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Abstract 

Parenting interventions reduce mental health problems in children. Considerable 

research has explored the psychosocial pathways of treatment effects; however, less is 

known about the biological mechanisms of intervention outcomes. Thus, the over-

arching goal of the current work was to contribute to the literature on the biological 

influences of parenting-based treatment outcomes, using a candidate gene approach. 

Through a meta-analysis (Study 1) and intervention study (Study 2) the present work 

examined the effects of the Dopamine Receptor D4 (DRD4) gene and attachment on a 

child’s response to parenting-based interventions, with a focus on adolescent samples.  

Study 1: A meta-analysis and systematic review were performed to provide an overview 

of the literature. Articles were retrieved from PsycINFO, Medline and Proquest 

databases, relevant journals, and a manual search. In total, k = 27 articles were 

obtained, with k = 12 representing unique samples, and data available from k = 10 

studies. Articles were coded to obtain effect size data and study characteristics. High 

inter-rater reliability was achieved. Overall, results replicated previous findings of gene-

by-intervention effects. The combined effect size of the intervention in the genetically 

“susceptible” group was statistically significant and yielded a small effect (d = -0.34), 

while the “non-genetically susceptible” group’s results were not statistically significant 

and yielded a negligible effect (d = -0.01). Sub-analyses on the DRD4 gene and 

attachment-based interventions followed similar patterns. There was a paucity of 

research on adolescent samples, and thus a qualitative literature review was performed.   

Study 2: A study on a sub-sample (N = 341) from the provincial evaluation of the 

Connect Parent Group was performed on the role of DRD4 and attachment on youth 

outcomes. Demographic information, attachment ratings, and measures of 

psychopathology were collected from youth self-report at pre-, mid-, post-treatment and 

at 6 month follow-up. Primary analyses were conducted using structural equation 

modeling to test a mediated moderation model. Partial support for the hypotheses was 

observed.  

This work was one of the first to assess the genetic moderation of parenting-based 

intervention outcomes in adolescents. Clinical implications for tailoring parenting 

interventions are discussed.  
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Chapter 1. Overview 

Parenting interventions, including attachment-based parenting groups, sensitivity 

training and behavioural management programs, are associated with reductions in 

internalizing and externalizing problems in children (e.g., Moretti et al., 2015; Stattin et 

al., 2015; Woolfenden et al., 2002). While considerable research has explored the 

psychological and relational pathways of these treatment effects, far less is known about 

the biological mechanisms involved in how such interventions “get under the skin.” More 

specifically, there is a paucity of information on how genetic factors influence treatment 

outcomes, particularly during adolescence. The more that is understood about the 

multifaceted mechanisms of treatment effects, the better we will be at tailoring 

interventions to meet the needs of families.  

Gene-by-environment interaction studies have garnered significant research 

attention in the development and maintenance of psychopathology; however, these 

findings have not been conclusive (e.g., Culverhouse et al., 2017; Karg et al., 2011). 

These studies measure very complex phenotypes and the role of any one single gene 

variant is small. Another contributor to these mixed results is that there has been 

significant variability in how these interactions have been assessed (e.g., definition of 

environmental factor, a variety of outcomes) and the quality of the study methodologies. 

Intervention studies provide a unique opportunity to examine gene-influenced effects in 

response to exposure to specific and clearly defined environmental conditions and often 

with high-risk or clinical samples that may better capture the outcome of interest. 

Research on parenting programs can explore developmentally appropriate questions 

related to gene-environment interplay in child and adolescent samples, with more direct 

clinical implications.  

The overarching goal of the current work is to contribute to literature on the 

biological mechanisms of parenting intervention outcomes, through a candidate gene 

approach. More specifically, the present study will examine the effects of one candidate 

gene, Dopamine Receptor D4 (DRD4), on psychopathological symptoms over the 

course of an attachment-based treatment that focuses on the caregiver-adolescent 

relationship. Additionally, the mediating role of attachment will be examined as one 

mechanism of treatment effects.  
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This dissertation work will explore the relationship between these factors through 

a systematic review and meta-analysis (Study 1) and an intervention study of the 

Connect Parent Group (Connect) (Study 2). In the following chapter a description of the 

background theory and empirical support that guides both studies will be provided 

(Chapter 2). Next, Study 1 and 2 will be discussed including their respective 

introductions and hypotheses, methodologies, results and study-specific discussions 

(Chapter 3 and Chapter 4). Following, supplementary analyses will be described 

(Chapter 5). This thesis will conclude with an overall analysis of the clinical implications 

and conclusions of this dissertation work (Chapter 6 and Chapter 7).  
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Chapter 2. Background 

 Introduction 

In the following chapter the theoretical framework and the main empirical 

evidence used to guide this dissertation research will be described. At the outset, the 

differential susceptibility hypothesis, which is the fundamental theory adopted to interpret 

gene-by-intervention interactions in this work, will be explained. Following, the 

adolescent period of development will be described in order to acknowledge the unique 

developmental considerations required in this research. Next, the DRD4 gene and 

attachment will be discussed, with a focus on how these variables relate to adolescence. 

Finally, information on Connect will be provided, including a description of the group 

format, guiding theoretical principles, and empirical support for the intervention.  

 Theoretical Framework  

One prominent model for examining gene-by-environment interactions is the 

differential susceptibility hypothesis (Belsky, 1997; Belsky & Pluess, 2009). This 

evolutionary-based theory posits that individuals enter the world with different 

susceptibility to adapt to their environments. In other words, some children are more 

influenced by their environment, for better and for worse. The analogy often used to 

capture this model and its counterparts (e.g., biological sensitivity to context; Boyce & 

Ellis, 2005) is that some individuals are somewhat impervious to the environment and 

can grow anywhere like “dandelions.” Conversely, some individuals are more like 

“orchids,” in that they are sensitive to changes in the environment and require certain 

conditions to thrive. This susceptibility is linked to greater challenges in the face of 

adversity, and positive outcomes in more supportive environments. Differential 

susceptibility is a promising model for research examining parenting interventions where 

changes related to improved environment are expected but may vary in impact. 

Several candidate genes have been examined in association with individual 

differences in susceptibility to the environment (for a non-exhaustive gene list, see 

Appendix A) (Belsky & Pluess, 2009). The most frequently examined markers of 

plasticity have been the short (“S”) allele of the serotonin-transporter-linked polymorphic 
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region (5-HTTLPR) gene and the DRD4 gene (7+ repeats or higher).  As this area of 

study has expanded, other genes related to the dopamine, serotonin and oxytocin 

systems (as well as others) have also been explored; however, the DRD4 has remained 

one of the main genes of interest in intervention research. Moderation by the DRD4 

gene has yielded promising effects, particularly in younger samples and in prevention 

research with adolescents (O’Donnell & Moretti, 2015; van IJzendoorn & Bakermans-

Kranenburg, 2015). However, there is limited research examining DRD4 as a moderator 

of parenting interventions in older children and adolescent samples.  

 Developmental Context: Adolescence  

Adolescence is a period of rapid development. From a social perspective, 

adolescents experience important changes in their relationships such as an increased 

focus on peer relationships, as well as early romantic partnerships. Despite commonly 

held beliefs, relationships with parents and caregivers remain important during 

adolescence. They provide support and encourage growth, and play a critical role in 

healthy adolescent development (e.g., Eisman et al., 2015; Moretti & Pele, 2004). 

Adolescents develop their sense of identity within their relationships and in many ways 

these relationships assist them in preparing for adult life. Thus, input from their 

environment, such as the nurturance and empathy provided by their caregivers, is very 

important. Adolescence is also posited to be the period of development where internal 

working models (schema) of the self, others and relationships become more integrated 

and associated with adult patterns (Allen & Land, 1999, as cited in Fearon et al., 

2014).These schema are associated with attachment relationships. However, we know 

that not all adolescents respond to their environment in the same way; therefore, 

adolescent genotype may be one critical factor to consider within this developmental 

period.   

In parallel to the social changes, adolescents undergo physical changes such as 

increased size, puberty, and rapid neural development. Adolescence is also a critical 

period for the development of the dopamine system. The adolescent brain is growing 

and refining neural connections and this is particularly noteworthy in the prefrontal cortex 

(PFC) and striatum, areas connected to the dopamine system (Paus et al., 2008). The 

PFC is an area associated with executive functioning (e.g., planning, working memory, 

organizing ideas) and the striatum is linked to reward processing. Evidence suggests 
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that variation in DRD4 repeats is associated with PFC cortical thickness and striatum 

functioning (Padmanabhan & Luna, 2014). Differences in the structure and functioning of 

these brain regions are linked to differences in behaviours, including inattention in 

children and teens (Fernández-Jaén et al., 2015), adolescent substance abuse 

(Chambers, Taylor, & Potenza, 2003), and engagement in risky behaviours (Steinberg, 

2008), to name a few. Variation in the DRD4 gene is not only linked to differential 

response to the environment, but also the development of brain regions that are 

associated with adolescent behaviour. Importantly, these areas are affected by variation 

in the DRD4 gene, and undergo significant developmental changes during adolescence. 

This developmental process is partly shaped by environmental inputs. 

 Dopamine Receptor D4 (DRD4) 

Dopamine is part of the catecholamine class of neurotransmitters. Dopamine is 

associated with attention, impulsivity, executive functioning, and the behavioural 

activation system. Indeed, evidence from human and non-human animal studies suggest 

that variation in the DRD4 gene is associated with the salience of reward and punishing 

stimuli (e.g., Gentry et al., 2019). Across species, these systems are linked to approach 

behaviours such as motivation and addictions (Comings et al., 1999). There are six 

dopamine receptors and the DRD4 gene codes for the Dopamine Receptor D4. DRD4 

has a 48-base pair Variable Number Tandem Repeat (VNTR) that ranges from two to 11 

repeats. The variation in DRD4 functioning is linked to differences in these repeats 

(length), as well as the single-nucleotide polymorphism (SNP) variation in the 48-bp 

VNTR in exon 3 (OMIM, 2013). The DRD4 gene is most densely expressed in the frontal 

cortex and amygdala (Murray et al., 1995, as cited in Pappa et al., 2015) and the DRD4 

gene is linked to projections connecting the mesolimbic and mesocotrical regions of the 

brain. Variation in the number of repeats (often higher numbers of repeats, although 

evidence remains mixed) is associated with functional differences in the efficiency of the 

dopamine system, as well as neural functioning and behavioural outcomes. The most 

commonly assessed variant in psychiatric research is the 7+ repeat or “long” variants 

(usually seven repeats or higher, hereafter referred to as 7+ repeat). 

In regard to psychopathology, variation in the number of DRD4 repeats has been 

associated with both internalizing and externalizing disorders, as well as intermediate 

phenotypes. For example, some research evidence has observed an association 
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between the 7+ repeat variant of DRD4 and an increased risk for psychopathology, such 

as Attention-deficit hyperactivity disorder (ADHD) (Faraone et al., 1999; Swanson et al., 

1998), alcohol problems (Daurio et al., 2019), initiation of smoking in adolescents 

(Laucht et al., 2008), and decreased inhibitory control in adults (Congdon et al., 2008). 

However, results concerning the direct impact of genes have been mixed (e.g., Leon et 

al., 2005; Schinka et al., 2002). Several factors such as inadequately powered studies 

are important contributors to the replication failures. Also, findings indicate that the 

DRD4 gene (and most candidate gene variants, in general) does not affect behaviour 

directly, and likely moderates the impact of the environment on an individual (e.g., 

Bakermans-Kranenburg, & van IJzendoorn, 2006).   

Research has demonstrated an interaction between the 7+ repeat variant of 

DRD4 gene and exposure to negative environmental conditions, resulting in increased 

risk for psychopathology in adolescents. For example, in one study, children with the 7+ 

repeat (or higher) exposed to less sensitive and responsive care as infants were more 

likely to display behaviour problems during adolescence (Nikitopoulos et al., 2014). 

Equally, children exposed to more responsive care were less likely to display 

externalizing problems as adolescents. Furthermore, pre-adolescents from low 

socioeconomic backgrounds possessing the susceptibility variant of the DRD4 gene 

were found to display the highest level of externalizing behaviours (Nobile et al., 2007). 

The “for better” side of susceptibility has been found in a study of children with the 7+ 

repeat gene and exposed to positive rearing environments (as measured through 

attachment security), who were shown to display more prosocial behaviours than those 

with the gene variant and no secure attachment (Bakermans-Kranenburg & van 

IJzendoorn, 2011).  

However, evidence supporting DRD4-by-environment interactions has been 

equivocal (see Bakermans-Kranenburg & van IJzendoorn, 2011, Pappa et al., 2015, for 

meta-analytic evidence, as well as studies such as Lavigne et al., 2013). Indeed, Pappa 

and colleagues (2015) performed a systematic review and meta-analysis of the   

biological and behavioural differences associated with variation of the DRD4 gene in 

child and adolescent, non-clinical samples. The goal of this work was to examine the 

evidence related to functional differences associated with the number of VNTR of the 

DRD4 gene. Their review highlighted the considerable caution that must be exercised 

when performing research with the DRD4 gene, as there is inconsistent evidence linking 
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variation in the number of repeats with functional outcomes. Of note, in the studies 

included in their review, there was a paucity of research on adolescent samples, and 

none that were high-risk or clinical samples. 

Due to the mixed findings in the literature, attempts have been made to shed light 

on the reason for these discrepant results. It has been posited that the interaction 

between DRD4 and the environment may be elicited in the context of chronic stressors 

or significant difficulties, and thus most readily observed in higher-risk or clinical 

samples. This pattern of effects is highlighted in adolescent samples. In a recent study of 

N = 1860 adolescents from the Tracking Adolescents’ Individual Lives Survey, Brinksma 

et al. (2019) found no main effect or interaction of the 5-HTTLPR or DRD4 genes on 

ADHD symptoms measured over time. However, in their sample, drawn from both the 

general population and a clinic-referred (general outpatient clinic), their measure of 

environment was of less severe stressors such as variability in home climate (e.g., family 

communication style) and school climate (e.g., having a trusted teacher). Indeed, 

Zandstra, Ormel, Hoekstra, and Hartman (2018) examined the same sample in the 

context of chronic stressors (e.g., family financial stress, chronic health problems) on 

externalizing problems. Both parent and youth report revealed higher levels of 

externalizing problems among carriers of the 7+ repeat variant when youth were 

exposed to higher levels of chronic stressors. Thus, while more research is needed to 

shed light on these interactions in adolescent samples, some key insights can be 

obtained from research on parent-teen relationship and attachment research. 

 Attachment 

Attachment is a fundamental, “innate behavioural–motivational system” (Del 

Giudice, 2009, p. 2) that persists from “cradle to grave.” The concept of attachment was 

first proposed by John Bowlby (1980) as an adaptive system that ensures offspring 

survival by keeping the child in close proximity to the caregiver. One of the main roles of 

the caregiver is provide their offspring protection and to encourage their exploration. A 

secure attachment is associated with sensitive parenting that encourages autonomy. 

Parent-child interactions characterized by reciprocity, warmth, increased reflective 

functioning and empathy lead to security in the parent-child relationship.  
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Attachment can be classified in different ways across development. Young 

children are generally classified as either having a secure, anxious, avoidant (Ainsworth 

et al., 2015), or disorganized (Main & Solomon, 1990) attachment. Over development, 

attachment behaviours change and there is an increased need for   autonomy and 

attachments with peers and romantic relationships. However, the need to have their 

parents’ function as their safe haven and secure base persists into adulthood. As such, 

attachment evolves into adolescence. One common classification system in adolescence 

is the use of two dimensions: attachment anxiety and attachment avoidance 

(Bartholomew & Horowitz, 1991). Attachment anxiety is the extent to which individuals 

feel uncertainty that their caregiver will be available to offer support in times of distress. 

Attachment avoidance is the extent to which caregivers have been emotionally 

unavailable or unresponsive, and thus, individuals learn that their needs are likely not to 

be met.  

With respect to attachment and genetics, evidence suggests that attachment 

increases in heritability across adolescence and early adulthood (Barbaro et al., 2017). 

The heritability of attachment has been observed in a large-scale twin study of 15-year-

old adolescents (r = .42 for monozygotic twins versus r =. 2 for dizygotic twins) (Fearon 

et al., 2014). Regarding the DRD4 gene specifically, several researchers have linked 

variation in this gene to attachment. As mentioned, dopamine and DRD4 functioning are 

associated with the increased salience of reward and punishments. As such, the rewards 

of nurturing, supportive relationships would be associated with increased dopamine 

response and have a greater impact on more susceptible individuals. Conversely, it is 

posited that the impact of adverse experiences would have an increased negative 

impact. Lakatos and colleagues (2000) further explained reasons for the involvement of 

the DRD4 gene in attachment-related outcomes. They noted that DRD4 is implicated in 

the mesolimbic dopaminergic system which is involved in the “attentional, motivational 

and reward mechanisms” (Lakatos et al., 2000, p. 633) and that the D4 receptor has 

been associated with “preferential expression in cortical and limbic regions involved in 

cognitive and emotional processes” (Lakatos et al., 2000, p. 633) two areas of 

behavioural functioning that are strongly linked to attachment outcomes. 

  While the link between DRD4 and attachment has been examined in the 

literature, research support has been mixed. In the Lakatos et al. (2000) study of a 

community sample of 103 infants, possessing the 7+ repeat variant was observed to be 
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more present in infants categorized as having a “disorganized” attachment, compared to 

children with an organized attachment style (e.g., secure, insecure avoidant, insecure 

ambivalent). However, in another sample, DRD4 did not moderate the stability of 

attachment security measured in infancy and attachment security measured in early 

adulthood (at ages 19 years and 26 years) (Raby et al., 2013). The mixed main effect 

findings in candidate gene studies are consistent with the models of gene-by-

environment interactions. A gene-by-environment study of a dopamine composite scale 

(DRD4, DAT1 and COMT) examined a mediated moderation of interparental conflict on 

adolescent externalizing problems through security in the interparental system (e.g., fear 

when parents argue) (Davies et al., 2019). They found that individuals with a higher 

dopaminergic sensitivity score displayed increased externalizing problems in the face of 

increased parental conflict, and less externalizing problems when exposed to lower 

levels of parental discord. The authors examined the moderation by each gene in the 

composite separately, and noted the DRD4 gene was the only gene to yield significant 

results, following the pattern of the primary analyses.  

Regarding adolescent attachment and mental health, research has revealed 

associations between teen attachment security and concurrent mental health outcomes 

(e.g., Sund & Wichstrom, 2002), as well as future emotional functioning (Collins et al., 

2002; Pascuzzo et al., 2013). Furthermore, attachment security has been found to be 

amenable to change among adolescents when exposed to increased maternal sensitivity 

(Beijersbergen et al., 2012). Additionally, in a sample of adolescents in foster care, those 

who were exposed to higher levels of parental sensitivity from their foster parents 

developed a secure attachment. In turn, adolescents with a secure attachment displayed 

fewer disruptive behaviours and more stable placements in care than adolescents in 

foster care but exposed to less sensitive parental care (Joseph et al., 2014). 

 Connect Parent Group 

Connect is a manualized attachment-based group for parents and alternate 

caregivers of pre-teens and teens (Moretti & Braber, 2013). Connect is an evidence-

based program that integrates components from research on attachment, child 

development, and intervention science. Fundamentally, the program focuses on the core 

components of secure attachment to promote children’s social, emotional, and 

behavioural adjustment.  
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Connect is a 10-week program with each session an hour and a half. Each week 

covers a different principle to build and strengthen the core tenets of attachment (see 

Appendix B). Parents acquire new skills through participating in reflection exercises, 

discussion, role-plays and some didactic elements. For example, parents observe 

leaders act out a conflict between a parent and their teen, and then are invited to reflect 

on what each person may be thinking and feeling. The exercises aim to increase 

caregivers’ sensitivity and reflective functioning as well as their ability to manage and 

regulate their own emotions and those of their children, in a developmentally informed 

way (Moretti et al., 2017). Together these skills support parents of pre-teens and 

adolescents who struggle with significant child behaviour problems and mental health 

issues.   

The program is led by two facilitators. Facilitators of Connect come from a variety 

of backgrounds (e.g., social workers, Masters-level clinicians, and psychologists) and 

are required to complete a three-day intensive training program. Subsequently, 

facilitators are supervised by a Connect supervisor in order to demonstrate competency. 

Fidelity to the program is ensured through supervision to certification and ongoing 

collection of parent feedback and program satisfaction information. Recertification is 

based on review of feedback from all groups that are facilitated over a set period. 

Research has demonstrated that participation in Connect is associated with 

improved parental internal representation of themselves, their teen, and the parent-teen 

relationship (Moretti & Obsuth, 2009; Moretti et al., 2012). In turn, the modifications of 

parent representations of their relationship were associated with parent reported 

decreases in youth internalizing and externalizing problems following treatment (Moretti 

et al., 2012). These results have been replicated in a larger study of Connect showing 

reductions in youth’s internalizing and externalizing problems (Moretti et al., 2015). 

Moretti and colleagues (2015) examined the mechanisms of Connect treatment effects. 

