω-3 fatty acid supplements found to be ineffective at reducing 

childhood obesity and overweight risk (Vahdaninia et al., 2019), prenatal 

high protein supplements were found harmful (as it increased the risk of 

SGA births, a risk factor for childhood obesity and overweight) (Grobler et 

al., 2019) and prenatal balanced energy/protein supplements were found 

effective at reducing the risk of childhood obesity and overweight (Grobler 

et al., 2019). The researcher has also conducted searches for 

antiepileptics, antibiotics, antimicrobials and antidiabetics and the effect 

dietary supplements has on the risk of childhood obesity and overweight 

in children exposed to them in-utero, which returned no relevant results. 

Consequently, there are definite research gaps in this field and this 

study's aim is to fill those gaps and hopefully encourage further study in 

this area. As this is an Australian study its results are of particular 

relevance to Australian public health policy. 

 

2.6  Conclusion 

Filling the identified research gaps has potential applications both in 

guiding Australian public health policy and in shaping public health policy 

in other developed nations. While the data analysed only pertains to the 
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Australian context, childhood obesity and overweight is a global epidemic, 

and it seems likely that similar relationships between these variables will 

also exist in other countries. Although naturally, follow-up studies will be 

required to confirm this.  

 

In Australia, information on prenatal maternal risk factors could help 

inform the Australian Government’s healthy pregnancy campaign 

(Australian Government Department of Health and Aged Care, 2023). 

Specifically, the chapter 4 could help inform the nutritional advice given 

to expectant mothers as part of this campaign and similar campaigns in 

other developed nations. Additionally, chapter 5 could help inform which 

medications are prescribed to expectant mothers. Chapter 3 could help 

inform public health policy related to alcohol use by adding in an extra 

reason to discourage alcohol consumption in adults, namely, to protect 

their children from harm.  
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CHAPTER 3: PAPER 1: THE IMPACT OF PARENTAL 

ALCOHOL CONSUMPTION ON CHILDHOOD OBESITY AND 

OVERWEIGHT RISK 

3.1  Introduction 

Parental alcohol consumption has never been studied as a risk factor for 

childhood obesity and overweight to the best of this researcher’s 

knowledge. Despite this, there are reasons to suspect the two could be 

related. Specifically, alcohol use has a well-studied relationship to 

domestic violence (Mayshak et al., 2022) and traumatic events, such as 

witnessing or being the victim of domestic violence, during childhood have 

been found in some studies to be associated with an increased risk of 

subsequent obesity (Schroeder et al., 2021). Additionally, it is conceivable 

that parents that consume alcohol to excess may be less attentive to the 

dietary and physical activity habits of their children, potentially allowing 

them to develop bad habits that predispose them to obesity and 

overweight. In this paper, parental alcohol consumption is examined as a 

possible risk factor for childhood obesity and overweight.  
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3.2 Submitted paper 
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3.3 Implications 

This paper further substantiates that childhood obesity and overweight 

can be predicted by childhood factors and thereby substantiates the 

DOHaD hypothesis. It shows that while moderate parental alcohol 

consumption is probably not a major risk factor for childhood obesity and 

overweight, excessive alcohol consumption appears to predispose children 

to developing obesity and overweight. In papers 2 and 3, the focus will be 

on prenatal risk factors for childhood obesity and overweight and 

therefore rely on the FOAD hypothesis.  
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CHAPTER 4: PAPER 2: THE IMPACT OF PRENATAL 

MATERNAL DIETARY EXCLUSION ON CHILDHOOD 

OBESITY AND OVERWEIGHT RISK 

4.1  Introduction 

To the best of this researcher’s knowledge, the effect of excluding certain 

food items from the mother’s prenatal diet has never been studied as a 

risk factor for childhood obesity and overweight in humans. This is despite 

reason to suspect a link, including that one-carbon metabolism is known 

to play a key role in regulating childhood susceptibility to obesity and 

overweight and many nutrients that are involved in one-carbon 

metabolism (such as cobalamin, folate and choline) are more common in 

certain categories of foods (for example, cobalamin is predominantly 

found in fortified foods and animal products) (Fall & Kumaran, 2019). 