Decreases in parental reports of their child's attachment avoidance were associated with 

reductions in externalizing symptoms, and decreases in parental reports of their child’s 

attachment anxiety was associated with reductions in internalizing symptoms. 

Connect has also been shown to be effective in several randomized controlled 

trials (RCT) across varied sample types. One study compared Connect to other 

parenting interventions for parents of children (Högström et al., 2017). Researchers 
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found that all interventions were associated with large reductions in child externalizing 

behaviours. However, Connect was the only intervention (compared to behavioural 

interventions) that was associated with long-term improvements in child behaviour and 

sustained gains in positive parenting (i.e. reduced harsh parenting). Similar findings were 

observed in an RCT comparing Connect with other interventions in a sample of 

adolescents (Alfredsson et al., 2018). Again, all interventions were associated with 

decreases in maladaptive parenting practices (e.g., reduced parental emotional 

outbursts and increases in parents’ understanding of their children). Yet, Connect was 

the only intervention that was associated with significant decreases in youth mental 

health difficulties post-treatment, and with persistent reductions at follow-up. Additionally, 

in a sample of Somali-born parents residing in Sweden, families randomly assigned to 

Connect showed significant decreases in total mental health problems, and especially 

externalizing difficulties at a 2 month follow-up (Osman et al., 2017). 

Evidence suggests that Connect participation benefits parental mental health and 

well-being. Specifically, the reduction of adolescent challenges has positive effects for 

parents. In a randomized control trial of Italian parents of teens with significant behaviour 

problems, Connect was shown to decrease adolescent externalizing problems, and 

these decreases were linked to a decrease in parental stress (Ozturk et al., 2019).    

 Summary 

In sum, there is mounting evidence indicating that variation in the DRD4 gene 

and exposure to differences in parenting behaviours are associated with offspring mental 

health outcomes. However, findings in this area of research have been mixed, and thus 

meta-analyses, independent replication, and exploration of previously overlooked 

questions are needed. Indeed, adolescence is a critical window to examine these 

relationships due to the biological and social sensitivity to inputs from the environment 

during this time. Examining the effects of DRD4 in the context of caregiver interventions 

may shed light on the biological underpinnings of treatment effects. Moreover, exploring 

the role of increasing security in the adolescent-caregiver relationships will further 

elucidate the mechanisms of treatment outcomes.  

 



12 

Chapter 3. Study 1: Meta-Analysis and Review 

 Introduction 

To broadly examine the role of candidate genes in the moderation of treatment 

parenting outcomes, a qualitative review of the literature was performed as well as 

quantitative analyses. In 2015, van IJzendoorn and Bakermans-Kranenburg performed a 

similar review that examined the genetic moderation of randomized controlled trials in 

child and youth samples. In their meta-analysis van IJzendoorn and Bakermans-

Kranenburg (2015) analyzed 20 studies that examined the genetic moderation of 

randomized controlled trial intervention outcomes, adopting a differential susceptibility 

model framework. The studies included in their review spanned nano-trials (i.e., lab-

based experimental manipulation, k = 2), micro-trials (e.g., smaller-scale, real-world 

manipulation of the environment such as computer-based reading tasks, k = 8), and 

macro-trials (i.e., interventions, k = 10). This meta-analysis found overall support for the 

differential susceptibility model, such that children who possessed susceptibility genes 

(i.e., the 7+ repeat of the DRD4 gene or the short allele of the 5-HTTLPR gene) 

performed better in interventions compared to children without those variants. These 

findings were most robustly observed in the “macro-trial” that predominantly consisted of 

parenting-based studies (k = 8).  

Since this work was published, several more studies have been completed. As 

the range of studies increases, there is a need to update a review of this ever-evolving 

field. Moreover, the range of interventions included in the original van IJzendoorn and 

Bakermans-Kranenburg (2015) study varied widely (e.g., school-based intervention and 

parent training). Indeed, the importance of developing our understanding of the complex 

relationship between genetics and characteristics of these interventions (e.g., 

intervention characteristics and parent-child interaction patterns) has been emphasized 

in recent literature reviews (Belsky & van IJzendoorn, 2017; Overbeek, 2017). Thus, the 

focus of Study 1 was to conduct a meta-analysis to address the main questions of the 

current work, while also extending the analyses performed by van IJzendoorn and 

Bakermans-Kranenburg (2015) with the addition of the latest evidence.  

The current systematic review and meta-analysis will address the main questions 

of this dissertation in several ways. The aims are three-fold:  
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1) Parenting and Attachment Interventions: The first aim was to systematically 

review the literature on the genetic moderation of parenting interventions. The 

goal of the review was to obtain a deeper understanding of the features of the 

interventions, participants, and manner in which each study performed genetic 

analysis. One particular area of focus for this research was to explore whether 

unique patterns in attachment-based intervention studies could be observed. 

Following, to quantify the role of the genetic moderation of parenting-focused 

interventions, a meta-analysis was performed. This meta-analysis is an extension 

of the work performed by van IJzendoorn and Bakermans-Kranenburg (2015) in 

the current, larger sample of parenting-based intervention studies. It was 

predicted that consistent with the previous work, a larger effect size would be 

observed between treatment and control groups in the sample of children 

possessing the susceptibility genes, compared to those without genetic 

susceptibility to the environment.  

In addition, to explore the effect of development, the differences in results were 

explored with a focus on samples of adolescents. The question of the role of 

adolescence was examined through a narrative review of the studies that have 

focused on interventions performed with parents of teens. 

2) Dopamine Receptor 4 gene (DRD4): The second aim of the study was to 

elucidate the relationship between interventions and the DRD4 gene. To avoid 

redundancy in the literature review, this question was only addressed in a 

separate meta-analysis of studies that have included the DRD4 gene. It was 

hypothesized that the parallel findings from the overall meta-analysis would be 

found within studies examining the DRD4 gene.  

3) Attachment: The third aim was to examine the role of attachment in these 

findings. This relationship was first examined with a meta-analysis of the studies 

that examined attachment security as a treatment outcome. It was hypothesized 

that similar findings expected in the overall meta-analysis (i.e., greater treatment 

response in genetically susceptible children and youth) would be also observed 

within studies examining attachment as an outcome. The question was also 

systematically examined within the context of the entire body of literature on the 
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mediating and moderating factors of treatment outcomes such as increased 

parental sensitivity. It was also posited that one of the mechanisms of treatment 

change would be through changes in parenting practices and changes in the 

child (such as increased security, reduction in unhelpful cognitions of the self). 

For each question, as appropriate, the literature will be examined with a systematic 

review and then followed by the quantitative analyses.  

 Method 

3.2.1. Meta-Analytic and Review Approach 

The approach to the current meta-analysis is guided by the PRISMA-P (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses-Protocol) guidelines to 

ensure a transparent and thorough review process (as explained in Shamseer et al., 

2015), using their 17-item checklist (see Appendix C). Additionally, components of the A 

MeaSurement Tool to Assess systematic Reviews (AMSTAR) criteria (Shea et al., 2017) 

were included to ensure the methodological quality of the review (e.g., enhanced 

transparency of the search and inclusion criteria). 

3.2.2. Study Selection 

Pertinent studies were collected systematically using the PICOC approach 

(population, intervention, comparison, outcomes (and context)) to guide the literature 

search and ensure a wide-ranging review. The databases used were PsycINFO, 

PubMed, and Proquest. The reference lists of the retrieved studies, and related literature 

were manually searched for additional relevant studies. Key journals that publish in this 

area (e.g., Development and Psychopathology, Prevention Science) were also examined 

for additional studies. Retrieval history was organized following a modified PRISMA 

group (modified from Moher et al., 2009). One of the noted limitations of meta-analyses 

is the potential for biased samples (i.e., “garbage in, garbage out”) and missing 

unpublished studies. This wide search was designed to reduce the bias in the studies 

included in the analyses (Rosenthal, 1979). In addition, in order to ensure the 

completeness in the data included, when information (either needed for effect size 
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calculation or to code study characteristics) was not included in the published report, 

authors were contacted for the additional data. 

3.2.3. Search Terms 

The search terms used in the current study were modeled on and expanded from 

van IJzendoorn and Bakermans-Kranenburg’s (2015) search criteria. In addition, key 

Medical Subject Headings (MeSH) from papers in the area that have been previously 

retrieved were included to ensure a comprehensive list of search terms. The search 

terms related to genotype were: “gene*”, “candidate gene”, “allel*”, “genotyp*”, 

“genome”, “single nucleotide polymorphism (SNP)”, and “multigene”. Specific candidate 

genotypes that are often examined in the literature were also examined including 

“DRD4”, “5-HTTLPR”, “BDNF”, “OXTR” and “NR3C1”. These terms were searched in 

combination with intervention-related search terms including: “attachment-based 

intervention”, “behaviour management training”, as well as “treatment” or “intervention” 

with “parent*”, or “caregiv*”. 

3.2.4. Inclusion Criteria 

A detailed set of criteria were established to determine whether a study would be 

included in the analyses (see Appendix D and E). For a study to be included in the 

analyses, the outcome needed to be based on the results from a parenting intervention 

(e.g., attachment-based, behaviour management interventions). To be as inclusive as 

possible, studies that examined random assignment to foster care were included as well 

as studies where parenting was a component of a larger, multi-component intervention. 

Studies also needed to include a measure of a candidate gene. In light of the focus of 

this review on offspring outcomes, each study was required to have some form of 

outcome measure of child functioning. Studies were required to be published in English 

or French as these are the languages read by the author (K. O.). The search was limited 

to children under the age of 19 (or where the mean and median age fall within this age-

range). When demographic or other relevant information was not clearly reported or 

missing from the publication, the study authors were contacted for the information.  

With respect to study selection, in the case that more than one study was 

published using the same dataset, article section was decided based on the hypotheses 
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of the current study (see Appendix F for the decision tree). These criteria were selected 

to address questions of the current study. For example, priority was placed on research 

that examined broader mental health problems (e.g., externalizing behaviours) over 

narrower behaviours (e.g., specific substance use). Studies where the outcome was 

measured during the developmental period of interest (childhood or adolescence), 

versus a longer-term follow-up in adulthood were also selected. To allow for the 

examination of key moderators of interest (e.g. age), studies that examined specific 

samples were prioritized over those that examined more than one type of intervention 

together (i.e., samples from multiple studies combined).  

Table 1. Article Search Procedure and Results 

 

 

One deviation from the original van IJzendoorn and Bakermans-Kranenburg 

(2015) meta-analysis procedure was made in the present study. When a study examined 

multiple time-points, van IJzendoorn and Bakermans-Kranenburg (2015) used the 
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measure immediately following the intervention to calculate the study effect size. In the 

current project, the last time-point within the developmental period of interest was used 

instead to calculate the effect sizes. Many of the studies in the review examined the 

preventative intervention effects on substance use, and it is a behaviour that is primarily 

observed in later development (i.e., adolescence).  

Upon retrieving all studies, all searches were screened through exporting to 

Endnote, as well as Microsoft Word or Excel documents to organize the articles and 

determine duplicates. The final list that was examined in closer detail (i.e., whether the 

study was possibly appropriate for the study), was placed in an Excel file.  

3.2.5. Coding  

Studies were retrieved from the relevant databases and then retained based on 

study inclusion or exclusion criteria. Retained studies were coded based on specific 

factors (see Appendix G coding scheme). Basic information was coded including the 

number of subjects providing DNA samples, age group of participants, and study 

location. Studies were also coded for intervention characteristics, including type of 

intervention that was performed. Participant characteristics that were coded included the 

percentage of female participants, mean and standard deviation of the child and parent 

age, ethnicity of the sample, and primary mental health diagnosis or symptoms. When 

data were missing from the published article, authors were contacted for the information. 

A subset of coded study characteristics is included in Table 2.  

Prior to coding, interrater reliability was verified by two independent coders. 

Raters were trained through discussion and practice examples. To do this, 20% of the 

studies selected for the review were chosen at random. Interrater reliability was 

calculated using either the intraclass correlation coefficient (ICC) for continuous data or 

Cohen’s kappa (k) for categorical data. Percent agreement was used on occasion when 

helpful. An acceptable level of concordance between rater scores was set at a kappa 

value of .8 or higher (McHugh, 2012). However, in cases where the percent agreement 

was 80% (i.e., 4/5 studies were coded the same way by the two raters) it was decided 

that this would override a lower ICC or k value (McHugh, 2012). Overall, there was close 

to 100% agreement between the raters (see Appendix H for all reliability results). The 

areas where there were more disagreement (measure type and caregiver type) seemed 



18 

to be due to definitional issues (e.g., whether parent type was “unknown” or could be 

assumed to be biological parents). Discrepancies between raters were handled by 

refining criteria terms, discussion between raters, and recoding. These were reviewed 

and five new studies were then coded. The article coding yielded strong interrater 

reliability across all items. In cases where k was less than .8 (e.g., Caregiver type, 

Parent self-report, Observation intervention type, Intervention target) there was only one 

score difference between raters (i.e., four out  five studies coded or 80%  agreement) 

and were thus retained.  

 Results 

The search was performed on research articles until June 2017, and extended 

with more focused search criteria to include studies published until October 20181. The 

search revealed that there were 27 studies appropriate for the systematic review; 12 

studies (to avoid redundancy in the samples) were appropriate for the meta-analysis, 

and this included 4 new studies that were not included in the previous review. At the time 

of the present analyses, data from k = 10 studies were available for analysis2. Sample 

sizes for each study are included in Table 2, and the sample included in each set of 

analyses will be presented before each meta-analysis. To see a breakdown of the 

search process, see Table 1. Studies included in the meta-analysis are denoted with an 

“*”. For each research question, as appropriate, the qualitative review will be presented 

first, followed by the quantitative analyses.  

3.3.1. Question 1: Is there a genetic moderation of parenting-based 
interventions?  

A total of 27 studies were retrieved and met criteria for the systematic review, 16 

of which were new or not included in the van IJzendoorn and Bakermans-Kranenburg 

(2015) paper. Within the studies included in this review there was a variety of 

interventions (for a brief overview of each intervention, please see Appendix I). The 

                                                

1 The search terms included were simplified (to contain the search), and were more in-line with the 
journal search terms used (e.g., “gene*” AND “intervention”). Several checks were put in place 
including reviewing works citing lists to ensure no articles were missed. 

2 Data from the PROSPER study and the Johns Hopkins Prevention Intervention Research Center 
study were not available at the time of the dissertation work. 
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interventions fell into four main categories. The first category of interventions were 

programs that included only a parenting-only intervention component. These programs 

focused on parenting skills and behaviours such as improved communication and 

empathy. Importantly, in these interventions, only the parents participated in the 

program. The second type of intervention fell into the category prevention interventions. 

In these interventions, the treatment took place with individuals who were deemed “high 

risk” to develop psychopathology or challenging behaviours (e.g., substance use). The 

third category of intervention was comprehensive interventions that included a range of 

components such as work in the classroom context, as well as a parenting program. It is 

important to note the overlap between categories as comprehensive interventions 

included a parenting intervention, and in the case of the interventions included in this 

meta-analysis, they were generally behavioural in focus. The fourth type of intervention 

included in these analyses was enhanced foster care, which included the Bucharest 

Early Intervention Program (BEIP). 

Note, within the qualitative review there was a greater proportion of 

comprehensive intervention studies included (41%) compared to the meta-analysis 

(10%), due to multiple studies published on the same data and two projects not 

submitting data to be included (discussed below). Conversely, there were proportionately 

more studies of parenting only studies in the meta-analysis (50%) than in the overall 

qualitative review (22%).  

Parenting-Only Interventions  

Within the parenting-only interventions the theoretical approaches varied. There 

were a few attachment-informed interventions. Broadly, the focus of attachment 

interventions is increasing parental sensitivity and responsiveness to their child’s needs. 

Of the studies included in the current review, those using an attachment-based 

intervention had smaller samples. Bakermans-Kranenburg and colleagues (Bakermans-

Kranenburg et al., 2008) examined the effect of variation in the DRD4 gene on the 

Video-feedback Intervention to promote Positive Parenting-Sensitive Discipline (VIPP-

SD) program. Among carriers of the 7+ repeat variant there was a greater decrease in 

externalizing behaviours following treatment, compared with children that were not 

carriers of the variant. Of note, these results were mirrored in a study examining cortisol 
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levels in these children, with the greatest reduction in cortisol found in the 7+ 

repeat/intervention group (Bakermans-Kranenburg et al., 2008). 

Morgan and colleagues (2017) examined the role of the 5-HTTLPR genotype on 

attachment security in an intervention performed during the perinatal period (Thula 

Sana) with a sample of high risk families in a community in South Africa. Community 

health workers met with women in the last trimester of pregnancy. Using the World 

Health Organization guidelines and the Neonatal Behavioral Assessment Scale, their 

work focused on increasing maternal sensitivity to their child’s “capacities and needs” 

(Morgan et al., 2017, p 6). The authors found a significant gene-by-intervention 

interaction, such that children possessing one or two copies of the “S” allele (i.e., greater 

genetic susceptibility) displayed a higher rate of attachment security compared to 

controls. Conversely, there was a negligible difference between treatment and control 

groups without the susceptibility variant. These results were not replicated when using 

maternal genotype.  

Among a sample of maltreating families, Cicchetti, Rogosch, and Toth (2010) 

examined the effects of child–parent psychotherapy (CPP) or a psychoeducational 

parenting intervention (the groups were combined for analysis purposes) compared to a 

control group. The authors found that genetic variation in the 5-HTTLPR and DRD4 gene 

was not associated with increased attachment security following intervention. 

Within the parenting-only interventions there were behaviourally focused 

programs. These behavioural interventions target a range of behavioural and emotional 

challenges in children and youth. The focus of behaviour management training is on 

increasing child and youth prosocial and/or desired behaviours through the use of 

positive reinforcement, while aiming to decrease less desired behaviours through 

“sensitive, consequent disciplining practices” (Overbeek, 2017, p. 144) such as ignoring 

misbehaviour. The genetic moderation of behaviourally focused parenting treatments 

has yielded mixed results. The ORCHIDS study in the Netherlands for example, 

examined the genetic moderation of several candidate genes on outcomes of the 

Incredible Years program in children 4 to 8 years of age. They found that variation of the 

5-HTTLPR gene did not moderate the relationship between intervention and 

externalizing behaviours (Weeland et al., 2018). Conversely, Chhangur and colleagues 

(2017) examined the effects of a polygenic risk score (including DRD4) on externalizing 
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problems. They found that there was a significant interaction between increased genetic 

risk and externalizing problems. More specifically, the intervention was most effective in 

decreasing parent-reported externalizing behaviour for males with a higher polygenic 

susceptibility scores, particularly at follow-up. Note, in the current review, only DRD4 

data from the study were included in the meta-analysis based on a priori criteria, and the 

effect size differences between the susceptible and non-susceptible groups were similar 

(both results were less than a “small” effect). 

Van den Hoofdakker and colleagues (2012) examined the role of the dopamine 

transporter (DAT1) gene in moderating the outcomes of a behavioural parent training 

intervention in a sample of children with a DSM-IV diagnosis of Attention Deficit 

Hyperactivity Disorder (ADHD). Overall, treatment was effective at reducing externalizing 

problems. Among children with two copies of the DAT1 10-repeat alleles (deemed the 

non-susceptible group) there were no significant differences in symptoms between 

treatment and control groups, following treatment. However, children with one or no 

copies of the 10 repeat variant, fared better within the treatment condition. More 

specifically, the differences between pre- to post-treatment in that group demonstrated a 

large effect (d = 1.25) compared to controls (d = .21). A limitation of this study was the 

small sample size (N = 50), and therefore replication with a larger sample is necessary. 

Musci and colleagues (2014) performed a randomized control trial comparing a 

school-based behaviour treatment with a family-based intervention and a control group. 

The treatments were guided by behavioural principles and the family intervention was 

designed to, “improve collaboration between parents and teachers and school mental 

health professionals, and to enhance parents’ teaching and behaviour management 

skills” (Musci et al., 2014, p.834). The researchers examined the moderation of both 

interventions by 12 SNPs of the Brain-derived Neurotrophic Factor (BDNF) gene on 

impulsivity and aggression over time (i.e., across grade 6 to grade 12). They did not find 

a genetic moderation by parenting intervention effect; however, there was an observed 

reduction in symptoms as a function of one of the 12 BDNF SNP clusters and the 

school-based intervention. No comparison of the non-intervention control group was 

reported. 
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Enhanced Foster Care Intervention    

Foster parenting provides a change in the caregiving system; yet the type of 

support a foster family receives (i.e., parenting courses) varies by jurisdiction. The BEIP 

is a randomized control trial to examine the impact of high-quality, enhanced (i.e., 

supports for foster parents, longer placements) foster care on children placed in 

orphanage institutions in Romania (Zeanah et al., 2003). Through work of the BEIP 

study and others like it, evidence of the extremely deprived rearing conditions of the 

orphanages in Romania during the rule of Nicolae Ceauşescu, were documented. 

Children underwent extreme physical, emotional, and educational neglect. In turn, the 

children presented with considerable delays across a range of developmental outcomes. 

The project has also shown the benefits of foster care on a wide range of child 

outcomes. Brett et al. (2015) and Humphreys et al. (2015) examined whether there was 

a moderation of 5-HTTLPR on the BEIP intervention on externalizing behaviour 

outcomes. Both studies supported a differential susceptibility model whereby individuals 

with two copies of the “S” allele (S/S) showed the most externalizing behaviours when 

assigned to the “care as usual” (CAU) group, and the least when placed in foster care 

(FCG). BDNF “Met” carriers displayed more disturbed attachment symptoms in the CAU 

group, and the least if assigned to foster care (FCG). A parallel set of results were found 

in the S/S carriers of the 5-HTTLPR group, such that there were no statistical differences 

between the CAU and FCG in the non-susceptible group for either BDNF or 5-HTTLPR 

(Val/Val or “L” carriers, respectively).   

The BEIP also examined the influence of other genes. Drury et al. (2010) 

examined the moderation of BEIP by the BDNF gene on depressive symptoms when the 

children were 54 months of age. The authors compared symptoms in carriers of the 

“Met” variant (i.e., Met/Met and Val/Met; the susceptible group) compared to children 

homozygous for the Val allele. Symptoms of depression were lower in “Met” carriers 

compared to the Val/Val children in the CAU group. Carrying a Met variant appeared to 

buffer the impact of harsh rearing conditions many faced in the orphanages.  

Two striking observations of the BEIP study were the noted challenges many 

orphan-reared children faced with forming attachment relationships, and the high rates 

of attachment disorders in the sample. The study also noted that there was variation in 

the degree to which children experienced these challenges. Drury et al. (2012) examined 
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the role of the 5-HTTLPR and BDNF genes in moderating outcomes related to disturbed 

attachment behaviours in the BEIP sample. Results revealed support for a differential 

susceptibility model whereby S/S carriers of the 5-HTTLPR gene and “Met” carriers 

(Met/Met or Val/Met) of the BDNF gene displayed the highest levels of difficulty in the 

control group, and the least difficulty when placed in foster care. There were minimal 

differences in behaviours observed in foster care versus control in the children not 

possessing susceptibility variants of those genes. 

Preventative Interventions  

Of the articles reviewed, all preventative interventions were performed during 

adolescence. Indeed, the studies of interventions targeting the parent-adolescent 

relationship were exclusively interventions that aimed to prevent substance use in high-

risk youth. The Center for Family Research group at the University of Georgia led by 

Gene Brody performed three different prevention interventions to capture the 

developmental needs of pre-teens, adolescents, and youth in the late adolescence/ 

emerging adult period (Brody, 2016). Their interventions included separate parent and 

youth components, as well as a combined session, and were targeted to African 

American families living in rural Georgia. These family-based interventions aimed to 

address the unique needs of this community and provide a culturally-tailored 

intervention. For a further description see Appendix I. 

With respect to the pre-teen and early adolescent group, Brody, Chen, Beach, 

Philbert and Kogan (2009b) examined the moderation of the Strong African American 

Families (SAAF) intervention by the 5-HTTLPR gene on youth engagement in risky 

behaviours. The authors found that youth in the control group with genetic susceptibility 

to the environment (i.e., one copy of the short allele) displayed the most substantial 

increase in engagement in risk behaviours at follow-up, compared to the intervention 

group. In other words, the intervention provided a protective effect for youth with genetic 

susceptibility. In addition, in a follow-up study, they found that methylation of the OXTR 

gene mediated the moderation of substance use initiation, amongst carriers of the “S” 

variant of the 5-HTTLPR group (Beach et al., 2018).   

Beach, Brody, Lei, and Philibert (2010), also examined the genetic moderation of 

DRD4 on the SAAF intervention, with a focus on substance use. Again, the researchers 

found support for the differential susceptibility model. SAAF was associated with 
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reductions in past month substance use in individuals with at least one copy of the 7+ 

repeat variant, and those in the control group fared the worst. In the comparison group 

(youth homozygous for the 4 repeat variant) there was little difference between the 

outcomes of the treatment and control groups. Of note, the authors ruled out passive 

gene effects of the parent genotype by examining the moderation of treatment with the 

inclusion of parent genotype on youth substance use; these results were not significant.  

With regard to the adolescent sample, Brody and colleagues (2014) examined 

the moderation of the Strong African American Families-Teens (SAAF-T) intervention by 

the DRD4 gene. Results revealed no significant intervention-by-gene interaction. 

However, there was a significant 3-way interaction whereby males with the 7+ repeat 

gene in the control group showed larger increases in substance use than the 

intervention group (of either group for youth without the susceptibility variant). This 

suggests that into adolescence, with the onset of puberty as well as other social and 

emotional changes that characterize that time, gender may also contribute to the 

response to interventions. 

Within the older adolescent and early adult sample, Brody, Yu, and Beach (2015) 

examined the role of DRD4 in the moderation of the Adults in the Making (AIM) 

intervention. Male gender and increased family risk were associated with increased drug 

use. Youth who were members of “high risk” families with the 7+ repeat DRD4 gene in 

the intervention displayed a less substantial increase in their substance use over time, 

compared with the control group who displayed the greatest increase. Interestingly, 

these results were not found in youth without the same genetic vulnerability and 

designated as part of a “low risk” family.   
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Table 2. Article Characteristics 

Authors (Year) Intervention 
Name 

Intervention Type Genetic 
Variants   

Sample 
type  

N = recruitment/ 
N = included in 
genetic analyses 

Age range Majority 
Ethnicity 

Primary Outcome 

*Albert et al. (2015a) FAST 
TRACK 

Comprehensive 
 

NR3C1  HR  891/242  6-12/ 13+ Mixed Delinquency, alcohol use, 
cannabis use  

Albert et al. (2015b) FAST 
TRACK 

Comprehensive 
 

NR3C1  HR  891/461 6-12/ 13+ Mixed Problem behaviour  

*Bakermaans-
Kranenburg et al. (2008) 

VIPP-SD Parenting-Only  DRD4 Cl. 237/157 0-5 White Externalizing problems 

*Beach et al. (2010) SAAF Preventative DRD4 
5-HTTLPR 

HR  677/337 6-12 African 
American 

Substance use 

Beach  et al. (2018) SAAF Preventative 5-HTTLPR HR 677/388 6-12 African 
American 

Substance use  

*Brett et al. (2015) BEIP Enhanced Foster 
Care 

5-HTTLPR RO 187//102 0-5 Mixed Externalizing problems 

Brody et al. (2009)  SAAF Preventative  5-HTTLPR HR 641/539 6-12 African 
American 

Risky behaviours 

*Brody et al. (2014) SAAF-T Preventative  DRD4 HR 692/461 13+ African 
American 

Substance use 

Brody et al. (2013) SAAF and 
SAAF-T 

Preventative DRD2 
DRD4 
ANKK1 
TaqI A 
GABRG1 
GABRG2  

HR ~1169/963 6-12/ 13+ African 
American 

Alcohol use 

*Brody et al. (2015) AIM Preventative  DRD4 HR 367/255 13+ African 
American 

Drug use 

*Chhangur et al. (2017) IY Parenting-Only  COMT 
DAT1 
DRD2 
DRD4 
MAOA 

HR 20,084/359 6-12 White Externalizing behaviour 
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Authors (Year) Intervention 
Name 

Intervention Type Genetic 
Variants   

Sample 
type  

N = recruitment/ 
N = included in 
genetic analyses 

Age range Majority 
Ethnicity 

Primary Outcome 

*Cicchetti et al. (2011) CPP/ PPI Parenting-Only  DRD4,  
5-HTTLPR 

HR 189/92 0-5 Mixed Attachment security 

Cleveland et al. (2015) PROSPER Comprehensive DRD4 
5-HTTLPR 

General 2267/ 545 6-12 White Alcohol use 

Cleveland et al. (2018b) PROSPER Comprehensive ADH1B 
ADH1C 
ADH4 

General 2032/1885 6-12 White Alcohol use 

Cleveland et al. (2018a) PROSPER Comprehensive OXTR General 2032/1418 6-12 White Alcohol use 

Drury et al. (2012) BEIP Enhanced Foster 
Care 

BDNF 
5-HTTLPR 

R 187/ 98 0-5 Mixed Indiscriminate social behaviour 

Drury et al. (2010) BEIP Enhanced Foster 
Care 

COMT R 187/ 98 0-5 Mixed Symptoms of depression 

Humphreys et al. (2015) BEIP Enhanced Foster 
Care 

5-HTTLPR R 187/102 0-5 Mixed Externalizing problems 

*Morgan et al. (2017) Thula Sana Parenting-Only  5-HTTLPR HR 4549/220 0-5 African 
(Black) 

Attachment security 

Musci et al. ( 2014) JHU PIRC Comprehensive BDNF R 678/Not 
reported  

6-12 African 
America 

Aggressive and impulsive 
behaviours 

Russell et al. (2018) PROSPER Comprehensive GABRA2 General 2032/1920 6-12 White Alcohol Misuse 

Schlomer et al. (2015) PROSPER Comprehensive DRD4 General 979/580 6-12 White Aggressive behaviour 

Schlomer et al. (2017) PROSPER Comprehensive 5-HTTLPR General 10 849/1,809 6-12 White Substance misuse initiation 

*van den Hoofdakker et 
al. (2012) 

BMT Parenting-Only DAT1 Clinical 94/50 6-12 White ADHD symptoms, behaviour 
problems 

Vandenbergh et al. 
(2015) 

PROSPER Comprehensive CHRNA5 General 10 849/424 6-12 White Smoking 

Weeland et al. (2018)  IY Parenting-Only  5-HTTLPR HR 20,084/375 6-12 White Externalizing behaviour 

Zheng et al. (2016) Fast Track Comprehensive NR3C1 HR 891 /522 6-12/ 13+ Mixed Alcohol abuse 

AIM: Adults in the Making; BDNF: Brain-Derived Neurotrophic Factor; CHRNA5: Cholinergic Receptor, Nicotinic, Alpha 5 (Neuronal); COMT: Catechol-O-Methyltransferas; CPP: Child–Parent Psychotherapy ; DAT1: 
Dopamine Active Transporter 1; DRD2: Dopamine Receptor D2; DRD4: Dopamine Receptor D4; JHU PIRC: Johns Hopkins Prevention Intervention Research Center; NR3C1:  Glucocorticoid Receptor gene;GABRA2: 
Gamma-Aminobutyric Acid Type A Receptor Alpha2 Subunit; PPI: Psychoeducational Parenting Intervention; Video-feedback Intervention to Promote Positive Parenting and Sensitive Discipline.  
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Comprehensive Interventions 

In the current review, broad inclusion criteria were adopted to maximize the 

number of studies included. Interventions where parenting was a component of a larger 

intervention package were included. Two main studies fell into this category. The 

PROSPER (PROmoting School-community-university Partnerships to Enhance 

Resilience) study is a community-based intervention that combines a “menu” of several 

evidence-based interventions administered by teachers and parents (Spoth et al., 2004). 

The focus of the interventions is promoting, “social norms, personal goal setting, 

decision-making, peer group affiliation, the parent-child relationship, and family-

functioning” (Russell et al., 2018, p 3). Schlomer and colleagues (2017) aimed to 

replicate SAAF findings (Brody et al., 2009) on the moderation of the 5-HTTLPR gene of 

intervention effects on the initiation of substance use (i.e., alcohol, marijuana, other 

drugs) in a predominantly White sample. The authors found that individuals with the 

susceptibility variant (one copy or two copies of the short or “S” allele) in the intervention 

group had the slower rate of substance use initiation compared to controls, and 

compared to children without one copy of the S variant. These results were sustained 

when controlling for ethnicity.  

The PROSPER study also examined the role of DRD4. Schlomer and colleagues 

(2015) found that DRD4 did not moderate the results of PROSPER on child aggressive 

behaviour. However, youth reports of maternal hostility moderated the relationship 

between intervention and child outcomes. Similarly, Cleveland et al. (2015) examined 

the effect of maternal involvement, DRD4 and 5-HTTLPR genes, and intervention on 

youth alcohol use. The three-way interaction was significant for both genes (i.e., gene by 

maternal involvement by intervention), but the two-way interactions (i.e., gene by 

intervention) were not significant for either gene, suggesting the more complex models 

(e.g., with mediating and/or moderating factors) were needed to capture effects. 

Russell and colleagues (2018) examined the role of the GABRA2 (SNP 

rs279845) genotype on youth alcohol misuse and drunkenness (i.e., “frequency of being 

intoxicated or drunk from alcohol in the past month” [Russell et al., 2018, p. 32]) in the 

PROSPER sample. Children possessing the TT genotype in the intervention condition 

displayed a significant attenuation in their rates of alcohol misuse between the ages of 

12.5 to 17 years, with the benefits from the intervention most evident around age 13.5 
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years, compared with controls. The intervention condition did not yield significant effects 

in the youth with one or two copies of the “A” allele (i.e., AT and AA carriers), revealing 

that the intervention did not appear to significantly reduce alcohol misuse for these youth 

at any age compared with controls.  

The PROSPER study also examined the effects of less commonly studied 

genetic variants. Based on their role in metabolizing alcohol, Cleveland et al. (2018b) 

examined the effect of the Alcohol Dehydrogenase (ADH) 1C and 1B genes. These 

genes were associated with differences in alcohol use growth trajectories across both 

early and later adolescence. ADH1B was associated with steeper alcohol use slopes, 

but did not interact with intervention status. However, a gene-by-intervention interaction 

was observed for the ADH1C gene. Individuals with greater genetic risk displayed the 

most notable increase in alcohol use between grades 6 to 9, and more attenuated 

increases were observed without these genes. 

With respect to smoking (i.e., past month use, and frequency of use), 

Vandenbergh and colleagues (2015) examined five Cholinergic Receptor, Nicotinic, 

Alpha (CHRNA5) SNPs as they are linked to the nicotine receptor subunit, and are 

markers often associated with smoking. The authors found a significant interaction for 

one of the five SNPS (rs16969968). There was a difference in smoking behaviours in 

youth homozygous for the A variant in the intervention, in comparison to controls, as well 

as youth carriers of a G variant (AG and GG) in either the treatment or control groups. In 

another study on the PROSPER sample, the authors examined five OXTR SNPs 

(combined score) and the effects on substance use in the 9th grade (Cleveland et al., 

2018a). Findings revealed no main effects of intervention and OXTR status, or 

interaction on a youth’s own substance use. There were also no observed differences in 

the subgroup that participated in the family-based intervention. The three-way interaction 

with peer substance use was significant, and is described in detail the section on 

treatment mediator and moderators below. 

The second comprehensive intervention in this area of study is the Fast Track 

prevention program (Conduct Problems Prevention Research Group [CPPRG], 1992, 

2000). Fast Track is a multicomponent intervention (e.g., targeting teachers, parents, 

and youth) for children at increased risk for aggressive and acting out behaviours. The 

intervention commenced when the children were in the first grade and components 
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continued through grade 10. The Fast Track study examined the moderation of child 

outcomes in relation to 10 SNPs of the glucocorticoid receptor (NR3C1) gene. Albert et 

al. (2015b) found that children in the intervention group displayed less externalizing 

behaviours, compared with controls. Of the 10 SNPs examined, only one (rs10482672) 

yielded significant results and only in children of European-American children decent. 

Variations in that SNP were associated with an increased risk for externalizing 

psychopathology in control group children and a decreased risk for externalizing 

psychopathology in intervention group children. Variation in NR3C1 measured in this 

study was not associated with differential intervention response in African American 

children.  

In a second study, Albert and colleagues (2015a) again examined the influence 

of the rs10482672 SNP of the NR3C1, and focused on the subsample of European-

American children in their study. The aim of the second study was to examine the 

developmental trajectory of externalizing problems across childhood and adolescence 

(proximal developmental phenotypes), and into adulthood. First, the authors confirmed 

that individuals with one or more of the susceptibility variants of the gene (the “A” allele) 

showed a significant decrease in externalizing problems in the intervention group during 

the childhood years (grade 3 to 6) and these effects grew even larger in adolescence 

(from grade 7 to two years post-high school). Second, carriers of the susceptibility 

variant were less likely to display externalizing difficulties at age 25 compared to 

individuals without the variant (non-carriers). Conversely, individuals in the control 

condition, possessing the “A” allele displayed more externalizing problems compared to 

the control group. These results in adulthood were mediated through the effects during 

childhood and adolescence.  

Zheng et al. (2018) examined the moderation of youth (grade 7 to two years post-

high school) alcohol abuse (5+ drinks) by the NR3C1 gene over time in the Fast Track 

study. Past year alcohol consumption generally increased over time; however, African 

American youth consistently reported lower levels of alcohol use than their European 

American counterparts. In this study, among the 10 SNPs examined, significant results 

were only observed in African American youth for the rs12655166 SNP of the gene. In 

the control group, the slope was stronger among “C” carriers (CC and CT) than those 

without (i.e., TT), and with each year increased odds of endorsing alcohol abuse was 

1.63 stronger than each additional copy of the “C” allele. 
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Overall Meta-Analysis 

The meta-analysis was completed using Comprehensive Meta-Analysis software, 

Version 3 (Borenstein et al., 2013). The results of the individual studies were 

transformed into Cohen’s d to calculate effect sizes. For every study, the effect size of 

the experimental manipulation (i.e., experimental vs. control group) for subjects with the 

polymorphism considered indicative of heightened susceptibility (e.g., DRD4 7+ repeat 

variant, short allele of the 5-HTT gene) and for those with the genotype expected to 

convey low susceptibility (e.g., DRD4 4- repeat allele, long variant of the 5-HTT gene) 

were computed for the final outcome score. Note, consistent with the van IJzendoorn 

and Bakermans-Kranenburg (2015) paper, when including data from the Fast Track 

study, only one SNP was used in the current analyses. A random effects model was 

used because evidence suggests that it best accounts for the heterogeneity of effect 

sizes in behavioural studies and is more conservative approach (Bakermans-Kranenburg 

et al.,  2003).   

The first step of the analyses was to examine the variability among the effect 

sizes informally with graphs (with effect size and confidence intervals plotted). This 

visual inspection was used to flag naturally occurring groupings. During this inspection, it 

was noted that the results from the Cicchetti, Rogosch, and Toth (2010) study (for both 

susceptible and non- susceptible groups) and for Brett et al. 2015 (susceptible group 

only) were outside the bounds of the publication bias funnel plot. As a result, the 

analyses from the main meta-analysis were performed with the studies both included 

and omitted (each study separately and removed together) from analyses.  

Heterogeneity across all 10 studies was also examined using Cochrane’s Q and 

the l2 statistic. Cochrane’s Q measures heterogeneity in the samples and a significant 

score suggests that effects are dissimilar. A comparison between the susceptible group 

suggested adequate homogeneity across samples, Q(9) = 15.92, p = 0.07 albeit with a 

trend toward significant variability in the sample. There was significant heterogeneity in 

the non-susceptible group, Q(9) = 19.46, p <0.05. When the Cicchetti, Rogosch, and 

Toth (2011) and Brett and colleagues (2015) studies were removed, the Cochrane’s Q 

results were indicative of minimal heterogeneity among the susceptible, Q(7) = 7.03, p = 

0.42 and non-susceptible groups, Q(8) = 5.99, p = 0.54. 
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The I2 statistic is also a test to quantify the heterogeneity of study effects, and 

determines the extent to which variation is linked to excessive dissimilarity or chance. 

Scores are categorized in the following ranges (modified slightly from Ryan & Cochrane 

Consumers and Communication Review Group, 2016, p.3): 1) scores 0-40% suggest 

variation might not be important; 2) scores between 30% to 60% suggest that there may 

be moderate heterogeneity; 3) scores between 50% to 90% suggest there may be 

substantial heterogeneity of the effects; 4) scores between 75% to 100% reflect 

considerable heterogeneity in the samples. I2 statistic results should be interpreted within 

the context of other indicators such as the Cochrane’s Q, as well as the direction and 

strength of the meta-analytic effect. In the full sample, the I2 for the susceptible group 

was 44.08% and 53.74% for the non-susceptible group. Of note, the I2 was considerably 

reduced when the Cicchetti, Rogosch and Toth (2011) and Brett and colleagues (2015) 

articles were removed for the susceptible (1.18 %) and non-susceptible (0%) groups 

indicating that those studies were notably different than the others in the sample. 

The first step of the plan to assess publication bias was to compare peer-

reviewed (e.g., journal articles) versus non peer-reviewed (e.g., dissertations) studies. 

However, all data from this study were drawn from peer-reviewed studies. Next, the 

funnel plot of these effect sizes did not significant show publication bias. Publication bias 

was further examined using Begg and Mazumdar (1994) rank correlation, whereby the 

ranking of study effect sizes and the ranks of their variances are correlated (Begg & 

Mazumdar, 1994). The rank correlation was significant for the susceptible group (p-q = -

23.00, p < 0.05) and the non-susceptible group was not (p-q = -3.00, p = 0.79) 

suggesting some level of bias is present in the study selection, and caution should be 

used when interpreting the results.  