Additionally, birthweight is a known marker for fetal nutrition and has 

been found to be associated with childhood obesity and overweight risk in 

many studies (Andriani, 2021; Matthews et al., 2017; Qiao et al., 2020). 

Hence prenatal maternal dietary changes could, through an effect on 

birthweight, affect children’s risk of childhood obesity and overweight. In 

the following paper, the effect of prenatal maternal dietary exclusion on 

child BMIz and childhood obesity and overweight risk will be investigated.  

 

4.2  Submitted paper



61 
 



62 
 



63 
 



64 
 



65 
 



66 
 



67 
 



68 
 



69 
 



70 
 



71 
 



72 
 



73 
 



74 
 



75 
 



76 
 



77 
 



78 
 



79 
 



80 
 



81 
 



82 
 



83 
 



84 
 



85 
 



86 
 



87 
 



88 
 



89 
 



90 
 



91 
 



92 
 



93 
 

 



94 
 

4.3  Implications 

This paper illustrates the importance of fetal nutrition to the later 

development of childhood obesity and overweight. It also illustrates the 

complexity of fetal nutrition as dietary supplements did not clearly reduce 

the risk of childhood obesity and overweight. The importance of fetal 

nutrition in contributing to childhood obesity and overweight risk clearly 

substantiates the FOAD hypothesis given that childhood obesity and 

overweight is a risk factor for adult obesity and overweight (Di Cesare et 

al., 2019). Many medications are known to interfere with nutrient 

absorption or utilization, and hence, finding an effect for dietary exclusion 

lends credence to the notion that prenatal maternal medication 

consumption may contribute to childhood obesity and overweight. 
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CHAPTER 5: PAPER 3: THE EFFECT OF PRENATAL 

MATERNAL MEDICATION ON CHILDHOOD OBESITY AND 

OVERWEIGHT 

5.1  Introduction 

Prenatal maternal exposure to some medications and medication classes 

have been examined as possible risk factors for childhood obesity and 

overweight. Among those medications and medication classes are 

metformin (Fornes et al., 2022), antifungals (Cassidy-Bushrow et al., 

2018), and antibiotics (Cassidy-Bushrow et al., 2018). Although there are 

other classes of medications that have not been studied in this context, 

despite reason to suspect they may have an effect, including that many 

medications are known to inhibit the absorption and utilization of certain 

nutrients, including nutrients involved in one-carbon metabolism, which is 

known to programme susceptibility to obesity and overweight (Fall & 

Kumaran, 2019). Whether birthweight plays a mediating role and whether 

dietary supplements play a moderating role in these relationships has not 

been studied. In the following study, these effects were investigated using 

data from the LSAC. 
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5.2 Submitted paper 
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5.3 Implications 

This paper shows that fetal exposure to certain classes of medications is a risk factor 

for childhood obesity and overweight. This further substantiates the importance of 

the prenatal environmental in guiding the development of children, including their 

susceptibility to medical conditions such as childhood obesity and overweight. It also 

shows that dietary supplements are not protective against these effects, unless the 

LSAC data set did not have the required level of detail (like of when dietary 

supplements were consumed during pregnancy and when the medications were 

consumed) to detect an effect.  

 



138 
 

CHAPTER 6: DISCUSSION AND CONCLUSION 

6.1  Introduction 

The purpose of this thesis was to determine the impact of the proposed 

risk factors on childhood obesity and overweight risk and BMIz as well as 

the mechanisms and protective factors involved in these relationships. 

This objective was achieved by chapters 3-5 of this thesis, namely: 

• Chapter 3 investigated the effect of parental alcohol consumption as 

a proposed risk factor.  

• Chapter 4 investigated the effect of prenatal maternal dietary 

exclusion as a proposed risk factor. 