Across these studies there were N = 2378 participants total and N = 969 that 

were categorized as being carriers of susceptibility genes. The combined effect size of 

the intervention in this susceptible group was statistically significant and yielded a small 

effect (d = -0.34 [95% confidence interval (CI) = -0.53, -0.15], p < 0.05) (see Table 3). 

Conversely, the combined effect for the non-susceptible group (N = 1409) was not 

statistically significant and yielded a negligible effect (d = -0.01 [95% CI = -0.18, 0.16], p 

= 0.95) (see Table 3). A visual display of the data can be found in Appendix J and K. The 

contrast between the two combined effect sizes indicated a significant difference 

between the groups, Q(1) = 6.57, p < 0.05.  



32 

BEIP and Fast Track interventions are somewhat different than the programs that 

only involved a parenting intervention, and so the analyses were performed again with 

that study removed (k = 8). Across these studies there were N = 1895 participants total 

and N = 793 that were categorized as being carriers of susceptibility genes. The 

combined effect size of the intervention effects in this susceptible group was statistically 

significant and yielded a small effect (d = -0.33, [95% CI = -0.52, -0.14], p < 0.05). Again, 

the combined effect for the non-susceptible group (N = 1102) was not statistically 

significant and yielded a negligible effect (d = -0.06 [95% CI = -0.27, 0.15], p = 0.56). 

The contrast between the two combined effect sizes yielded a trend-level effect, Q(1) = 

3.39, p = 0.07.  

To examine the role of developmental stage on the gene-by-intervention 

interaction, an examination of adolescent samples was performed. Within the set of 

articles retrieved there were only two studies that focused on adolescent samples (Brody 

et al., 2014; Brody, Yu, & Beach, 2015) thus there was not enough studies to 

quantitatively combine the effects. As mentioned above, Gene Brody’s prevention 

interventions focused on adolescent samples and the reduction of substance use. Both 

studies yielded significant results with the DRD4 gene, and the results were primarily 

observed in males.  
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Table 3. Meta-Analysis Results 

Study name Intervention Candidate 
gene 

Cohen's 
D 

Std 
Err 

p = 

  

     

 Albert et al. (2015b) Fast Track NR3C1 0.1 0.11 0.41 

 

Bakermans-Kranenburg et 
al. (2008)  

VIPP-SD DRD4 -0.1 0.19 0.63 

 Beach et al. (2010)  SAAF DRD4 0.25 0.16 0.12 
 Brett et al. (2015) BEIP 5-HTTLPR -0.05 0.13 0.69 
 Brody et al. (2014) SAAF-T DRD4 0.02 0.16 0.88 
 Brody et al. (2015) AIM DRD4 0.27 0.23 0.23 
 Chhangur et al. (2017)  IY DRD4 -0.20 0.13 0.13 

 

Cicchetti et al. (2011)  CPP and 
PPI 

DRD4 -2.05 0.59 0.00 

 Morgan et al. (2017) Thula Sana 5-HTTLPR 0.03 0.21 0.89 

 van der Hoofdaker (2012)  BPT DAT1 0.13 0.39 0.74 
Non-
susceptible 
Group Total   -0.01 0.09 0.95 

       
 Albert et al. (2015b) Fast Track NR3C1 -0.10 0.16 0.53 

 

Bakermans-Kranenburg et 
al. (2008)  

VIPP-SD DRD4 -0.61 0.3 0.04 

 Beach et a. (2010)  SAAF DRD4 -0.31 0.16 0.05 

 Brett et al. (2015) BEIP 5-HTTLPR -1.31 0.49 0.01 

 Brody et al. (2014) SAAF-T DRD4 -0.20 0.14 0.14 

 Brody et al., (2015) AIM DRD4 -0.09 0.20 0.66 

 Chhangur et al. (2017)  IY DRD4 -0.17 0.18 0.33 

 

Cicchetti et al. (2011)  CPP and 
PPI 

DRD4 -2.07 0.86 0.02 

 Morgan et al. (2017) Thula Sana 5-HTTLPR -0.75 0.28 0.01 
 van der Hoofdaker (2012)  BPT DAT1 -0.57 0.43 0.18 
Susceptible 
Group Total    

 
-0.34 

 
0.10 

 
0.00 

       

3.3.2. Question 2: What is the role of DRD4 in moderating treatment 
effects?   

Six out of the ten studies included in the overall meta-analysis examined the 

effects of DRD4. Of the studies retrieved, half of the studies were prevention intervention 

studies that used samples of older child and adolescents. In addition, within these 

studies there were N = 1625 participants total and N = 681 that were categorized as 

being carriers of susceptibility genes. The effect size of the intervention effects in this 

susceptible group was statistically significant and yielded a small effect (d = -0.27 [95% 

CI = -0.46, -0.07], p < 0.05). Consistent with the overall results, the combined effect for 
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the non-susceptible group (N = 944) was not statistically significant and yielded a 

negligible effect (d = -0.1 [95% CI = -0.36, 0.16], p = 0.44). The contrast between the two 

combined effect sizes indicated a nonsignificant difference between the groups, Q(1) = 

0.98, p = 0.32.  

3.3.3. Question 3: What is the role of attachment as a mediator of 
treatment outcomes? What are other examined mediators and 
moderators of treatment outcome?  

The mechanisms of gene-by-parenting intervention outcomes have been 

examined by several researchers. Within the current body of literature, potential 

mediators of gene-by-intervention studies fell into two categories: changes in 

intermediate phenotypes within the child (see summary in Table 4) and changes in 

parenting behaviours (see summary in Table 5). In light of the goal of the current study 

to examine the role of attachment, a factor that is related to both child and parent 

factors, the literature will be summarized below and then examined through a meta-

analysis of attachment security as an outcome.  

Attachment security was examined as an influence on intervention outcomes in 

the BEIP study. Humphreys et al. (2015) assessed the relationship between the 5-

HTTLPR gene and externalizing problems at 54 months, mediated by attachment. The 

authors found no main effects of 5-HTTLPR genotype or attachment security on 

externalizing behaviours at 54 months. However, there was an interaction between 

attachment security and possessing the SS genotype, whereby children with a “typical 

attachment” (i.e., secure and insecure) exhibited less externalizing problems than 

children with an atypical (disorganized and “insecure-other“) attachment style. 

Assignment to foster care also contributed additional variance to the model. 

Additional mediators and moderators assessed in the youth were examined in 

samples of older adolescents in the context of substance-related outcomes. In the 

PROSPER study, Cleveland et al. (2018a) found that adolescents in the intervention 

group generally reported having fewer substance-using friends. Furthermore, higher 

genetic risk (OXTR gene) was associated with having more substance-using friends. In 

addition, individuals with low OXTR risk affiliated with friends who reported less 

substance use in the intervention condition, but not the control condition. Affiliating with 
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high substance-using friends predicted youth alcohol risk regardless of OXTR risk or 

intervention condition. Although high OXTR risk youth in the intervention condition who 

associated with low substance-using friends reported somewhat higher alcohol use than 

comparable youth in the control group, the absolute level of alcohol use among these 

youth was low.  

The AIM intervention (Brody et al., 2015) was associated with reductions in 

vulnerability cognitions related to substance use (e.g., willingness and intention to use 

alcohol and other drugs, idolizing peers who use substances). Vulnerability cognitions 

mediated the gene-by-family risk AIM intervention results. In addition, participants in high 

risk families who carried the 7+ repeat of the DRD4 gene, and were assigned to the AIM 

intervention group had significantly less drug use over time. 

Table 4. Summary of Child-Focused Mediators of Treatment Outcomes 

Study Gene Mediator/ 
Moderator  

Results 

Brody et al. 
(2015)  

DRD4 Vulnerability 
cognitions 
and family 
risk 

Vulnerability cognitions mediated the gene-by-family 
risk-AIM intervention results.  

Cleveland et al. 
(2018a) 

OXTR Peer alcohol 
use  

There was a moderation between OXTR, peer 
substance use and youth substance use.  

Humphreys et 
al. (2015)  

5-HTTLPR Attachment There was an interaction between attachment security 
and genotype. Children possessing the susceptibility 
gene with a “typical attachment” displayed less 
externalizing problems, compared to children with an 
“atypical” attachment style.  

 

Researchers have also examined changes in parenting behaviours that are often 

associated with increased offspring attachment security. Bakermans-Kranenburg and 

colleagues (2008) found that positive parenting (e.g., distraction, induction, and 

understanding) mediated the relationship in the VIPP-SD and DRD4 interaction. 

Interestingly, Weeland and colleagues (2018) did not find a significant gene-by–

intervention interaction; however, they found that among the carriers of the “SS” allele 

(or the genetically susceptible group), there was a decrease in observed negative 

parenting behaviours. Moreover, genetically susceptible children reported higher levels 

of positive parenting and lower externalizing behaviour over time.  
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Specific parenting behaviours were also examined in relation to the prevention of 

substance use in adolescents. Brody and colleagues (2014b) explored the role of 

changes in intervention-targeted parenting behaviours, such as reciprocal 

communication and problem solving, in relation to substance use. Increases in these 

behaviours were associated with decreases in youth substance use; however, these 

effects were observed only in males. In the PROSPER study, maternal involvement 

(e.g., helps with homework, does activities together), DRD4 and 5-HTTLPR genes, and 

the intervention interacted to influence youth alcohol use (Cleveland et al., 2015). 

Increased maternal involvement was associated with less alcohol use in 7+ repeat 

carriers of the DRD4 gene for only those in the intervention group. Conversely, lower 

levels of maternal involvement were associated with increased substance use in carriers 

of the susceptibility gene of the 5-HTTLPR in the control group (compared to non-

carriers).  

Schlomer et al. (2015) examined the effects of DRD4 and maternal hostility on 

outcomes of the PROSPER study, and found gene-by-parenting intervention interactions 

that were notably more complex. To illustrate, adolescents with the 7− repeat  group (in 

the intervention and control groups), and 7+ repeat carriers in the control group showed 

increasing levels of aggression when exposed to high levels of maternal hostility, 

compared to the 7+ repeat adolescents in the intervention group. Among teens exposed 

to lower levels of maternal hostility, aggressive behaviour problems declined at nearly 

twice the rate for 7+ repeat group compared to 7− repeat group (at a statistical trend-

level p<.10). The intervention and control groups were different for 7+ repeat youth, such 

that the 7+ repeat group at high maternal hostility showed a decline in aggressive 

behaviour problems that was significantly different from the increasing aggressive 

behaviour problems found in control 7+ adolescents. In sum, the results indicate that 

while relationships between genetics and mediating factors are important to consider, 

they significantly add to the complexity of the findings and make clinical implications 

more difficult to elucidate. 
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Table 5. Summary of Parent-Focused Mediators of Treatment Outcomes 

Study Gene Mediator  Results 

Bakermans-
Kranenburg 
et al. (2008) 

DRD4 Positive parenting 
practices 

Increased positive parenting behaviours were 
associated with decreased externalizing 
behaviours in children. 

Brody et al. 
(2014a) 

DRD4 Protective parenting 
practices 

Increased protective parenting was associated 
with less youth substance use. 

Brody et al. 
(2014b) 

DRD4 Protective parenting 
practices 

Increased positive parenting was associated with 
decreases in youth substance use. These results 
were found in males alone. 

Cleveland et 
al. (2015) 

DRD4 
5-HTTLPR 
 

Maternal involvement DRD4: Average and higher levels of maternal 
involvement were associated with less alcohol use 
in the intervention group.   
5-HTTLPR: Lower maternal involvement was 
associated with increased alcohol use in 
susceptible youth in the control group versus non-
carriers.  

Schlomer et 
al. (2015) 

DRD4 Maternal hostility The three-way interaction between DRD4, 
maternal hostility and intervention status was 
significant. Differences were observed across 
groups. 

Weeland et 
al. (2018) 

5-HTTLPR Parental affect and 
parenting behaviours  

Positive parenting mediated the relationship 
between the intervention and decreased youth 
externalizing behaviours over time. 

 

Meta-Analysis  

As a follow-up analysis, the studies that examined attachment security as an 

outcome were examined. There were three studies included in these analyses. 

Attachment data was obtained from the BEIP study and examined as an outcome. The 

results revealed that the effect size of the intervention in the susceptible group was 

statistically significant and yielded a medium effect (d = -0.72 [95% CI -1.28, -0.17], p < 

0.05). Interestingly, the combined effect for the non-susceptible group (N = 1102) was 

not statistically significant but yielded a large effect (d = -0.97 [95% CI -2.37 to 0.43], p = 

0.17). These results are likely impacted by the small sample size of studies in the 

analyses (k = 3) and considerable variability in the effect sizes. The contrast between the 

effect sizes indicated a nonsignificant difference between the groups, Q(1) = 0.11, p = 

0.75. 
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 Discussion  

The present review and meta-analyses were performed to shed light on the role 

of candidate genes on parenting interventions. Moreover, the aim was to evaluate and 

update the status of the literature and address specific questions of interest including the 

role of DRD4, attachment and adolescence within this literature. Consistent with 

previous research in the area, differential treatment responses were observed as a 

function of youth genetic susceptibility; however interesting patterns of results revealed a 

more complex story. 

3.4.1. Question 1: Is there a genetic moderation of parenting-based 
interventions?  

The present overall meta-analytic results largely confirm and extend previous 

findings by van IJzendoorn and Bakermans-Kranenburg (2015). The current work 

replicated the overall RCT results, by finding differences in child and youth responses to 

their caregiver’s participation in a parenting intervention as a function of their genotype. 

The current results demonstrated that in a larger sample, that included the full samples, 

small, significant effect sizes in samples possessing the susceptibility variant of a variety 

of genes. Conversely, individuals without the susceptibility gene did not display a 

difference between treatment and controls outcomes at the end of treatment. These 

findings were based on aggregated data from across a range of mental health outcomes 

including substance use externalizing difficulties, and attachment security. The statistical 

comparison of these two groups was also significant.  

The effect size of participants characterized as genetically susceptible obtained 

in the current review (d = -0.34, small effect size) is smaller than results obtained by van 

IJzendoorn and Bakermans-Kranenburg (2015) (r = .34 in the susceptible gene carriers, 

medium effect size). There are a few reasons why this might be the case. First, the 

previous work was based on a slightly different sample of interventions. Not only did the 

current review include new studies, but the full sample was always requested rather than 

a subsample. For example, in Albert et al. (2015a) the results used in van IJzendoorn 

and Bakermans-Kranenburg (2015)’s meta-analysis were based on only White 

participants, and it was reported that results in African American participants were not 

statistically significant. Therefore, the deviation made in the current study’s methods to 
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include the entire sample (from the Albert et al., 2015b study), likely impacted the effect 

sizes. However, it is also important to mention that in the Albert et al. (2015b) study, the 

researchers examined nine other SNPs in their paper that did not yield statistically 

significant effects. In light of the lack of empirical support or methodological models from 

other research to classify the other nine SNPs as “susceptibility” variants or not, it was 

not possible to include this data in the current review. Therefore, the meta-analytic 

results would likely be further attenuated if a combined score with the other SNPs had 

been included.  

Second, the time-point included in the current meta-analyses was the latest 

assessment time-point (rather than right after treatment, per van IJzendoorn and 

Bakermans-Kranenburg (2015). This was selected based on the developmental 

appropriateness of the outcomes; however the increased time between intervention and 

assessment may have also attenuated the strength of the effects observed. Lastly, it is 

posited that earlier publications in an area tend to have smaller samples (i.e., pilot 

studies) and with more “extreme” results (Ioannidis & Trikalinos, 2005). Therefore, it is 

not surprising that combined results of follow-up meta-analyses show smaller effects.  

3.4.2. Question 2 and 3: What is the role of DRD4 and attachment in 
the meta-analysis effects?   

To further explore the questions of this current study, two additional meta-

analyses were performed to address specific research questions. With respect to DRD4 

results revealed that individuals characterized as genetically susceptible within this gene 

group showed greater treatment responses, than those children who were not 

genetically susceptible. Furthermore, the difference between treatment and controls in 

the susceptible group was statistically significant and was statistically different in the 

control group. These results were generally consistent with the overall meta-analysis, as 

well as van IJzendoorn and Bakermans-Kranenburg (2015)’s findings from a sub-

analysis of studies on dopamine-related genes. In their study the effects in the 

genetically susceptible group were larger than the current review, and the contrast 

between groups was significant. These disparate results could be due to differences in 

studies included in analyses as well as the larger sample of studies included in their 

work (k = 11, and based on all RCTs not just the “macro studies”). Overall, results reveal 

a differential response to treatment in genetically susceptible children and youth, that is 
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observed when examining DRD4 across samples and reviews. However, the findings 

also suggest that the effect sizes are modest. Of note, all intervention studies that 

examined DRD4 focused on child samples. To date, there is no study that has examined 

the moderation of a parenting-intervention (non-prevention program) by the DRD4 gene 

in adolescent samples.  

In order to address the third research question of the role of attachment, a review 

of mediator/moderators of treatment outcomes was performed along with another meta-

analysis. The BEIP was the only study that looked at attachment as a contributor to 

treatment outcomes. They observed that differences in attachment were associated with 

outcomes; however they did not examine the impact of changes in attachment (i.e., from 

pre-intervention to post-intervention) as a reason for difference between the intervention 

versus control groups. No studies examined other relational or emotional changes in 

older children or adolescents. Among the group of studies examining changes in 

parenting behaviours, results were complex. Earlier studies showed a more clear 

relationship between improvement in parenting and reductions in child difficulties (i.e., 

Bakermans-Kranenburg et al., 2008). However, in later studies, with older samples (e.g., 

PROPSER) the findings were less clear. Further research is needed to explore these 

relationships in older child and adolescent samples. 

Following, the meta-analysis of attachment as a treatment outcome was a novel 

examination of the literature. The three studies in this sample were quite disparate in 

several ways (e.g., geographic location of sample, intervention type, age of participants). 

The susceptible and non-susceptible groups showed moderate to large effects sizes, 

with statistically significant effects only found in the susceptible group. These results may 

be due to the small sample size and variability in the study effect sizes. In addition, all 

studies included were with children of 5 years of age. Given the previous findings of the 

role of genetics being more pronounced in older children and adolescent samples, 

follow-up studies may shed light on the developmental course of these effects. 

3.4.3.  Strengths and Limitations 

Meta-analyses are an important way to summarize the state of literature. The 

amalgamation of results extends beyond narrative reviews which tend to focus on 

statistical significance without accounting for the sample size. In the current study, the 



41 

increased number of studies in the field also provided the opportunity to examine more 

nuanced research questions, such as attachment security as a specific outcome. A 

particular strength of the review is the extended range of studies included through the 

use of a thorough journal and database search, as well as direct communication with 

researchers to obtain additional data not included in the original publications.  

The mechanisms of these genetic effects have also been explored in several 

studies. The addition of the systematic review allowed for a more in-depth discussion of 

this body of work. Narrative reviews also allow for a richer description of the data. For 

example, by being able to describe the mediators and moderators of gene-by-treatment 

outcomes, the current review highlights potential pathways for further research, as well 

as relevant clinical implications. Two main themes emerged: parenting behaviour change 

and child-related changes, and results for both remained inconclusive.  

Despite its strengths, there are a few limitations in the current meta-analysis. One 

such limitation, as with all meta-analyses, is that it required combining across 

heterogeneous outcomes (Walker et al., 2008). Even within common measures there 

was some variation with the way a particular behaviour was measured, the timing of the 

measurement and the person reporting on the outcome. The present meta-analysis also 

included a broad definition of a parenting intervention (e.g., foster care, attachment-

based intervention, large study where some families received a parenting intervention 

component). While this approach allowed for a larger sample size of studies, it results in 

considerable heterogeneity and thus less specific conclusions that can be drawn from 

this work. 

Further, not all research in this area could be included in the current study due to 

delays in receiving requested data from certain research groups. This issue may have 

been avoided if the data were included in the original publication. It was observed that 

large studies often examined longitudinal, multicomponent models. As journal length 

requirements prohibit the lengthy study descriptions of samples, when complex analyses 

were performed the simple results such as means and standard deviations were often 

omitted. These studies offer invaluable information to the field about developmental 

psychopathology. However, studies that integrate biological and psychological factors 

should be allotted space to report simple results to facilitate the possibility of replication 

by other groups.   
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Another limitation to the current analyses was that the article retrieval process 

was performed by one person. The current review aimed to include the AMSTAR criteria 

for best practice for meta-analyses and systematic reviews such as including explicit 

mention of research questions and review protocol. However, the AMSTAR criteria 

suggest that it is preferred that two people perform a search, and that 80% agreement 

between the raters is achieved. Due to the extensive number of articles retrieved from 

the current search (i.e., over 10 000 studies), it was not feasible to have two reviewers 

perform the search. The approach in the current study was consistent with the van 

IJzendoorn and Bakermans-Kranenburg (2015) meta-analysis. Moreover, confidence in 

the thoroughness of the search can be considered given that all previously included 

articles were found along with others. 

Additionally, study “risk for bias” is also an important part of the AMSTAR criteria. 