• Chapter 5 investigated the effect of prenatal maternal medication 

use as a proposed risk factor.  

 

6.2  Discussion of key findings 

To understand the impact of parental alcohol consumption and prenatal 

maternal medication use and dietary exclusion on childhood obesity and 

overweight risk and BMIz, each of these proposed risk factors were 

studied separately in each of the research papers included in this thesis.  

 

6.2.1 The effect of parental alcohol consumption on childhood obesity and 

overweight 

This study was necessary as parental alcohol consumption, while 

prevalent in the Australian context (Australian Bureau Of Statistics, 

2022), has not been studied as a possible risk factor for childhood obesity 

and overweight despite a theoretical basis to suspect a linkage. Mediating 

factors and moderating factors in this relationship had also not been 

investigated, even though these factors could represent alternative 

targets for public health policy when targeting parental alcohol 

consumption is impractical. This study consisted of secondary data 

analysis of LSAC data to investigate these effects. Specifically, linear, and 

multinomial logistic models were fitted to each wave individually to test 

for an age-specific effect of parental alcohol consumption on child BMIz 
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and weight status, respectively. Generalized estimating equations were 

also fitted for a pooled wave analysis to test for these effects across child 

age 2 to 15 years. Mediation analysis was conducted using the Iacobucci 

(2012) method. Moderation analysis was conducted using the PROCESS R 

macro of Andrew F. Hayes. 

 

Paternal alcohol consumption frequency of greater than once a year was 

negatively correlated with child BMIz in the pooled wave analysis. 

Individual wave analyses showed no significant effect of parental alcohol 

consumption on child BMIz. Typically, paternal alcohol consumption 

frequency was associated with lower risks of unhealthy weight statuses 

(like underweight, overweight and obesity) when it was associated with 

any effect, although greater than triweekly alcohol consumption was 

associated with a higher risk of child underweight in wave 2. Moderation 

effects involving parental warmth were usually associated with higher 

BMIz, although there were exceptions wherein the opposite effect was 

observed. None of the studied proposed mediating factors had a 

mediating effect.  

 

These results suggest that while adult alcohol consumption is an 

important public health issue due to its prevalence and effects on the 

adults themselves (Australian Bureau Of Statistics, 2022; Hendriks, 

2020), it is unlikely to have a significant adverse effect on their children in 

terms of childhood obesity and overweight risk. Although, there may be 

an effect of parental alcohol consumption contribution to child 

underweight, for which parental warmth may be a protective factor.  

 

6.2.2 The effect of prenatal maternal dietary exclusion on childhood obesity 

and overweight 

This study was important as some mothers, either due to personal 

preference or medical reasons, omit certain food items from their diet 

during pregnancy. It is known that certain nutritional deficiencies like of 
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folate (Wang et al., 2016), as well as famine (Ravelli et al., 1976), can 

impact upon the offspring’s risk of developing obesity and overweight 

later in life. Despite this, no previous studies have been identified that 

investigated the effect of prenatal maternal dietary exclusion on childhood 

obesity and overweight risk. Whether birthweight mediates this effect or 

dietary supplements are protective against this effect also remain 

understudied, despite a theoretical basis to suspect a role for them. If 

dietary supplements were protective against the effect, it would suggest 

that dietary supplements could be used to mitigate the effect when 

dietary exclusion was unavoidable (such as when it was due to medical 

reasons). The analysis to determine whether prenatal maternal dietary 

exclusion impacted upon child BMIz, and childhood obesity and 

overweight risk was conducted using linear models and multinomial 

logistic models, respectively. Mediation analysis was conducted using the 

Iacobucci (2012) technique and moderation analysis was conducted using 

the PROCESS R macro. 

 

Exclusion of fish and eggs from the prenatal maternal diet was associated 

with higher risks of unhealthy weight status, when it was associated with 

any effect on weight status. Exclusion of dairy was associated with a more 

mixed effect; sometimes it was associated with a higher risk of unhealthy 

weight status and sometimes with a lower risk. Exclusion of other foods 

was associated with lower risk of unhealthy weight statuses when it was 

associated with any effect on weight status. Child birthweight’s mediation 

effect did not reach statistical significance. The moderation effect of 

dietary supplement use was associated with higher BMIz and usually a 

higher risk of obesity or overweight.  