In the current study the review and analysis plan were established based on a priori 

criteria (i.e., study selection, outcome inclusion), there was a comprehensive search of 

the literature, list of studies included was provided, and an analysis of publication bias 

was performed. In addition, all studies were RCTs. However, formal quality coding and 

the process of participant allocation to groups (participant/researchers blinded to group 

allocation) was not coded. While the current study includes more steps than many 

reviews to reduce bias, future work could also include the formal coding of other aspects 

of study quality to directly measure the impact of study quality on outcomes. 

3.4.4. Future Directions 

There are a number of future research directions possible for this work. As 

mentioned above, there is limited research examining the gene-by-parenting intervention 

in adolescents, and very little known about the role of attachment as a mechanism of 

change. These gaps would be very important to address to better understand the 

intersection between biological and psychological factors on therapeutic effects. 

In addition, more recent gene-by-intervention studies examine the role of 

genetics as a combination score or a “total” of susceptibility genes individuals possess, 

in order to capture more of the effect (see Table 6). Overall, results indicated that 

combined genetic “susceptibility” scores were associated with increased change in the 

face of the intervention. These results were observed across outcomes such as 
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indiscriminate attachment behaviours (Drury et al., 2012) to substance use (Brody, 

Chen, & Beach, 2013). Combined scores may therefore capture the cumulative 

contribution of several genes.  

Table 6. Polygenic Scores by Intervention Results 

Study Genes Outcomes Results 

Drury et al. 
(2012) 

5-HTTLPR 
BDNF 

Indiscriminate 
social behaviour 

A greater number of plasticity genes were 
associated with increased indiscriminate social 
behaviours in the control group, and the least 
number of these behaviours in the intervention 
(foster care) group. 

Brody et al. 
(2013) 

DRD2 
DRD4 
ANKK1 
GABRG1 
GABGRA2 

Alcohol Use Variation in dopaminergic and GABAergic 
genes were associated with increased alcohol, 
and this increase was most pronounced in 
youth with the greatest “genetic risk” in the 
control condition (compared to those in the 
intervention).   

Chhangur et al. 
(2017) 

COMT 
DAT1 
DRD2 
DRD4 
MAOA 

Positive Parenting  
Behaviours 

Boys with a greater number of 
risk/susceptibility alleles, whose parents 
showed the greatest increase in positive 
parenting behaviours, displayed the most 
substantial decrease in externalizing 
behaviours. Boys high on the polygenetic 
index, whose parents showed less 
improvement in parenting, also displayed a 
significant (albeit less pronounced) decline. 

Cicchetti et al. 
(2011) 

5-HTTLPR 
DRD4 

Attachment 
Security and 
Disorganization 

The results of the susceptibility/risk variants 
separately or together were not associated 
with attachment outcomes in the intervention 
group. However, these genes were associated 
with attachment insecurity and disorganization 
in the control sample.     

3.4.5. Summary 

The meta-analysis and systematic review provide a thorough overview of the 

current-gene-by-parenting intervention literature and replicate previous work by 

IJzendoorn and Bakermans-Kranenburg (2015). This work partly aims to acknowledge 

the replication crisis in psychology generally, and in genetic studies specifically by 

updating previous research with a larger set of samples, and adopting a more detailed 

approach to the research (e.g., focused research questions, increased coding and 

description of study characteristics to assist with further replication). Gaps highlighted in 

the research include a lack of interventions in adolescent samples, minimal exploration 
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of attachment-based interventions, as well as a need for further exploration of mediating 

factors. Study 2 will aim to address some of these gaps.  
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Chapter 4. Study 2: Connect Analyses 

 Introduction 

Intervention scientists and clinicians share the common question: what factors 

influence treatment outcomes for our clients? While this question is complex with few 

straightforward answers, previous research and the above meta-analysis suggest that 

candidate genes are one such factor that likely impacts treatment success. As indicated 

in Study 1, considerable support has been gathered to examine the Dopamine Receptor 

D4 (DRD4) gene, but evidence has relied heavily on samples of younger children or the 

prevention of substance use initiation in adolescents. However, to date no studies have 

examined gene-by-attachment intervention effects in adolescent samples. Moreover, 

there are very few studies that have examined mediating factors of treatment outcomes.  

Thus, Study 2 aimed to address some of these gaps by examining the effects of 

the DRD4 gene on youth psychopathological symptoms, over the course of the Connect 

program (Moretti & Braber, 2013). The mediating effects of attachment security were 

also explored.  

4.1.1. Current Study  

The overarching goal of the present study was to explore what factors influence treatment 

in an attachment-based parenting program for parents of adolescents, and to specifically 

elucidate the role of the DRD4 gene and attachment security. The research questions and 

associated hypotheses for the current study are twofold:  

1) Does DRD4 status influence an individual’s treatment response? Due to the 

extensive research and theoretical support for the differential susceptibility 

hypothesis, and evidence on genetic moderation of treatment outcomes discussed 

above, it is hypothesized that individuals with at least one copy of the susceptibility 

variant (long/7+ repeat or longer) of DRD4 will have greater decreases in the 

symptoms over the course of their parents’ involvement in Connect (Hypothesis 

1).  
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2) What are the mechanisms that influence the decrease in symptoms? Given that 

improved attachment security is the target of Connect, and is associated with better 

emotional regulation and decreased mental health problems in teens, it is a 

promising mechanism of these treatment effects. Individuals more susceptible to 

benefit from the intervention would likely develop greater attachment security; 

therefore, the mediating role of increased teen-parent attachment security on the 

decrease in mental health problems in youth was examined. It is hypothesized that 

increasing attachment security will be associated with decreases in 

psychopathology, particularly in those individual with the “susceptibility variant” of 

the DRD4 gene (Hypothesis 2). 

 Methodology 

4.2.1. Design 

The current study was part of a large provincial evaluation of the Connect Parent 

Group. Data was collected in a prospective, multi-wave longitudinal study design at pre-

treatment, mid-treatment (around session five), immediately post-treatment and at six 

month follow-up. Demographic information, attachment ratings, and measures of 

psychopathology were collected via youth self-report questionnaires at each time point. 

Youth DNA was collected at pre-treatment. Caregiver data were also collected and was 

used to provide specific demographic information.  

4.2.2. Participants  

Participants were recruited from community mental health centres (e.g., Child 

and Youth Mental Health offices, hospitals) and schools from across British Columbia, 

Canada, and referrals were made due to caregivers’ concerns with their youth’s 

emotional or behavioural difficulties. To avoid redundancy, in the case where two 

parents participated in the program, mothers were selected to represent the family; 

however if one parent provided more data (i.e., data provided at more time-points), that 

caregiver was included. With respect to children and youth, in the case where siblings 

both filled out questionnaires, those that completed the most time-points were selected 

and then a priority was placed on older siblings (to ensure the study participant’s age fell 

within the adolescent years). Participants in the study were N = 683 children and 
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adolescents with caregivers who participated in Connect (Mage = 13.93, SD = 2.44). In 

the total sample of children in the study, 43.4% were female, and self-reported to be 

predominantly of White (59%) ethnicity. The type of caregiver participating in the study 

was predominantly biological parents (82%). The caregivers’ mean age was 43.87 years 

(SD = 8.13), and they predominantly identified as White (70%).  

Of those youth, N = 638 provided questionnaire information at the start of 

Connect, and N = 341 provided DNA. There were no statistical differences between 

individuals who provided DNA samples and those who did not on multiple demographic 

variables including youth gender, χ2 (1, N = 638) = 0.04, p = .51, and ethnicity, χ2 (3, N = 

601) = 3.74, p = .29. There were also no observed differences of parent characteristics 

such as income level, χ2 (3, N = 609) = 1.04, p = .79, or education level, χ2 (7, N = 683) = 

4.39, p = .73. However, there was a significant difference in the age of the youth who did 

not provide DNA samples (Mage = 14.14, SD = 2.3) and those that did (Mage = 13.72, 

SD = 2.57); t(656) = 2.2, p < 0.05. Youth age was therefore included as a covariate in 

further analyses.  

The subsample used in the present study was children and youth whose parents 

completed at least 50% of their Connect sessions. The mean age of the children was 

13.73 years (SD = 2.58, range 7.24 to 18.95). 52.3% were female and reported to be 

predominantly of White background (see Table 7, below). Note, to ensure consistency 

with previous Connect research, results were performed with the sample who completed 

70% of Connect sessions. These analyses yielded the same results (see Appendix L) 

and thus the larger sample was retained.  
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Table 7. Demographic Data of Youth 

Variable % (N)  

Child Gender 
Male 
Female 
Gender not reported 

 
40.3 (120) 
52.7 (157) 
7.0 (21) 

Child Ethnicity  
White 
Indigenous  
Other/Mixed ethnicity  
Asian 
Unknown/Not reported 
Caregiver-Type  
Live with Parents 
Foster Care 
With other relatives 
Other 
Not reported 
Caregiver Gender 
Biological Mother 
Other female caregiver  
Biological Father 
Other male caregiver  

59.7 (178) 
16.8 (50) 
10.1 (30) 
5 (15) 
8.4 (25) 
 
77.5 (231) 
4.4 (13) 
3.4 (10) 
3.7 (11) 
11.1 (33) 
 
75% (223) 
12 % (35) 
11% (34) 
2% (6) 

4.2.3. Procedure 

All study procedures were approved by the Simon Fraser University Research 

Ethics Board. Caregivers were referred from urban and rural centres and various 

agencies such as community mental health offices (e.g., Child and Youth Mental Health 

[CYMH]), schools and hospitals, due to significant mental health difficulties and 

behaviour functioning. Groups took place across British Columbia, Canada. In addition, 

before the start of Connect, parents met with leaders to complete an intake interview 

which included determining parents’ needs and goals, elements of motivational 

interviewing (i.e., motivators to improve their relationship with their child), and to 

determine any barriers to treatment. Attempts to reduce obstacles to treatment 

participation ranged from providing information about the program to subsidies for 

childcare and refreshments to caregivers. 

Parents and caregivers who participated in Connect were invited to partake in the 

large-scale program evaluation study, as well as to offer feedback about the program. 

Parental consent and youth assent was obtained for participation in the overall study, 

and the DNA sampling (see sample in Appendix M). The study measures (e.g., 
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participant identifying information, attachment questionnaires, and mental health 

questionnaires) were taken at start, middle, and end of the program. At pre-treatment 

children also provided their saliva samples. Caregiver DNA was also collected, but will 

not be assessed in the present study.  Caregivers and youth each received a $25 

honorarium for the completion of the questionnaires packets (at each time point), and a 

$10 honorarium was also provided for saliva samples.  

4.2.4. Measures 

Demographic Information 

Youth gender, age, and school status were reported by the child. Caregivers also 

reported on youth age, parent age, child ethnicity, caregiver education level, and 

approximate family income.   

DNA (DRD4) 

DNA samples were collected using Oragene saliva kits (Genetek, Calgary, AB, 

Canada). Families were given instructions on DNA sampling. They were told not to eat 

or drink 20 minutes before sampling, to rinse their mouths with tap water, and then 

deposit 4 ml of saliva in the Oragene sample vial. Samples were returned to group 

leaders, who sent the samples in with questionnaire kits at the end of the group. DNA 

extraction was performed in the laboratory of Dr. Colin Ross at the University of British 

Columbia. Following the procedure outlined by Li et al. (1997), DNA was isolated from 

cheek skin cells using QIAamp kits (Qiagen, Hilden, Germany). The DRD4-exIII-VNTR 

region was amplified using the polymerase chain reaction (forward primer: 50-

GCTGCTGCTCTACTGGGC-30; reverse primer: 50 -GTGCACCACGAAGAAGGG-30). 

The amplification steps involved an initial denaturation step of 5 minutes at 95C, 

followed by 30 cycles of 30 seconds at 95C, 1 minute at 60C, 1 minute 30 seconds at 

72C, and a final extension step of 5 minutes at 72C and 5 minutes at 10C. In order to 

identify allelic variants, amplicons were electrophoretically separated in 1.0% agarose 

gels. Ten percent of the sample was genotyped twice for quality control and participants 

with greater than 7 VNTR repeat were confirmed by sequencing. Two independent 

coders examined the agarose gels. 93% agreement was achieved between the raters 

and 100% consensus was achieved upon collaborative review.  
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In order to classify youth by their genotypes, the standard division of the number 

of VNTR repeats was as follows: having no copies of a seven (or higher) repeat variant 

(hereafter referred to as the 7− repeat group) or having at least one variant seven 

repeats or greater. 

Attachment   

The Attachment Anxiety & Avoidance Inventory (AAAI; previously referred to as 

the Comprehensive Adolescent Parent Attachment Inventory or the CAPAI, Moretti & 

Obsuth, 2009) is a measure of adolescent-parent attachment and security in their 

relationship. It was adapted from the Experiences in Close Relationships (Brennan, 

Clark, & Shaver, 1998). The AAAI was developed for clinical and empirical use at the 

Maples Adolescent Treatment Centre in Burnaby, British Columbia, Canada from a 

longer 56-item scale. The 16 items with the highest factor loadings from the original 

CAPAI were selected for inclusion in the protocol. Two factors emerge from the AAAI: 

Attachment Anxiety and Attachment Avoidance. Previous research using the AAAI has 

yielded excellent psychometric properties (e.g., factor structure and convergent validity: 

McKay & Steiger, 2003; McKay & Moretti, 2005).The AAAI has a 7-point scale ranging 

from 1 (“Strongly Disagree”) to 7 (“Strongly Agree”). For example, “I need a lot of 

reassurance that I am loved by my parent”. Research performed by Moretti and 

colleagues (Hayre et al., 2019; Moretti et al., 2015) also revealed that the AAAI has 

“good” to “excellent” internal consistency on both the Attachment Anxiety (α = .84 to .88) 

and Attachment Avoidance scales (α = .90). The adolescent self-report version was used 

in the current study, and youth reported on their relationship with their caregiver in the 

past 6 months. The Cronbach’s alpha for the Anxiety (Pre-Connect: α = .82, Mid-

Connect: α = .88, Post-Connect: α = .89, Follow-up: α = .88) and Avoidance scales (Pre-

Connect: α = .90, Mid-Connect: α = .91, Post-Connect: α = .91, Follow-up: α = .92) were 

strong over time. These scores were combined to create an overall adolescent 

Attachment score whereby lower scores reflected more secure attachment, and 

decreases in scores reflected an increase in security.  

Psychopathology 

The Brief Child and Family Phone Interview (BCFPI; Cunningham et al., 2000) is 

a 38-item self-report questionnaire of adolescent psychopathology. The measure was 
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modified from the Ontario Child Health Study scales (OCHS; Boyle et al., 1993). Six 

subscales can be calculated: Attention-Deficit/Hyperactivity Disorder (ADHD), 

Oppositional Defiant Disorder (ODD), Conduct Disorder (CD), Separation Anxiety 

Disorder (SAD), Generalized Anxiety Disorder (GAD), and Major Depressive Disorder 

(MDD). The internal reliability of the summary scores have been shown to have solid 

internal reliability (Craig & Moretti, 2018). An overarching Total Problems mental health 

difficulties score was used for the current analyses. T-scores were used and normed on 

child age and sex, with a mean of 50, and standard deviation of 10. Of note, with the 

BCFPI T-scores ≥70 are within the clinical range, and T-scores between 60 and 70 are 

considered in the “at-risk” range. The BCFPI has been used in large-scale 

epidemiological studies and demonstrated good psychometric properties (Boyle et al., 

2009). The adolescent self-report version was used in the present study. 

Attachment-Based Intervention for Parents 

The Connect Parent Group (Connect; Moretti & Braber, 2013) is described in 

detail above in Chapter 2.  

 Analysis Plan 

Descriptive analyses, assumption checking and the Univariate Analysis of 

Covariance (ANCOVA) were performed using SPSS (Version 25; IBM Corp., 2017). All 

other analyses were completed using Mplus Version 8.2 (Muthén & Muthén, 2018). In 

the latter analyses, missing data was addressed using Full Information Maximum 

Likelihood (FIML) methods as it is powerful and the least biased method (Arbuckle, 

2005).  

To examine the role of DRD4, an ANCOVA was performed to compare Pre-

Connect levels of Total Mental Health Problems and Attachment in genetically 

susceptible and non-susceptible individuals. Additionally, to examine relationships 

between DRD4 status and the trajectories of Total Mental Health Problems and 

Attachment (see Figure 1 for the model) Latent Growth Curve (LGC) modeling using 

Structural Equation Modeling (SEM) was performed. LGC was selected to assess both 

the trajectory of growth or change (slope) over the course of Connect, and set at a 

constant level (intercept). Participant-level variability is modeled by the inclusion of 
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variances around the intercept and slope factors. Potential mechanisms of reductions in 

psychopathology were planned to be addressed using LGC mediated moderation 

models. The trajectory of Attachment was planned to be first analyzed by a “parallel 

process model” and then the planned analyses for the mediated moderation was a 

parallel growth model (Muthén & Curran, 1997, as cited in Brody et al., 2015) (see 

Figure 2 for proposed model).  

Variability in the duration of time elapsed between assessment periods were 

addressed by fixing the intercept factor loadings to 1 and the linear slope factor loadings 

to 0, 1, 2 and 8 for the Pre-Connect, Mid-Connect, Post-Connect and Follow-up 

assessment time-points, respectively. Within the models examined, two individual growth 

parameters were included (1) an intercept parameter, and (2) a quadratic slope 

parameter representing the average quadratic change in Total Mental Health Problems 

score and Attachment score over the course of Connect, and at follow-up. 

 

Figure 1. Model of DRD4 Status with Total Mental Health Problem Score 
Trajectories 

To determine which model best fit the data, Chi-square, comparative fit index 

(CFI) and root-mean-square error of approximation (RMSEA) were used. A 

nonsignificant chi-square (χ2) test indicates good fit. For RMSEA, values less than .06 

indicate close fit, and CFI values greater than .90 indicate adequate fit (Hu & Bentler, 

1999). Rates of missingness were 13%, 16%, 24% and 42% for BCFPI Total Mental 



53 

Health Problems for Pre-Connect, Mid-Connect, and Post-Connect and Follow-up, 

respectively. In addition, the rates of missingness were 12%, 17%, 24% and 44% for 

Attachment scores across Pre-Connect, Mid-Connect, Post-Connect and Follow-up, 

respectively. Full-information likelihood (FIML) was used to handle missing data in all 

study models (Rubin & Little, 2002). Estimates of interest are the pathways as measured 

through the standardized (β) and unstandardized (B) beta weights.  

  

Figure 2. Full Mediated Moderation Model 

 Results 

4.4.1. Sample Description and Covariates 

In the subgroup that provided successful DNA samples for sampling, N = 41 

(14%) were identified as having 7+ repeat or higher and N = 256 (86%) possessed 7− 

repeat (lower than 7 VNTR repeat). This distribution is different compared with global 

norms (approximately 20%; Chang et al., 1996) and other studies in the clinical (e.g., 

Beach et al., 2010, Brody et al., 2014) and non-clinical (e.g., Janssens et al., 2017 and 

Zandstra et al., 2018) literatures, with 7+ repeat individuals in our sample. There were no 

differences in gender, χ2 (1, N = 277) = 1.17, p = .28, ethnicity, χ2 (3, N = 273) = 3.2, p = 
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.35, or age in the 7− repeat (Mage = 13.78, SD = 2.63) and 7+ repeat (Mage = 13.38, 

SD = 2.15) groups, t(295) = .94, p = .35. 

A further exploration of the sample of youth who provided DNA compared to 

those who did not was performed across multiple factors. No significant differences were 

observed between the groups on several factors such as incidence rates of being 

arrested, placed in foster care, or completion of Connect (see Appendix N). To examine 

power, post-hoc power analyses was performed using GPower (Faul et al., 2007) with 

power (1 - β) set at 0.90 and α = .025, one tailed. This showed the power to detect a 

medium effect (d = .55).  

Variables that may have influenced outcomes were examined to ensure no 

extraneous confounding factors. Differences in Total Problems and Attachment score at 

each time point were examined by demographic variables (e.g., age, ethnicity) There 

were no significant differences between 7− repeat and the 7+ repeat groups across key 

demographic variables (see Table 8). 

Several steps were taken to address assumptions for correlational analyses. As 

previously mentioned, independence of the main groups of interest was ensured by 

having no sibling sets or multiple caregivers included in the study. Second, bivariate 

scatterplots, histograms and q-q plots were visually examined for both gene groups. 

Normality was confirmed as within acceptable limits on either Komolgorov-Smirnov tests 

or acceptable range of skewness and kurtosis ranges. Two outliers were found for the 

7+ repeat group at Post-Connect for Total Problems and two others on Mid-Connect and 

Follow-up Attachment scores. Analyses were performed with and without those scores 

and did not affect the findings; and so these scores were retained. 
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Table 8. Demographic Information by DRD4 Groups 

 7+ repeat 7− repeat 

Variable % (N)                   M (SD) % (N)                      M (SD) 

Sex 
Male 
Female 
Gender not reported 

 
48.8 (20) 
46.3 (19) 
4.9   (2) 

  
38.9 (100) 
53.7 (138) 
7.4 (19) 

 

Age  13.8 (2.15)  13.78 (2.63) 

 Percent White 68.3 (28)   58.4 (150) 

Total Mental Health Score 
(BCFPI) 
Pre-Connect  
Mid-Connect  
Post-Connect  
6 Month Follow-up  
 
Attachment score (AAAI) 
Pre-Connect  
Mid-Connect  
Post-Connect  
6 Month Follow-up 

  
 
59.28 (14.32) 
55.32 (11.95) 
50.81 (12.09) 
53.56 (13.99) 
 
 
6.22 (2.16) 
6.42 (2.35) 
5.43 (1.95) 
5.30 (1.84) 

  
 
61.26 (12.02) 
55.51 (12.82) 
54.08 (12.58) 
56.87 (12.06) 
 
 
6.34 (2.12) 
6.37 (2.2) 
6.03 (2.15) 
5.92 (2.28) 

 
Note. * = p < 0.05; ** = p < 0.01 

Correlations between variables of interest in the full sample were performed (see 

Table 9). Continuous variables were analyzed using the Pearson product-moment 

correlation and Spearman correlations were used to analyze the relationship between 

continuous and categorical (multivariate) variables and between categorical variables. 

Based on previous research and the association between age and sampling, the 

covariates included in all analyses included child gender, age, and ethnicity. 
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Table 9. Correlation Across Study Variables 

Variable 2 3 4 5 6 7 8 9 10 11 12 

1. Sex .16** 0.11 -0.08 .18* .19* .22* .16* 0.05 .14* .14* 0.06 

2. Age --- -0.02 -0.05 0.09 0.10 .16* 0.08 .27** .32** .33** .29** 

3. Ethnicity  --- -0.05 -0.03 -0.04 0.02 0.02 0.01 0.00 0.04 0.03 

4. DRD4   --- -0.06 0.00 -0.10 -0.08 -0.02 -0.01 -0.10 -0.11 

5. BCFPI (Pre)    --- .74** .68** .68** .47** .4** .37** .35** 

6. BCFPI (Mid)     --- .77** .7** .36** .44** .42** .32** 

7. BCFPI (Post)      --- .71* .33** .37** .47** .32** 

8. BCFPI (FU)       --- .47** .43** .44** .52** 

9. AAAI (Pre)        --- .75** .64** .65** 

10. AAAI (Mid)         --- .8** .62** 

11. AAAI (Post)          --- .7** 

12. AAA1 (FU)           --- 

Note. * = p < 0.05; ** = p < 0.01 

4.4.2. Question 1: Are there associations between DRD4 with Total 
Mental Health Problems at the start of Connect, and across Connect 
time-points? 

A univariate ANCOVA was performed comparing the Pre-Connect means of 

Total Mental Health Problems in the DRD4 7+ repeat and 7− repeat  groups with gender, 

age, ethnicity, and parent participation included as covariates. There were no statistically 

significant differences between 7− repeat group (M = 62.11, SD = 11.93) and 7+ repeat 

(M = 59.28, SD = 14.32) group means of Total Mental Health Problems, F(1,237) = 1.10, 

p = .3.  

Next, a preliminary unconditional (i.e., no covariates) growth model was 

performed with DRD4 as a predictor of Total Mental Health Problems. The model was 

found to be not positive definite (i.e., no individual variation in the slope); therefore, the 

slope of the model was constrained to “0”. The quadratic model fit provided good fit to 

the data, χ2(7) = 4.25, p < .75; CFI = 1; RMSEA = .0.00. Results revealed that DRD4 

was not associated with the slope of Total Mental Health Problems, β = -0.53, B(SE) = -

0.4 (0.58), p = 0.33. See Figure 2 for a visual depiction of the Total Mental Health 

Problems score for both DRD4 groups, across Connect time-points. 
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Next, participant gender, age, ethnicity, and parent session percent attendance 

were regressed on the slope and intercept of Total Mental Health Problems. This model 

provided adequate fit to the data, χ2(16) = 8.9, p = 0.92; CFI = 1.00; RMSEA = .00. 

Participant ethnicity (β = -0.99, B[SE] = -0.08[0.94], p = 0.29), age (β = 0.30, B[SE] = 

0.07 [0.94], p = .29) and session attendance (β = 3.03, B[SE] = 0.03 [5.76], p = 0.6) were 

not significantly associated with the intercept. Gender was associated with intercept (β = 

3.24, B[SE] = 0.15[1.55], p = 0.04), 

Participant gender (β = 0.21, B[SE] = 0.33 [0.48], p = 0.66), ethnicity (β = 0.00, 

B[SE] = 0.00 [0.3], p = 0.99), age (β = 0.09, B(SE) = 0.67 [0.10], p = .39), and session 

attendance (β = -0.7, B[SE] = -0.29 [1.85], p = 0.71) were also not associated with the 

slope of the Total Mental Health Problems. Lastly, in the conditional model, variation of 

DRD4 was not associated with the slope of Total Mental Health Problems (β = -0.41, 

B[SE] = -0.46 [0.61], p = 0.5). 

The effect sizes for Total Mental Health scores were examined. For the non-

susceptible, 7− repeat group from Pre-Connect to Post-Connect was medium effect (d = 

0.58) and small at Follow-up (d = .38). For the susceptible, 7+ repeat group the effect 

size from Pre-Connect to Post-Connect was also medium (d = .64) and small at Follow-

up (d = .4). The effect size of the difference between the gene groups at Post-Connect 

and Follow-up was small (d = .27 and d = .25, respectively). 

 

Figure 3. Total Mental Health Problem Score Across Connect Time-Points 

50.00

52.00

54.00

56.00

58.00

60.00

62.00

Pre Mid Post Follow-up

T
o

ta
l 
M

e
n
ta

l 
H

e
a
lt
h

 B
C

F
P

I 
T

-
S

c
o

re

Connect Time-Point

Total Mental Health Problem Score Across Connect Time-
Points 

7 -

7 +



58 

4.4.3. Question 2: Are there associations between DRD4 and 
Attachment at the start of Connect, and across Connect time-points? 

To begin, a univariate ANCOVA was performed comparing the Pre-Connect 

means of Attachment in the DRD4 7+ repeat and 7− repeat  groups with gender, age, 

ethnicity, and parent participation included as covariates. Again, there were no 

statistically significant differences between the 7− repeat (M = 6. 43, SD = 2.13) and 7+ 

repeat (M = 6.22, SD = 2.16) group means as determined by one-way ANCOVA 

(F[1,240] = .02, p = .89).  

The unconditional model with DRD4 regressed onto the slope of Attachment. In 

this case, the model provided adequate fit to the data, χ2(9) = 34.51, p < .00, RMSEA = 

0.10, CFI = .95. DRD4 genotype was associated with a change in Attachment, β = -0.22, 

B(SE) -0.3 (0.11), p < 0.05. These results indicate that the slope of the 7+ repeat group 

displayed a greater decrease in the slope of Attachment Insecurity over the course of 

Connect.   

Next, the conditional model was examined with covariates regressed onto the 

intercept and slope of Attachment. This model also provided adequate fit to the data, 

χ2(16) = 42.33, p < .00, RMSEA = 0.08, CFI = .95. Participant gender (β = 0.12, B[SE] = 

0.03 [0.27], p = 0.65), age (β = 0.003, B[SE] = 0.00 [0.16], p = .99), and session 

attendance (β = 0.14, B[SE] = 0.01 [1.00], p = 0.89) were not significantly associated 

with the intercept. However, ethnicity was associated with the intercept (β = 0.22, B[SE] 

= 0.29 [0.06], p < 0.05). 

With respect to slope, participant gender (β = 0.04, B[SE] = 0.05[0.1], p = 0.7), 

age (β = 0.00, B[SE] = 0.00[0.06], p = .98), ethnicity (β = 0.01, B[SE] = 0.08 [0.02], p = 

0.58), and session attendance (β = -0.43, B[SE] = -0.16 [0.37], p = 0.24) were not 

significant. In the conditional model, the effect of DRD4 regressed onto the slope of 

Attachment was at trend-level (β = -0.19, B[SE] -0.2 [0.11], p = 0.09). 

The effect size of Attachment for the 7− repeat group from Pre-Connect to Post-

Connect and Pre-Connect to Follow-up was non-significant (d = 0.15 and d = .19, 

respectively). However, for the 7+ repeat group the effect size from Pre-Connect to Post-

Connect was small (d = .39) and increased to an almost medium effect at Follow-up (d = 
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.46). The effect size of the difference between the gene groups at Post-Connect and 

Follow-up was small (d = .3 and d = .29, respectively). 

 

Figure 4. Attachment Insecurity Across Connect Time-Points 

4.4.4. Question 3: Does Attachment Insecurity mediate the 
relationship between DRD4 and Connect participation? 
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 Discussion  

The current study is the first parenting-intervention study, with a sample of 

adolescents, to examine the role of the genetic moderation of treatment outcomes. As 

such, results from this novel study provide important bridges for gaps in the literature. 

The research questions that emerged from a thorough review of the literature focused on 

specific, hypothesis-driven research questions. The role of the DRD4 gene was 

examined in relation to Pre-Connect levels of symptoms, as well as the trajectories of 

change as parents participated in Connect (and beyond). Overall, the research 

hypotheses were partially supported. In the following section the findings in relation to 

each research question will be discussed. 

4.5.1. Question 1: Are there associations between DRD4 with Total 
Mental Health Problems at the start of Connect, and across Connect 
time-points? 

With respect to the first research question, an ANCOVA was performed to 

examine the relationship between DRD4 and mental health outcomes in the youth 

before the start of Connect. The differences between the two gene groups were not 

statistically significant, which is consistent with the above-mentioned research indicating 

that candidate genes do not predict mental health phenotypes on their own, but rather in 

interaction with other variables. In addition, predicted associations between DRD4 and 

Total Mental Health Problems over the course of parent participation in Connect (and at 

6 month Follow-up) were not supported in the current sample. The small effect size 

difference between group means suggest a difference in the predicted direction; 

however, these differences are minimal and based on small samples. 

There are several possible explanations for the study findings. First, the sample 

size of the current study, while large for a high-risk sample, did not allow for adequate 

power to detect results within the small effect size range, which is typical in genetic 

studies. While medium effects were observed in both groups in the decline in symptoms, 

the difference between the groups yielded small effect sizes. These results are generally 

consistent with previous research on gene-by-environment studies that have reported 

observing small effects. In the current overall meta-analysis it was noted that the effect 

size of the intervention in the susceptible group was small (d = 0.34) and negligible (d = -
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0.01) in the non-susceptible group. It is also important to note one difference between 

the current study and the studies in the meta-analysis and review (Study 1) is that 

Connect was not an RCT. A randomized controlled trial study design has increased 

power to detect effects. Future research on the role of candidate genes and Connect 

may involve replicating the current analyses with a larger sample, and perhaps in 

samples which adopt an RCT design.  

Second, research indicates that there are complex biological factors that are not 

captured by single candidate gene analyses. The role of a single candidate gene on 

psychological phenomena such as mental health is small and inconclusive. As 

mentioned above, candidate gene studies are under-powered and have yielded 

inconsistent findings. In light of the complex biological systems and psychological 

phenotypes that are explored in gene-by-intervention research, it is important to 

acknowledge that such findings reflect a small piece of a multifaceted puzzle. 

4.5.2. Question 2: Are there associations between DRD4 and 
Attachment at the Start of Connect, and across Connect time-points? 

In the current study, there was an association between DRD4 and Attachment 

Security. Parent-teen attachment is the primary target of Connect, and a key mechanism 

of change for treatment outcomes. These results suggest that differential susceptibility 

effects in adolescents may first appear in the attachment relationship, and then lead to 

changes in mental health outcomes in the future. This is also consistent with findings 

that attachment is more closely related to genetics as children age. These results further 

highlight the necessity to examine the unique developmental pathways in adolescent 

samples.  

4.5.3. Question 3: Does Attachment mediate the relationship between 
DRD4 and Connect participation? 

Lastly, the direction of the association between Total Mental Health Problems 

and Attachment scores was examined. A parallel process model was performed to test 

for the reciprocal effects between Total Mental Health and Attachment across Connect. It 

was hypothesized that an increase in Attachment would be associated with decreases in 

Total Mental Health Problems, not vice versa. Results from the current study revealed 
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that the model did not provide adequate fit to the data. As such the relationships 

between the variables could not be examined. Moreover, the poor fit of the data 

prevented the further examination of the full, mediated moderation model. These results 

suggest that while increased attachment security has been a mechanism of change in 

past Connect studies (e.g., Moretti et al., 2015), it does not mediate the moderation of 

the DRD4 gene within this sample. Consistent with the above discussion, these results 

may be due to lack of statistical power. Alternatively, it is also possible that other factors 

(i.e., youth or parent characteristics, polygenic susceptibility) better account for these 

changes. Further research, is necessary to elucidate these results. 

4.5.4. Strengths and Limitations 

The current study has several strengths. First, the Connect Parent Group has 

amassed substantial research support, world-wide (e.g., Osman et al., 2017; Moretti et 

al., 2015). Connect is one of the only attachment-based interventions for adolescents, 

and has been shown to be associated with long-term improvements in youth and their 

caregivers. The targets of Connect such as increased emotion regulation and improved 

parent-youth attachment are also consistently associated with DRD4 outcomes as well. 

Indeed, this hypothesis-driven research links evidence from developmental 

psychopathology, attachment and the DRD4 gene, as well as intervention science to 

shed light on critical gaps in the literature. 

With regard to research design, the study was prospective and longitudinal in 

design which allowed for youth to report on their current experience. In addition, the use 

of youth report allowed for a more direct description of youth behaviours which may be 

less biased by Connect participation than parental report. Nonetheless, replication of 

these findings with parental report would be a next step to ensure findings are obtained. 

As with all studies, there were a few limitations to this research. As mentioned 

previously, the sample size was underpowered to observe significant results as a 

function of genetics. In addition, there were less youth possessing the 7+ repeat variant 

of the DRD4 gene than have been observed in other studies. The differences in DRD4 

repeat distribution in the current study may have been due to a sampling anomaly or 

indicative that other factors have influenced youth participation. For example, as with 

most parenting intervention studies, the sample did not capture all youth with caregivers 
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who participated in Connect, because some youth opted to not participate in the 

research project. While all families were encouraged to participate in the DNA study 

through efforts to explain the DNA sampling process (e.g., hand-out, on-call support for 

any inquiries), as well as support provided to the leaders in explaining the rationale of 

including DNA samples to the families, the sample may not be fully representative of all 

Connect participants. Of note, no significant differences in participant characteristics 

were observed in youth who provided DNA samples versus those who did not, which 

provides some reassurance about the generalizability of these results. Nonetheless, we 

cannot be certain that the youth who did not participate in the research (i.e., did not 

provide DNA or questionnaire data) do not possess different characteristics such as 

higher rates of the 7+ repeat, greater symptom severity, or more contentious 

relationships with their caregivers.   

4.5.5. Future Directions 

With respect to future directions within the Connect program, plans to examine 

the effects of different candidate genes in addition to DRD4 are underway. The OXTR 

gene will be a particularly promising candidate gene to investigate given it is associated 

with attachment relationships (e.g., Chen et al., 2011), and the moderation of parenting-

interventions mentioned above (e.g., Cleveland et al., 2018a).  

As the larger Connect evaluation study has obtained data from the Infinium 

PsychArray-24 Kit, it will also be possible to perform Genome Wide Association Studies 

(GWAS) (in collaboration with other projects). With GWAS studies, researchers can 

examine the Total Mental Health outcomes, as well as different outcomes of interest. In 

one study of the Family Check-Up intervention (Lemery-Chalfant et al., 2018) a 

combined, polygenic risk score was examined in relation to symptoms of internalizing 

psychopathology in middle childhood. The sample was drawn from the Early Steps 

Multisite Study, a large RCT in early and middle childhood that focuses on increasing 

positive parenting. In their study, increased environmental susceptibility as measured 

through a polygenic sensitivity score moderated the impact of the Family Check-Up 

intervention on offspring internalizing psychopathology in the predicted manner (i.e., 

fewer symptoms in the intervention group than controls).  



64 

Examination of the role of the parent genotype within the Connect study would 

also be an informative next step; however, the literature is sparse in this area. Beach 

and colleagues (2010) included parental genotype in their study of past month offspring 

substance use. They found that the intervention increased positive parenting behaviours, 

regardless of youth genotype. Furthermore, the intervention was associated with 

increased positive parenting behaviours, which in turn mediated the protective effect of 

the intervention in carriers of the 7+ repeat variant in the intervention group. However in 

that study, despite a significant association between child and parent alleles (as 

expected), parent genotype did not moderate changes in parenting behaviours. The 

interaction approached significance; however, the trends veered in an unpredicted 

direction. Parents without the “susceptibility” variant of the DRD4 gene showed the 

greatest change. Similarly, Barone, Barone, Dellagiulia, and Lionetti (2018) examined 

the role of the 5-HTTLPR and DRD4 (separately and in combination) as moderators of a 

parenting-based intervention. They found that mothers in the intervention displayed 

more positive parenting behaviours and their children were rated as more emotionally 

available, compared to controls. However, when DRD4 and/or 5-HTTLPR were added 

into the models, there was no improvement in model fit.  

With respect to future directions in the field in general, it will be important to 

expand the types of genetic analysis used. Research on epigenetic changes for 

example, may prove particularly fruitful. Beach, Lei, Brody and Philbert (2018) extended 

their intervention studies to examine whether 5-HTTLPR and the SAAF intervention 

related to the methylation of the OXTR gene. Overall, the intervention was associated 

with methylation levels of the OXTR gene on individuals with the “S” variant of the 5-

HTTLPR. They found a mediated moderation whereby there was an association with the 

SAAF intervention on the early onset alcohol use amongst “S” carriers but not amongst 

“L” carriers, and mediated by methylation of the OXTR gene. Evidence from the DRD4 

gene also suggests a possible association with methylation and outcomes in 

adolescents. Cecil and colleagues (2018) found that in a high-risk sample of adolescents 

and young adults, lower levels of methylation of the DRD4 gene linked to was 

associated with higher levels of physical aggression. Further research in this area is 

needed to explore this relationship in the context of a parenting interventions and with 

adolescent samples. 
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4.5.6. Summary 

The current study is the first to examine the role of DRD4 in the moderation of a 

parenting intervention in adolescents. Findings suggest that the DRD4 gene may be 

associated with the differential response to caregiver involvement with the Connect 

group, and that these patterns of response may be first observed in intermediate factors 

such as Attachment. Replication will be necessary with a larger sample, to confirm these 

results.    
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Chapter 5. Supplementary Analyses  

 Introduction 

One of the primary goals of this project is to understand the role of genetics 

within a clinical and intervention context. In order to elucidate the clinical implications of 

the results, we examined the relationship between genetics and response to treatment. 

To further explore the possible differences in clinical outcomes between the 7− repeat 

and the 7+ carriers, a measure of treatment response was examined. The reliable 

change index (RCI) is a measure of change (e.g., symptoms) that takes into account the 

reliability of the outcome measure used (Jacobson & Truax, 1991). An RCI score is a 

standardized measure of change that allows for the creation of a cut-off, whereby a 

score of 1.96 reflects a change that is both statistically and clinically reliable. In the 

current study, an RCI of -1.96 was used since the predicted treatment response was a 

decrease in symptom scores. 

 Methodology  

The sample and methodology was the same used in Study 2. 

 Data Analysis Plan 

To determine the proportion of adolescents who showed reliable decreases in 

attachment insecurity, the RCIs were calculated by dividing the difference between the 

pre-treatment and post-treatment scores by the standard error of measurement: 𝑅𝐶𝐼 =

𝑋2−𝑋1

𝑆𝑑𝑖𝑓𝑓
. In this formula Sdiff represents the standard error of measurement, and was 

calculated using the formula Sdiff = √ 2(SEM2). SEM (standard error of measurement) 

was calculated by taking the standard deviation AAAI scores at Post-Connect and 

multiplying this by the √ (1 - coefficient of reliability). Reliability of the AAAI was based on 

the average Cronbach’s α across time-points and Avoidance and Anxiety scales, and 

compared to previous published research (α = .88). The √ (1 - coefficient of reliability) 

was √(1- .88) or .35. Then Sdiff = √ 2(.352) = √ 2 (.12) = .49. RCI Post-Connect − Pre-

Connect/ .49. Another RCI was calculated for Follow-up using difference from Follow-up 

− Pre-Connect/.49 
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 Results and Discussion 

Within the current sample, 36 % (N = 75) youth met the criteria for a reliable 

change in AAAI and thus were designated as “treatment responders” from the start to 

the end of Connect. A Chi-square test was performed to see if there was a differential 

distribution of responders amongst the different gene groups. Results revealed that the 

difference in the number of “responders” was slightly greater in the 7+ repeat group 

(37%) compared to the 7− repeat group (34%), but this difference was not statistically 

significant, X2 (1, N = 217) = 0.07, p = 0.47. A second Chi-square test was performed to 

see if there were differences in the number of responders among the different gene 

groups at follow-up. At follow-up 35% (N = 57) of participants were categorized as 

“responders”. Results revealed that the proportion of responders (42% of 7+ repeat 

carriers versus 34% of the 7− repeat group) was also not statistically different between 

the two groups, X2 (1, N = 162) = .52, p = 0.31. In sum, the responder analyses showed 

that the treatment yielded slightly more responders in the 7 + repeat group; however, 

overall, treatment was largely of equal benefit to both gene groups.   
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Chapter 6. Clinical Implications 

The primary impetus for the pursuit of gene-by-parenting intervention studies, 

aside from scientific inquiry, is to better understand developmental psychopathology and 

the mechanisms of treatment outcomes. In turn, this knowledge can be used to improve 

intervention effectiveness. It has been argued that gene-by-intervention research may 

shed light on the pathogenesis of mental health difficulties, by elucidating what factors 

curtail the development and/or maintenance of psychopathology. This topic was 

examined in a recent issue of Prevention Science (January 2018). Prevention science 

researchers have noted that targeting factors that increase risk, especially in high-risk 

samples (e.g., SAAF program, Fast Track) is one way to understand the factors that 

contribute to emotional or behavioural challenges. A similar rationale can be applied to 

treatment interventions and understanding the mechanisms of therapeutic change. 