 

These findings suggest that the Australian Government’s healthy 

pregnancy campaign should recommend specifically that mothers 

consume fish and eggs as part of their diet (Australian Government 

Department of Health and Aged Care, 2023). Dietary supplements should 
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not be recommended as a way of mitigating the effect of avoiding fish and 

eggs during pregnancy as they do not seem to be protective and may 

even have a detrimental effect.  

 

6.2.3 The effect of prenatal maternal medication on childhood obesity and 

overweight 

This study was important as some mothers consume medications during 

pregnancy due to medical necessity. Some previous studies have 

investigated the effect of certain classes of medication like antifungal and 

antibiotic medications, but there are several classes that had not been 

investigated until this study. Furthermore, the role of birthweight in 

mediating the effect of medications on childhood obesity and overweight 

risk had not been studied. This is even though many medications are 

known to inhibit the absorption or utilization of certain nutrients and child 

birthweight is a marker of fetal nutrition. Additionally, the effect of dietary 

supplements on the effect of medications on childhood obesity and 

overweight have been unstudied, even though many medications are 

known to inhibit the absorption or utilization of essential nutrients that 

dietary supplements can provide. This study consisted of secondary data 

analysis of LSAC data. Specifically, linear, and multinomial logistic models 

were fitted to test for an effect of prenatal maternal medication on child 

BMIz and childhood overweight and obesity risk, respectively. Mediation 

analysis was conducted using the Iacobucci (2012) method and 

moderation analysis using the PROCESS R macro. 

 

Most classes of medication, except for antibiotics, were associated with 

higher risks of unhealthy weight status when they were associated with 

any effect on weight status. The effect of antibiotics on weight status was 

more mixed. When medication classes were associated with changes in 

BMIz, they were associated with lower BMIz and never had an effect 

across more than one wave. Child birthweight did not mediate any of 

these effects. Some moderation effects existed with regards to dietary 
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supplement use. Sometimes these moderation effects were associated 

with higher risks of childhood obesity/overweight and higher child BMIz 

and other times with lower risks and lower child BMIz.  

 

These findings suggest that it is generally advisable for mothers to avoid 

medications during pregnancy, although antibiotics may be an exception. 

Although, it is important to note that these results could be due to an 

effect of the underlying condition the medications were intended to treat 

rather than of the medication itself. For instance, other studies have 

established that prenatal maternal antibiotics themselves do not increase 

obesity and overweight risk in children, but instead the underlying 

infection they were prescribed to treat does (Li et al., 2020). 

 

6.3  Recommendations 

Excessive alcohol consumption by parents should be discouraged. 

Moderate alcohol consumption does not appear to be associated with any 

negative effects on children in this study. Fish and egg consumption 

during pregnancy should be encouraged. Medication use during pregnancy 

should be discouraged, with prescription antiemetics and heartburn 

medications and OTC analgesics and anti-allergy medicines and other OTC 

medications being exceptions. Dietary supplements should not be 

encouraged as a strategy for protecting against the effects of medication 

use or dietary exclusion during pregnancy.  

 

6.4  Contribution of the thesis 

This thesis created new knowledge on risk factors for childhood obesity 

and overweight. In addition, new knowledge was generated regarding the 

mechanisms and moderating factors underlying the effects of the risk 

factors studied. This research also raised important questions that can 

help guide further research. 
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As far as the author is aware, Chapter 3 is the first study to investigate 

the effect of parental alcohol consumption on childhood obesity and 

overweight risk, and BMIz. As such, it has provided the first evidence in 

humans on this possible risk factor. This is also the first study to 

investigate the possible mediating effect of child dietary habits, child 

physical activity, child alcohol consumption, parental warmth, child sleep 

quality and parental hostility in this relationship. Additionally, no other 

study has investigated the possible moderating effect of parental warmth.  