It has also been posited that insights from gene-by-intervention work may one 

day inform how clinicians tailor treatments for their clients. Indeed, Beauchaine, 

Neuhaus, Brenner and Kopp (2008) outlined ten ways to do so, which included targeting 

children and youth most at risk to develop psychopathology. As noted by Musci and 

Schlomer (2018), variability in response to treatments is the rule, not the exception, and 

thus the inclusion of genetics into prevention studies (and arguably also interventions) 

may inform future research on personalized intervention programs. While the promise of 

individualized therapeutic interventions is appealing, the resounding message from the 

field is that it is early days for this line of study. Highlighted in the findings from both 

Study 1 and 2 is that the research remains somewhat equivocal regarding the extent 

(and in what context) genes impact interventions outcomes. We are likely many years 

away, if ever, from a point when clinicians start the process of treatment by swabbing 

children for certain candidate genes or even polygenic scores to inform their approach to 

treatment planning.  

Thus an important question to clinicians and intervention scientists becomes: 

what ways are the current literature useful? One way that clinicians can incorporate this 

research into their work starts at case conceptualization. Adopting an understanding that 

some children are more sensitive to their environment or have “differential susceptibility” 

may assist clinicians in shifting their perspectives of children who seem to have been 
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most impacted by adversity, not viewing them as “lost causes” but instead as those who 

might benefit most profoundly from treatment.  

Thibodeau and colleagues (Thibodeau et al., 2016) argue that clinicians should 

consider “environmental sensitivity” or the, “inter-individual variability in perceiving, 

processing, and responding to contextual factors…” (p. 83) when working with clients. 

This model, which includes differential susceptibility, is one way to develop tailored 

interventions. Within this framework, assessing and quantifying environmental sensitivity 

could determine the type of intervention that would be most appropriate for our clients. 

Individuals with more sensitivity might be assigned to a more targeted intervention 

whereas children with less sensitivity may benefit from more comprehensive or more 

intensive treatments.  

Thibodeau and colleagues (2016) also argued that in order to develop research 

for personalized medicine, studies should be comparing at least two different 

intervention approaches (rather than a non-treatment control). They suggest that 

susceptible individuals may benefit more from less intensive and more targeted 

interventions (i.e., a parenting intervention alone), whereas individuals without 

susceptibility may require more wrap-around care or longer-term interventions. One 

example of this type of approach was a study of the Coping Power program that was 

delivered in a group versus an individual format (Glenn et al., 2018). The researchers 

examined whether variation in the oxytocin receptor OXTR (rs2268493) interacted with 

intervention format to influence levels of behaviour problems in children. Their results 

revealed that children with the AA genotype demonstrated reductions in externalizing 

problems when assigned to either treatment format. Conversely, children with one copy 

of the G allele (AG or GG) showed decreases in externalizing behaviours in the 

individual format but fared worse in the group (i.e., no change after treatment, and 

increase problems at the follow-up). As such, within the context of interventions such as 

Connect, children with the susceptibility variants may require additional intervention 

supports in order to display that same increase on attachment security. 

There are also critical risks of incorporating genetic information into therapeutic 

work that need to be considered for clinical practice. Several theorists have suggested 

that a focus on the biological factors associated with psychopathology and treatment 

outcomes may reinforce the notion that mental health difficulties result from a biological 



70 

or neural “defect” (Beauchaine et al., 2008). Consumers of gene-by-intervention 

literature may interpret the results from Study 1 and Study 2 to suggest that there is 

something less malleable about symptoms of psychopathology in children who would be 

considered as genetically “non-susceptible”, and downplay the benefit of and need for 

interventions for those children. Clinicians can be mindful to address any questions 

raised about genes with their patients in a careful and nuanced way. For example, when 

discussing case formulation during feedback, clinicians can discuss the ever-evolving 

state of the literature and how we are only starting to understand the complex effects of 

genetics, as well as how genes likely play a small role in an individuals’ overall health 

profile. Indeed, the message of plasticity and resilience as part of a strength-based 

approach should be adopted with all patients.  

Relatedly, as public interest on the impact of genetics on mental health outcomes 

grows, considerable caution must be adopted when discussing genetics with patients. 

Information about genes can be “misunderstood or misused, leading to discrimination, 

unnecessary treatments, and psychological distress” (Drmanac, 2011 as cited in 

Lebowitz & Ahn, 2017). Indeed, the influence of genetic information was highlighted in a 

set of studies whereby individuals were randomized to receive information that they were 

genetically at-risk for depression (regardless of their actual genetic risk) and in turn 

reported higher retrospective levels of depression (Lebowitz & Ahn, 2017). These effects 

were observed above-and-beyond the ratings of individuals in a different trial who were 

assigned the genetic risk for hypertension (i.e., a different “bad news” condition). Thus 

for knowledge translation purposes, psychoeducation that emphasizes the multiple 

determinants of mental health outcomes and treatment response is critical. Clinicians will 

have a particular responsibility to explain the multiple pathways toward risk and 

resilience, advocate for a balanced interpretation of research on the links between 

genetics and mental health, and continue to perform research that considers the 

multifactorial contributors to intervention outcomes. Ultimately, the goal of this work 

should be to improve treatments and prevention interventions, and better help families 

requiring care.   
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Chapter 7. Conclusion 

Gene-by-parenting intervention studies are one way to examine the complex 

mechanisms of therapeutic change. These studies allow us to measure changes in the 

caregiving system as a function of group participation, and examine how these changes 

impact child outcomes. The studies included in the current work examined two 

perspectives of this literature. Study 1 summarized the current literature on gene-by-

parenting-based interventions. Critically, results from a previous meta-analysis were 

replicated and new insights into other possible contributing factors (e.g., mediators and 

moderators of treatment effects, offspring age) were explored. Findings from Study 2 on 

the Connect Parent Group, extended the current literature, by examining the role of the 

DRD4 candidate gene on youth outcomes, as well as the possible mediating role of 

attachment security. The hypotheses for this study were partially supported, with DRD4 

moderating the effect of Connect on youth Attachment, but not Total Mental Health 

Problems. This work contributes to our further understanding of the complex factors that 

influence parenting intervention effects. Future directions in this area of study should 

continue to expand on our understanding of the complex interrelationships between 

biopsychosocial factors that contribute to treatment effectiveness, and ultimately improve 

outcomes for youth and their families. 
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Appendix A. Description of Genes in Review 

 

 

Gene Name Acronym System Variant Associated with 
Differential Susceptibility 

Brain-derived neurotrophic 
factor 

BDNF Neurotrophin family of 
growth factors 

Varies by study. In Drury et 
al. (2012) the rs6265 SNP it 
was the “Met” carriers who 
displayed increased 
susceptibility. 

Catechol-O-
Methyltransferase 

COMT One of the enzymes 
that degrades 
catecholamines (e.g., 
dopamine, 
epinephrine, and 
norepinephrine) 

Varies by study 

Dopamine Receptor 2  DRD2 Dopamine The “A1” allele 

Dopamine Receptor 4  DRD4 Dopamine 7 or more VNTR repeats 

Dopamine transporter  DAT1 Dopamine None or one 10-repeat 
allele 

Monoamine oxidase A MAOA Involved in the 
breakdown of: 
Serotonin 
Epinephrine 
Norepinephrine 
Dopamine 

The low-activity allele 

Nuclear receptor subfamily 3 
group C member 1 

NR3C1 Encodes the 
glucocorticoid 
receptor 

Varies by study and SNP 

Serotonin-transporter-linked 
polymorphic region 

5-HTTLPR Serotonin Short or “S” allele  
Grouped either two or one 
copy of the short variant, 
depending on the study 
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Appendix B. Outline of Connect Principles 

Principle Definition 

All Behaviour has Meaning Attachment is a basic human need that 
shapes behaviour.  

Attachment is for Life 
 

The need for attachment continues 
from cradle to grave, but how it is 
expressed changes with development.  

Conflict is Part of Attachment 
 

When expressed and responded to 
constructively, conflict offers new 
opportunities for growth. 

Autonomy Includes Connection Secure attachment balances 
connection and independence. 

Empathy – The Heartbeat of 
Attachment 

Empathy supports growth and 
strengthens our relationships. 

Balancing our Needs with the Needs of 
Others 

Relationships thrive when we have 
empathy and balance our needs with 
the needs of others. 

Growth and Change are Part of 
Relationships 

Growth and change involves moving 
forward while understanding the past. 

Celebrating Attachment Attachment brings joy and pain. 

Two Steps Forward, One Step Back: 
Staying on Course 

Trust relationships in turbulent times. 
Adversity is an opportunity for growth. 
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Appendix C. PRISMA-P Protocol 

Section and 
topic 

Item 
No 

Checklist item 

ADMINISTRATIVE INFORMATION 

Title:   

 Identification 1a Identify the report as a protocol of a systematic review 

 Update 1b If the protocol is for an update of a previous systematic review, 
identify as such 

Registration 2 If registered, provide the name of the registry (such as 
PROSPERO) and registration number 

Authors:   

 Contact 3a Provide name, institutional affiliation, e-mail address of all 
protocol authors; provide physical mailing address of 
corresponding author 

 Contributions 3b Describe contributions of protocol authors and identify the 
guarantor of the review 

Amendments 4 If the protocol represents an amendment of a previously 
completed or published protocol, identify as such and list 
changes; otherwise, state plan for documenting important 
protocol amendments 

Support:   

 Sources 5a Indicate sources of financial or other support for the review 

 Sponsor 5b Provide name for the review funder and/or sponsor 

 Role of 
sponsor or 
funder 

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if 
any, in developing the protocol 

INTRODUCTION 

Rationale 6 Describe the rationale for the review in the context of what is 
already known 

Objectives 7 Provide an explicit statement of the question(s) the review will 
address with reference to participants, interventions, 
comparators, and outcomes (PICO) 

METHODS 

Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, 
setting, time frame) and report characteristics (such as years 
considered, language, publication status) to be used as criteria 
for eligibility for the review 

Information 
sources 

9 Describe all intended information sources (such as electronic 
databases, contact with study authors, trial registers or other 
grey literature sources) with planned dates of coverage 

Search strategy 10 Present draft of search strategy to be used for at least one 
electronic database, including planned limits, such that it could 
be repeated 

Study records:   
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Section and 
topic 

Item 
No 

Checklist item 

 Data 
management 

11a Describe the mechanism(s) that will be used to manage 
records and data throughout the review 

 Selection 
process 

11b State the process that will be used for selecting studies (such 
as two independent reviewers) through each phase of the 
review (that is, screening, eligibility and inclusion in meta-
analysis) 

 Data 
collection 
process 

11c Describe planned method of extracting data from reports (such 
as piloting forms, done independently, in duplicate), any 
processes for obtaining and confirming data from investigators 

Data items 12 List and define all variables for which data will be sought (such 
as PICO items, funding sources), any pre-planned data 
assumptions and simplifications 

Outcomes and 
prioritization 

13 List and define all outcomes for which data will be sought, 
including prioritization of main and additional outcomes, with 
rationale 

Risk of bias in 
individual studies 

14 Describe anticipated methods for assessing risk of bias of 
individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information will 
be used in data synthesis 

Data synthesis 15a Describe criteria under which study data will be quantitatively 
synthesised 

15b If data are appropriate for quantitative synthesis, describe 
planned summary measures, methods of handling data and 
methods of combining data from studies, including any 
planned exploration of consistency (such as I2, Kendall’s τ) 

15c Describe any proposed additional analyses (such as sensitivity 
or subgroup analyses, meta-regression) 

15d If quantitative synthesis is not appropriate, describe the type of 
summary planned 

Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as 
publication bias across studies, selective reporting within 
studies) 

Confidence in 
cumulative 
evidence 

17 Describe how the strength of the body of evidence will be 
assessed (such as GRADE) 

PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) checklist (Shamseer et al., 
2015, p.24) 
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Appendix D. Search and Screening Criteria 

Search and screening instructions (modified from Gray, personal communication) 

 

 Go to the electronic database (i.e., PubMed, PsycINFO, or ProQuest Dissertations 

and Theses Global). 

 Enter the search terms into the search box 

o Gene: ((gene*) OR (candidate gene) OR (alleles*) OR (genotype*) OR (single 

nucleotide polymorphism) OR (allostasis) OR (multigene) OR (DRD4) OR (5-

HTTLPR) OR (NR3C1) OR (BDNF))  

AND 

o Intervention: (((attachment-based intervention) OR (parent training) OR 

(behavior management training)) OR ((intervention) AND (parent*) OR 

(caregiv*) OR (mother-child relations) OR (family relations))) 

 Record the number of results, database and the date of the search. 

 Repeat directions for each database included.  

 Record number of duplicates. 

 Export the retrieved articles to Endnote. 

 Read through the title and abstract. If the study meets criteria, add each entry, listed 

alphabetically by the first author’s last name onto the excel file. There may be 

instances in which you have to check the study document.  

 Make a list of articles that cannot be retrieved through the SFU library system and 

obtain them through inter-library loan. 

 If the screened document meets the criteria for inclusion, save a copy of the PDF. 

When saving pdf files, please rename the file so that it lists the authors, date, and 

title (e.g., Moretti et al., 2010, Title). 

 If the document is screened but it is unclear whether meets criteria or not, 

consultation will be obtained from Adolescent Health Lab members. 
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Appendix E. Screening Criteria 

Inclusion Criteria: 

 Must be a primary study - i.e., uses a sample of participants, is not a review study 

or meta-analysis 

 Must be reported in English or French 

 Must include children and teens, with samples aged younger than 19 (or more 

than half of the as 18 or younger) 

 Must include parenting intervention (e.g., attachment-based intervention, foster 
care such as Bucharest Early Intervention Study, behavior management programs, 
parent psychoeducation programs) 

 Study must look at specific candidate genes (e.g., 5-HTTLPR, DRD4, BDNF) or 
multiple genes. 

 The study must have outcomes that are related to behaviour or mental health 
outcomes in the child, such as levels of anxiety, depression, and substance use. 
We will not include physiological outcomes such as levels of cortisol, or other 
health-related outcomes such as heart disease. 

 Study timeline will be until end of September 30, 2018. 
 

Exclusion Criteria: 

 Study that does not include a parenting-focused intervention (e.g., child receiving 
strictly individual therapy). 

 A study that does not include the examination of at least one candidate gene. Twin 
or sibling studies, as well as Genome Wide Association Studies (GWAS) would 
not be appropriate for this meta-analysis. 

 In the event that there are multiple studies reporting on a single or overlapping 
sample, studies are to be prioritized as follows: 

o Journal article 
o Dissertation 
o Book Chapter 
o Government report 

 It may also be the case that studies examine outcomes in the same group at 
different time-points. Preference will be made for studies where the outcome is 
measured in the developmental period of interest (childhood or adolescence), 
versus longer-term follow-up. 
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Appendix F. Article Selection Decision-Making Tree 
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Appendix G. Coding Manual 

Study Information Record Form 
 
Study Number (ID): 
First Author: 
Authors:  
Title:  
Year of Publication: 
Journal: 
Rater: 
 
Study Characteristics  

 
Type of Publication 
1 = Journal article  
2 = Thesis or doctoral dissertation  
3 = Book or book chapter  
4 = Technical report 
5 = Conference paper  
6 = Raw data  
7 = Unknown 
 
Publication bias (peer review): 
0 = non-peer reviewed (e.g., dissertation, book chapter, many conference proceedings) 
1 = peer reviewed (e.g., journal article) 
 
Location of researchers (based on first author): 
1 = USA 
2 = Canada 
3 = Netherlands 
4 = England 
5 = Australia 
6 = Other 
7 = Unknown 
 
Location of the study: Other____________________ 
 
Location of participants 
1 = USA 
2 = Canada 
3 = Netherlands 
4 = England 
5 = Australia 
6 = Other 
7 = Unknown 
 
Location of the participants: Other____________________ 
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Youth outcome measurement tools (these should be mental health or behavioural 
measures). This is a measure of the dependent variable.  
 
Circle more than one if it applies: 
1 = Parent report: questionnaires (e.g., CBCL, BASC, report on Likert scale about 
symptoms). Could also include rating how often someone engages in the activity (e.g., 
how many times/month does your child smoke). 
2 = Youth report: questionnaires (e.g., YSR, BASC, report on Likert scale about 
symptoms). Could also include rating how often someone engages in the activity (e.g., 
how many times/month do you smoke) 
3 = Teacher report: questionnaire (e.g., TRF, BASC, report on Likert scale about 
symptoms) 
4 = Parent report: semi-structured interview (e.g., Child and Adolescent Psychiatric 
Assessment (CAPA) 
5 = Youth report: semi-structured interview (e.g., Structured Clinical Interview for DSM-5 
(SCID-5)) 
6 = Teacher report: semi-structured interview (e.g., Child and Adolescent Psychiatric 
Assessment (CAPA)) 
7 = Observational measure (e.g., parent-child interaction task) 
8 = Other 
9 = Unknown  
 
Outcome measurement tools: Other__________________ 
 
Type of outcome. Circle all that apply: 
0 = Total mental health score (e.g., overall mental health, combination of an internalizing 
and an eternalizing sore) 
1 = Combined Externalizing score  
2 = Combined Internalizing score 
 
INT: 
3 = Depression score 
4 = Anxiety score 
5 = Specific Anxiety score (e.g., total panic symptoms, total general anxiety, total PTSD 
symptoms). Name Anxiety disorder measured 
 
EX: 
5 = Conduct disorder (CD) score 
6 = Oppositionality (ODD) score 
7 = Risky behaviour score  
14 = Aggression     
8 = ADHD symptoms score (or hyperactivity, inattention, overactive)  
9 = Specific substance use behaviour (e.g., frequency of smoking, drinking, drug use).  
Name the specific substance: _________ 
10 = Total substance abuse score (combination of multiple substances)  
 
OTHER 
11 = Indiscriminate social behaviours 
12 = Other (something not listed above). Name of outcome:_________ 
13 = Unknown 
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DNA collection method: 
1 = Saliva 
2 = Blood 
3 = Buccal swabs 
4 = Other: ______ 
5 = Unknown 
 
Time (in weeks) between start and end of treatment (e.g., how long is the intervention): 
_______________________ 
 
Time (in months) between the end of the intervention and the last follow-up (e.g., how 
much time has passed between when the treatment ended and they collected data on the 
outcome measure): _______________________ 
 
Intervention Information 

 
Intervention type: 
 

1 = Prevention 
intervention 

A study where the intervention was performed prior to the onset of 
psychopathology or behaviour problems. The sample may be high risk. 
Examples include:  
Strong African American Families Program (SAAF) 
Strong African American Families–Teen (SAAF–T) 
Adults in the Making (AIM) 

2 = 
Comprehensive 
prevention 
intervention  

This is an intervention where there are other elements included, such a nutrition 
changes, supports for schoolwork, as well as different supports over time.  
Examples:  

 FAST TRACK 

 PROSPER (Promoting School-Community-University Partnerships to 
Enhance Resilience) 

3 = Intervention Interventions include treatments that focus on sensitivity, responsive care, 
reinforcing appropriate child behaviours. These treatments would be performed 
with individuals with mental health difficulties or behaviour problems. Children may 
nor may not have a clinical diagnosis, but will very likely have symptoms in the 
clinical range. 
Example:  

 Video-feedback Intervention to Promote Positive Parenting and Sensitive 
Discipline (VIPP-SD) 

 Incredible Years 

4 = Randomly 
assigned foster 
care 

This will be a very specific set of studies that will likely focus foster care, and centre 
on samples from Romanian orphanages. 
Example: 

 Bucharest Early Intervention Program (BEIP) 

5 = Other  An intervention that does not meet the criteria of any of the above-mentioned 
interventions.  