 

Filling these gaps in chapter 3 also helps to inform public health 

campaigns related to alcohol consumption in adults as it could provide a 

further reason to discourage excessive alcohol consumption in adults 

beyond their own health. Australian statistics show that over a quarter of 

Australian adults drink to an extent that has been associated with 

detrimental health effects in human studies (Australian Bureau Of 

Statistics, 2022) and hopefully having further data on the detrimental 

effects of alcohol can help motivate public health campaigns. Knowing the 

mechanisms of these effects and moderating factors in this relationship 

also provides ways of safeguarding the health of children whose parents 

are unable to reduce their alcohol consumption, such as because of 

addiction.  

 

Prenatal maternal dietary exclusion also had never been investigated as a 

risk factor for childhood obesity and overweight, to the best of the 

author’s knowledge and hence Chapter 4 fills this research gap. No 

previous study has investigated the mediating effect of child birthweight, 

nor the moderating effect of dietary supplement use, and these are other 

research gaps Chapter 4 fills. This also helps illuminate the importance of 

prenatal maternal diet and nutrition on child health, which has already 

been investigated but from different angles (like famine and vitamin 

deficiencies) (Devakumar et al., 2014; Ravelli et al., 1976).   
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Filling these gaps in chapter 4 will help inform public health campaigns 

related to diet in pregnancy, such as the Australian Government’s healthy 

pregnancy campaign (Australian Government Department of Health and 

Aged Care, 2023). Whether dietary supplements impact upon this effect is 

also important to know as it can inform mothers that exclude certain 

foods from their diet due to health or other reasons a further way of 

safeguarding their child’s health if excluding those foods seems to 

predispose children to overweight or obesity.  

 

Chapter 5 is the first study on the effect of thyroid medication, 

antiemetics, asthma medications, antihypertensives and antidepressants 

on childhood obesity and overweight risk and BMIz that the author is 

aware of. No study has investigated the mediating effect of child 

birthweight, nor the moderating effect of dietary supplement use in these 

relationships either. Additionally, no previous study has investigated the 

mediating effect of child birthweight, nor the moderating effect of dietary 

supplement use in the effect of prenatal maternal antibiotics, antidiabetics 

and antifungals on childhood obesity and overweight risk and BMIz. 

Consequently, these are research gaps that Chapter 5 fills.  

 

Filling these gaps in chapter 5 can help inform clinicians and pharmacists 

in the medication advice they give expectant mothers. It helps reinforce 

the evidence for the safety of some medications during pregnancy (such 

as antibiotics (Li et al., 2020)) and helps show the potential harm of some 

others and hence guide decisions made regarding medications during 

pregnancy. Knowing whether dietary supplements can moderate these 

effects is also important for informing such clinical decisions, as they 

could provide an alternative way of protecting children exposed to 

developing obesity.  

 

Filling these research gaps also furthers the understanding of FOAD and 

DOHaD. Chapter 3 could help further the understanding of the role of 
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postnatal factors in the development of childhood obesity and overweight 

and hence advance the understanding of DOHaD. This is important as 

most DOHaD research has focused on prenatal development (Fleming et 

al., 2018). One proposed mechanism that could not be examined in this 

study was that child stress could have led to the effects of parental 

alcohol consumption on childhood obesity and given other proposed 

mechanisms were not substantiated by the mediation analysis, it seems 

probable that this mechanism is at least one mechanism by which 

parental alcohol consumption impacts upon childhood obesity and 

overweight. Especially since chronic stress leads to higher serum cortisol 

concentrations which affects adiposity (Russell & Lightman, 2019). 

Chapter 4 and 5 could further the understanding FOAD by adding to the 

evidence for the importance of fetal one-carbon metabolism (Steegers-

Theunissen et al., 2013) in the development of childhood obesity and 

overweight. Additionally, they could illustrate the importance of other 

nutrients that do not appear to be related to one-carbon metabolism in 

the development of childhood obesity and overweight. 

 

This research also raised an important methodological question. Namely, 

how does one account for all the potential complexities of variable 

relationships? It is conceivable that the reason the results obtained for 

each of these risk factors were at times rather underwhelming (with 

significant effects only found for some waves or some variables) is due to 

unaccounted for interactions between variables. It is possible, for 

instance, that parental alcohol consumption’s effects are moderated by 

socioeconomic factors. Maybe the apparent link between high paternal 

drinking frequency and child underweight was due to the father being the 

primary source of income for the family and when the father is frequently 

intoxicated, they are less able to earn an income to feed their children. 

Likewise, it is possible that an interaction term between the exclusion of 

all animal-derived foods should have been included in the prenatal 

maternal dietary exclusion analysis as animal-derived foods are rich in 
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cobalamin, which is known to play a pivotal role in one-carbon 

metabolism. Machine learning may be better suited for checking for such 

complex relationships (Colmenarejo, 2020). 

 

6.5  Limitations and avenues for further research 

Most limitations of this study originate from the fact that it is based on 

LSAC data. As LSAC is an observational study that was not designed to 

detect causal relationships, causal inferences cannot be made based on 

its data. LSAC also did not record many known risk factors for childhood 

obesity, such as gestational weight gain and prenatal maternal BMI, which 

meant these known risk factors could not be controlled for or had to be 

controlled for using proxy variables.  

 

Many LSAC variables also lacked important details, like in the case of 

prenatal maternal medication use the dataset did not record at what time 

in pregnancy the medication was taken. It is also not known whether 

dietary supplements, when they were taken, were taken at the same time 

or after dietary exclusion or medication use and hence the conclusions 

from Chapters 4 and 5 about the moderation effect of dietary 

supplements on the effect of prenatal maternal dietary exclusion and 

medication consumption on childhood obesity and overweight risk were 

based on flawed evidence.  

 

Many details about the mother’s health during pregnancy were also not 

recorded in the LSAC dataset and these details would be important to 

control for when studying prenatal maternal risk factors as they are 

possible confounders. Additionally, many cases had missing data across 

some of the variables, and this required that these cases had to be 

excluded from the analysis and since the missing data did not seem to be 

MCAR, the independence assumption of the hypothesis tests may be 

violated.  
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Consequently, it is recommended that further studies be conducted to 

investigate these associations. These follow-up studies should record all 

known risk factors for childhood obesity in the required detail and record 

the proposed risk factors studied in this thesis in greater detail. It is likely 

that future studies will have to be observational and not experimental, 

due to ethical considerations. Gianicolo et al., 2020 provides methods by 

which observational studies can be used to establish causality and it is 

recommended that future studies investigating these links follow their 

recommendations. Randomized controlled trials should be used to 

investigate possible interventions aimed at preventing childhood obesity 

and overweight based on these risk factors once they are established by 

observational studies designed to establish causality. 

 

6.6  Concluding remarks 

This thesis has shown that parental alcohol consumption, prenatal 

maternal dietary exclusion and medication consumption all have 

complicated relationships with childhood obesity and overweight risk and 

BMIz. This thesis is intended to inform Australian public health policy. It 

has identified multiple potentially modifiable risk factors for childhood 

obesity and overweight, such as excessive parental alcohol consumption, 

mothers abstaining from fish and eggs during pregnancy and mothers 

consuming prescription asthma medications, antidepressant medications, 

thyroid medications, other prescription medications and over-the-counter 

heartburn medicines during pregnancy. No mediating factors were 

identified, but parental warmth and dietary supplements were moderating 

factors with regards to parental alcohol consumption and the prenatal 

maternal risk factors.  
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APPENDIX A 

Below is Figure 1 (titled “Proposed relationship between variables”) from 

Research Paper 2. Per PLoS One guidelines it was submitted to the journal as a 

separate file from the manuscript. 
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