6 = Unknown In the case that the details of the intervention are not reported 

 
Name the intervention: ________________________________________ 
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Intervention target: 
0 = Just parent or caregiver 
1 = Parent/caregiver and child 
2 = Parent and other important adults (e.g., teacher, tutors) 
3 = Other 
4 = Unknown 
 
Number of sessions: _________ 
Duration of session (e.g., duration of individual session or weekly duration of treatment (if 
there are other components such as youth work): _______ 
 
Participant Information 

 
Sample size: N = ____  Sample size providing DNA data:  N = _________ 

 
Age of children in the study (at least half of the sample falls in category): 
0 = 0 - 5 
1 = 6 - 12 
2 = 13 + 
 
Mean age (Year), SD of child: _________ 
Mean age (Year), SD of parent: _________ 
 
Sex of child (%): 
0 = Male: __________ 
1 = Female: __________ 
2 = Other: __________ 
3 = Unknown: __________ 
 
Sex of parent (%): 
0 = Male: __________ 
1 = Female: __________ 
2 = Other: __________ 
3: Unknown: __________ 
 
Ethnicity of child (% in each category): 
0 = White: _______ 
1 = African America/Black: ___________ 
2 = Asian/Pacific Islander: ___________ 
3 = Romanian: ____________  
4 = Other: ____________/________ 
5 = Unknown or mixed: __________ 
 
Ethnicity of parent (% in each category): 
0= White: _______ 
1=African America/Black: ___________ 
2= Asian/Pacific Islander: ___________ 
3 = Romanian: ____________  
4 = Other: ____________/________ 
5 = Unknown or mixed: __________ 
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Caregiver type (Majority): 
0 = Biological or step-parent 
1 = Foster parent  
2 = Kinship caregiver 
3 = Other (different type than is listed above, or several types re listed and it is not possible 
to tell which is the |majority”): _________ 
4 = Unknown (not reported) 
 
Candidate gene examined: 
0 = DRD4 
1 = 5-HTTLPR 
2 = BDNF 
3 = OXTR 
4 = NR3C1 
5 = DAT1 
6 = MAOA 
7 = Other: __________________ 
 
Effect Size Information  

 
Sample size 
N = With susceptibility gene in treatment: _________ 
N = With susceptibility gene in control group: __________ 
N = Without susceptibility gene in treatment: __________ 
N = Without susceptibility gene in control group: _________ 
 
Correlation coefficient and standard error 
Mean/ SD = With susceptibility gene in treatment: M __________/SD __________ 
Mean/ SD = With susceptibility gene in control group M __________/ SD __________ 
Mean/ SD Without susceptibility gene in treatment: M __________/SD __________ 
Mean/ SD = Without susceptibility gene in control group: M __________/ SD __________ 
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Appendix H. Inter-Rater Reliability for Article Coding 

Measure of Internal Consistency 

 Cohen’s kappa (κ) Intra-class 
Correlation 

Percent 
Agreement 

Year 1.0  100% 

Publication type *  100% 

Peer reviewed or not *  100% 

Location of researchers  1.0  100% 

Location of study participants 1.0  100% 

DNA sampling technique 1.0   100% 

Time  1.0 100% 

Follow-up Time  1.0 100% 

Intervention type .67  80% 

Intervention target .71  80% 

Number of sessions attended  1.0 100% 

Session duration  1.0 100% 

Sample size at the start  1.0 100% 

Sample size providing DNA  1.0 100% 

Age group of the child 1.0  100% 

Mean age (children)  1.0 100% 

SD age (children  1.0 100% 

Mean age (parent)  1.0 100% 

SD age (parent)  1.0 100% 

Child Gender Percentage: 
Female  
Male  
Other  
Unknown 

  
.77 
.78 
* 
* 

 
40% 
40% 
80% 
80% 

Parent Gender Percentage: 
Female  
Male  
Other  
Unknown 

  
* 
1.0 
1.0 
1.0 

 
100% 
100% 
100% 
100% 

Child Ethnicity Percentage: 
White 
Black 
Romanian 
Asian 
Other 
Unknown 

  
1.0 
1.0 
.97 
1.0 
1.0 
.99 

 
100% 
100% 
80% 
100% 
100% 
80% 

Parent Ethnicity Percentage: 
White 
Black 
Romanian 
Asian 
Other 
Unknown  

  
1.0 
* 
* 
* 
1.0 
1.0 

 
100% 
100% 
100% 
100% 
100% 
100% 
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Measure of Internal Consistency 

 Cohen’s kappa (κ) Intra-class 
Correlation 

Percent 
Agreement 

Caregiver type  .44  80% 

Child DNA 
DRD4 
5-HTTLPR 
BDNF 
OXTR 
NR3C1 
DAT1 
MAOA 
Other 

 
1.0 
1.0 
1.0 
* 
* 
* 
* 
1.0 

  
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 

Outcome Measures: 
Parent self-report 
Youth self-report 
Teacher report 
Parent interview 
Youth Interview 
Teacher interview 
Observation 
Other 
Unknown 

 
.62 
1.0 
* 
* 
* 
* 
* 
.55 
* 

  
80% 
100% 
100% 
100% 
100% 
100% 
100% 
80% 
100% 

Measure Type 
Total mental health score  
Externalizing score  
Internalizing score 
INT: 
Depression score 
Anxiety score 
Specific Anxiety  
EX: 
CD score 
Oppositionality  
Risky behaviour  
Aggression     
ADHD symptom 
Specific substance use 
Total substance abuse score 
 
OTHER 
Indiscriminant social behaviours 
Other  
Unknown 

 
* 
* 
1.0 
 
* 
* 
* 
 
* 
* 
* 
* 
* 
* 
* 
 
 
1.0 
* 
1.0 

  
100% 
100% 
100% 
 
100% 
100% 
100% 
 
100% 
80% 
100% 
80% 
80% 
100% 
100% 
 
 
100% 
100% 
100% 
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Appendix I. Description of Interventions in Review 

Intervention Intervention 
Type 

Theoretical orientation 
and/or focus of 
parenting intervention 

Developmental 
Period 

Treatment 
Dose 

Components Participants 

AIM Prevention Family-based, skills-
training  
Prevention program 

Older adolescent 
and emerging 
adults 
 

6 sessions Videotape examples 
Psychoeducation 
Role-plays 
Discussions 

Separate and 
concurrent 
parent and child 
sessions  

BEIP Foster Care Focus on the parent-child 
relationship  
Longer-term placements 
Support for foster parents 
Cultural sensitive* 

Childhood N/A Enhanced foster placement 
including longer duration in 
care, more support for 
caregivers 

Caregivers 

Behavioural 
Therapy 

Intervention Social learning theory Childhood 12 sessions Skills training (information, 
practice) (e.g., structuring the 
environment, providing direct 
commands,  reinforcing 
positive behaviours) 
Homework tailored to the 
family’s needs 

Caregivers 
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Intervention Intervention 
Type 

Theoretical orientation 
and/or focus of 
parenting intervention 

Developmental 
Period 

Treatment 
Dose 

Components Participants 

CPP and PPI Intervention CPP: Child-parent 
psychotherapy 
The parent-child 
relationship is the patient 
The aim is to increase 
maternal sensitivity 
The goal is the support 
caregivers to develop 
secure representational 
relationship models.  
 
PPI: Psychoeducational 
parenting intervention 

Early childhood Varied, 
year-long 
work 

CPP: 
Increase sensitivity and 
responsivity in the caregiver 
Nondirective 
Infant observation 
PPI: 
Home-based education 
program 
Provide parent education such 
as parenting skills 
Reduce parent stress 
Didactic and directive 

CPP: Caregivers 
and their infants 
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Intervention Intervention 
Type 

Theoretical orientation 
and/or focus of 
parenting intervention 

Developmental 
Period 

Treatment 
Dose 

Components Participants 

FAST TRACK Comprehensive 
Intervention 

Social learning theory Childhood and 
adolescence 

Varied Elementary years: 
Parenting groups with a focus 
on building good school-parent 
relationships, and behaviour 
management skills (e.g., 
praise, time-out) 
Home visits 
Child tutoring in reading 
In-school friendship 
enhancement training and 
social skills groups 
Adolescents years: 
Standard and individualized 
activities for youth and 
families in the intervention 
such as home visits, support 
with family  problem-solving 
and linking with school and 
community supports  

Caregivers and 
youth 

Incredible Years Intervention Social learning theory Childhood 14 sessions Videotaped vignettes 
Discussions 
Reading materials 
Home practice 

Caregivers 
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Intervention Intervention 
Type 

Theoretical orientation 
and/or focus of 
parenting intervention 

Developmental 
Period 

Treatment 
Dose 

Components Participants 

PROSPER Comprehensive 
Intervention  

Family-focused 
(behaviour management  
and improving problem 
solving skills) and school-
based  (psychoeducation, 
social skills training) 
interventions 

Childhood and 
adolescence 

Varied School-based programs 
Question-answer sessions 
Role-play 
Small-group work and 
homework  
Strengthening Families 
Program: For Parents and 
Youth 10-14  
Narrated videos 
Group activities 
In-session coaching for family 
playtime 
Home practice 

Caregiver and 
child, as well as 
combined 
parent-child 
sessions 

SAAF Prevention Family-centered 
Prevention program 
 

Pre-adolescence 7 sessions  Videotape examples 
Psychoeducation 
Role-plays 
Discussions 

Separate and 
concurrent 
parent and child 
sessions  

SAAF-T Prevention Family-centered 
Prevention program 

Adolescents (14-
16) 

5 sessions Videotape examples 
Psychoeducation 
Role-plays 
Discussions 

Separate and 
concurrent 
parent and child 
sessions  
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Intervention Intervention 
Type 

Theoretical orientation 
and/or focus of 
parenting intervention 

Developmental 
Period 

Treatment 
Dose 

Components Participants 

Thula Sana  Pre and post-
natal period 

Attachment theory (i.e., 
encourage sensitive, 
responsive interactions)  
 

Perinatal period 16 session Home-visiting parenting 
program 
Included components of other 
programs such as The Social 
Baby and the World Health 
Organization’s report 
Improving the Psychosocial 
Development of Children, as 
well as items from the from the 
Neonatal Behavioral 
Assessment Scale 
developmental assessment 

Caregivers 

VIPP-SD Intervention Attachment and social 
learning theory** 

Early childhood 6 sessions Feedback on parenting 
through the use of videotaped 
mother– child interactions 
Psychoeducation on child 
development 

Caregivers 

*Nelson, Fox, & Zeanah, 2014 
** Juffer, Bakermans-Kranenburg, & van IJzendoorn, 2017 
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Appendix J. Figure of Parenting-Based Interventions Meta-Analysis (Non-
Susceptible Group)  
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Appendix K. Figure of Parenting-Based Interventions Meta-Analysis 
(Susceptible Group) 
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 Appendix L. Demographic Differences in Youth With and Without DNA Samples  

 Did not provide DNA Provided a DNA sample  

Variable % (N) M(SD) % (N) M(SD) p = 

Ever Arrested 5.6 (19)  8.2 (28)  .14 

Ever in Foster Care 14.6 (50)  14.1 (48)  .95 

Completed 50% of Connect Sessions 86 (296)  88.3 (301)  .57 

Total Mental Health Score (BCFPI) 
Pre-Connect 
Mid-Connect 
Post-Connect 
6 Month Follow-up 
 
Attachment Score (AAAI) 
Pre-Connect 
Mid-Connect 
Post-Connect 
6 Month Follow-up 
 

  
61.01 (12.74) 
54.83 (12.6) 
53.84 (13.39) 
57.38 (12.76) 
 
 
6.46 (2.24) 
6.12 (2.16) 
5.98 (2.17) 
5.9 (2.2) 

  
60.95 (12.28) 
55.62 (12.75) 
53.8(12.62) 
56.20 (12.53) 
 
 
6.37 (2.13) 
6.38 (2.2) 
5.99 (2.16) 
5.8 (2.2) 

 
.95 
.48 
.97 
.40 
 
 
.60 
.17 
.96 
.83 
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Appendix M. Parent Consent Form  

SIMON FRASER UNIVERSITY: Parent Consent for Minor- DNA 

The following procedures and study are optional. You can give your permission 

for your child to take part in the main study and not take part in this optional study 

component. If you do not agree to your child’s permission to take part in any or all of the 

optional studies your child’s care will not be affected. 

You and your child are being invited to take part in this portion of the study 

because you have agreed to participate in the main study. Your participation in the study 

is entirely voluntary. You are not required to participate. Before you decide, it is 

important for you to understand what the research involves. This consent form will tell 

you about the study, its purpose, what we will ask you and your child to do, and its 

possible benefits, risks and discomforts. 

WHO IS CONDUCTING THE STUDY? The study is being conducted by a team 

of researchers at Simon Fraser University led by Dr. Marlene Moretti.  

WHAT IS THE PURPOSE OF THE STUDY? The purpose of this portion of the 

study is to learn more about how certain genes (Deoxyribonucleic acid - DNA) may 

influence the effects of a parent group program on teens’ emotional and behavioural 

development. By understanding more about the biological factors that may influence 

emotions and behaviours, we can find new ways to design interventions to promote 

healthy development. 

WHO CAN PARTICIPATE IN THE STUDY? Participation in this part of the study 

is open to anyone enrolled in the main study. 

WHAT WILL YOU AND YOUR CHILD BE ASKED TO DO? If you and your child 

agree to participate, your child will be asked to provide a sample of saliva. The sample 

will be obtained by asking your child to spit into a plastic tube or place a cotton dental roll 

in the side of their mouth for approximately 1 minute. The roll will then be placed in a 

plastic container for storage at our secure laboratory at Simon Fraser University 

(identified with a number only) prior to processing of DNA at our laboratory. This 

procedure will take about 5 minutes. The scope of the DNA-based work is limited to a 



110 

small number of genes (i.e., genetic markers) that have been shown in previous 

research to likely be related to the main goals of the present study. 

The DNA will be labelled with a unique identification number and stored in a 

freezer for five (5) years after study completion in the researcher’s secure laboratory at 

Simon Fraser University. Your additional consent will be sought to bank the DNA for 10 

years at the end of this form. The stored DNA will be used only by the principal 

investigator, Dr. Marlene Moretti and collaborators for the purpose of this study. As the 

study goals will take several years to complete, leftover DNA may be stored for further 

genetic research related to the general objectives of this proposal. The laboratory is in a 

secure building accessible by key card only. You or your child can request that your 

child’s DNA samples be destroyed or withdrawn from the study at any time by contacting 

the principal investigator, Dr. Marlene Moretti. No investigators outside of the research 

team will have access to these samples. No further consent will be sought for these 

future studies until your child becomes of age to consent. At this time, we will attempt to 

contact you and your child to obtain their informed consent to store their DNA for future 

research use. These DNA samples will not be sold and will not be used for commercial 

purposes.  

WHAT ARE THE RISKS AND BENEFITS OF BEING IN THE STUDY? There are 

no known risks with providing samples of saliva. No one knows whether or not your child 

will benefit from this sub-study. There may or may not be direct benefits to your child 

from taking part in this study. We hope that the information learned from this study can 

be used in the future to benefit other families. 

WHAT ARE THE ALTERNATIVES TO PARTICIPATION IN THIS PART OF THE 

STUDY? The alternative is for your child to not participate at all in this sub-study. Not 

participating will have no effect on participation in the main study. 

HOW WILL CONFIDENTIALITY BE PROTECTED? Your family’s confidentiality 

will be respected. To maintain confidentiality, we will use only a code number to identify 

your child’s information and will not use your name, your child’s name, or any other 

identifying information in any reports from our research. Similarly, the DNA, which will be 

stored for the purposes of this study only, will be labeled with a unique identification 

number and kept in a locked freezer in Dr. Moretti’s secure laboratory at Simon Fraser 
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University, for the remainder of the study only. Five (5) years after the study completion, 

the DNA will be destroyed. 

The laboratory is in a secure building accessible by key card to authorized and 

trained research staff. The DNA, stored and used for the purposes of this research study 

only, will only be used by the principal investigator, Dr. Moretti and collaborators. It will 

not be possible to connect the DNA sample with you or your child’s information without a 

password-protected document stored with Dr. Moretti. No investigators outside of the 

research team will have access to these samples.  

The DNA sample will only be used for the purposes described in this consent and 

will not be sold and will not be used for teaching or commercial purposes.  

IS THERE REIMBURSEMENT FOR THE TIME YOU AND YOUR CHILD GIVE 

TO THIS PORTION OF THE STUDY? There is no additional reimbursement for 

participating in this portion of the study.  

CONSENT FOR A MINOR: You can choose to give us permission or not to give 

us permission to obtain and store your child’s DNA. No further consent will be sought for 

research related to this study unless your child comes of age to consent. At that time, Dr. 

Moretti’s lab will attempt to contact your child when he or she reaches 19 years of age. 

The purpose for contacting your child in the future is to obtain his or her consent for the 

study. If you change your contact information without updating us, please have your 

child re-contact the lab when he or she reaches 19 years of age. We will provide your 

adult child with their own consent form. If the child you consented for at 19 years of age 

wishes to withdraw from the study the information in the “withdrawing consent” section 

below, will apply. Dr. Moretti can be contacted at XXX-XXX-XXXX. 

WHAT HAPPENS IF I WITHDRAW MY CONSENT FOR MY CHILD TO 

PARTICIPATE? You and your child’s participation in this research is entirely voluntary. 

You may withdraw from this study at any time, without providing reasons. If you decide 

to enter the study and to withdraw at any time in the future, there will be no penalty or 

loss of benefits to which you or your child are otherwise entitled, and your child’s future 

medical care will not be affected. Furthermore, withdrawal from this part of the study 

does not affect your eligibility to participate in the main part of the study. If you wish for 

your child’s stored DNA to be destroyed upon withdrawal of the study you may contact 
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the Principal Investigator’s representative for the study, Dr. Roseann Larstone, at (XXX) 

XXX-XXXX. 

HOW WILL MY CHILD’S INFORMATION BE USED? The information your child 

will provide will be used to find out what types of treatment are most helpful to teens and 

parents. Their information will only be used in ‘group form’ – that means we put all the 

information that teens and parents give us together and look at results for the group 

rather than an individual. If the results are published or presented at conferences and 

other similar events, you or your child are never personally identified. 

CAN I FIND OUT THE RESULTS OF THE RESEARCH STUDY? If you want to 

know the results of the study when it’s done, you can contact Dr. Marlene Moretti, 

address removed and phone number removed for dissertation publication. You may also 

contact Dr. Roseann Larstone, Study Coordinator, Department of Psychology, Simon 

Fraser University, telephone: XXX-XXX-XXXX. 

If you have concerns about participating in this research study, you can write to 

Dr. Marlene Moretti or contact Dr. Hal Weinberg, Director, Office of Research Ethics at 

Simon Fraser University via email: email removed for dissertation publication and XXX-

XXX-XXXX.  
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PARENTAL CONSENT FOR MINOR SUBJECT TO PARTICIPATE IN RESEARCH -

DNA 

I have been asked to consent to my child’s participation in this research sub-

study. I have the right to find out what will or might happen to me or my child if he/she is 

in the study. My child has the right to tell me whether he/she does or does not want to be 

in this study.  

 

Please check the following boxes before signing this form: 

□ A study team member has explained to me what my child will have to do in the study.  

□ A study team member has also explained any discomforts, risks and inconveniences 

my child may experience if he/she is in the study.  

□ I have the right to find out what will or might happen to me or my child if he/she is in 

the study. 

□ I have asked any questions I had, and all my questions have been answered.   

□ My child has the right to tell me whether he/she does or does not want to be in this 

study. 

□ I have been told that I will receive a dated and signed copy of this form. 

 

I have decided that my child (Full name): ___________________     

□ May participate in this sub-study    OR   □ May not participate in this sub-study   

□ May provide a saliva sample (DNA)  OR   □ May not provide a saliva sample  

Further, I have decided that: 

I consent to also have my child’s DNA sample banked for 10 years. 

I do not consent to also have my child’s DNA sample banked for 10 years. 

Your Name (please print):        

Your Child’s Name:  ______________________________________________________ 

Signature 

Witness:                         

Date: __________________________________________________  
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Appendix N. Results When Including Parents Who 
Participated in 70% of Connect Sessions 

 Total Mental Health Problems 

 Intercept Slope 

Gender β = 3.45, B(SE) 1.63( 1.67)* β = -0.21, B(SE) 0.24 ( 0.52) 

Age β = 0.18, B(SE) 0.04( 0.35) β = 0.214, B(SE) 79( 0.11) 

Ethnicity β = -1.44, B(SE) -0.11 ( 0.99)  β = -0.22, B(SE) 0.07( 0.32) 

DRD4 --------- β = 0.08, B(SE) 0.7 ( 0.69) 

 Attachment 

 Intercept Slope 

Gender β =0.21, B(SE) 0.06( 0.26) β =0.03, B(SE) 0.04 ( 0.09) 

Age β =-0.05, B(SE) -0.02 ( 015) β = 0.03, B(SE) -0.06 ( 0.05) 

Ethnicity β = 0.21, B(SE) 0.28 ( 0.05)** β = 0.01, B(SE) 0.09 ( 0.02) 

DRD4 --------- β = -0.21, B(SE) 0.21 ( 0.11)+ 

* = p < 0.05, **, p = <.01 
+ = p = 0.06 


